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(54) Hydraulic pump, in particular a fuel pump

(57) A hydraulic pump (HP; 1), in particular a fuel
pump, comprising:
- an intake port (IP; 2),
- a delivery port (DP; 4), provided for hydraulic connection
to a user (CR),
- at least one cylinder (CY; 20, 22, 24), movable within
which is a corresponding piston (P; P1, P2, P3), wherein
the piston has, during the operation of the pump (HP, 1),
a reciprocating motion between a top dead centre (TDC)
and a bottom dead centre (BDC),
- a delivery valve (DV; 26, 28, 30) for each cylinder (CY;
20, 22, 24) hydraulically connected thereto, movable be-
tween a closed position and an open position, wherein
in the open position the delivery valve (DV; 26, 28, 30)

is arranged for enabling a flow of fluid between the cyl-
inder (CY; 20, 22, 24) and the delivery port (DP; 4), and
wherein in the closed position the delivery valve (DV; 26,
28, 30) is arranged for blocking a flow of fluid between
the cylinder (CY; 20, 22, 24) and the delivery port (DP; 4).
The hydraulic pump (HP; 1) comprises a regulation as-
sembly (R; 39, 40, 42, 43, 44, 46) which, when a threshold
pressure (pREF) in a user (U; CR) hydraulically connected
to said delivery port (DP; 4) is exceeded, is arranged for
keeping the delivery valve (DV, 26, 28, 30) in the open
position during at least part of a movement of the piston
from the top dead centre (TDC) to the bottom dead centre
(BDC) and enabling a reflux of fluid from the delivery port
(4, DP) to the cylinder (20, 22, 24).
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Description

Field of the invention

[0001] The present invention relates to a hydraulic
pump, in particular a fuel pump. In particular, the inven-
tion has been developed with reference to hydraulic
pumps with devices for regulating the flowrate.

Description of the prior art and general technical problem

[0002] In the technical field of hydraulic pumps, in par-
ticular fuel pumps, there is the need to regulate the flow-
rate of fluid delivered by the pump to a user in a way
substantially independent of the speed of rotation of the
pump shaft.
[0003] In particular, in the field of compression ignition
internal combustion engines (whether they be engines
for road vehicles or large stationary engines for marine
use), practically all the known solutions envisage hydrau-
lic connection of a fuel pump to a pressurized-fluid accu-
mulator (commonly referred to as "common rail"), and
regulation of the flowrate delivered by the pump to the
common rail is obtained substantially according to two
different ways:

- by means of a regulation valve that laminates the
excess flowrate delivered by the pump and not con-
sumed by the injectors supplied via the common rail,

- by means of a lamination valve set at the inlet of the
pump to cause a controlled cavitation in the fluid
sucked in by the pump itself.

[0004] Evidently, the latter mode is aimed at the reduc-
tion of the mass of liquid sucked in by the pump.
[0005] However, notwithstanding their undoubted sim-
plicity, said regulation strategies present evident disad-
vantages.
[0006] The first way of regulation is energetically very
expensive in so far as the lamination of fluid that is ob-
tained entails high energy losses.
[0007] The second way of regulation presents big
problems of wear linked to the cavitation induced in the
fluid at the pump inlet. Furthermore, said solution nor-
mally requires the use of a lamination valve of an elec-
troactuated type with a costly proportional solenoid to be
able to vary with continuity and precision the flowrate of
fluid that is sucked in by the pump.

Object of the invention

[0008] The object of the present invention is to over-
come the technical problems described previously.
[0009] In particular, the object of the invention is to
regulate the flowrate delivered by a hydraulic pump to a
user in an energetically convenient way and so as not to
jeopardize the service life of the pump and of the com-
ponents thereof.

Summary of the invention

[0010] The object of the present invention is achieved
by a hydraulic pump having the features forming the sub-
ject of the ensuing claims, which form an integral part of
the technical disclosure herein provided in relation to the
invention.

Brief description of the figures

[0011] The invention will now be described with refer-
ence to the annexed figures, provided purely by way of
non-limiting example, wherein:

- Figure 1 is a schematic representation of a hydraulic
pump according to various embodiments of the in-
vention;

- Figure 2 is a schematic representation of a hydraulic
pump according to an embodiment of the invention;

- Figure 3 is a schematic representation of a hydraulic
pump according to a preferred embodiment of the
present invention; and

- Figures 4 to 8 illustrate a series of diagrams describ-
ing various characteristic quantities of operation of
a hydraulic pump according to the preferred embod-
iment of the invention.

Detailed description

[0012] In Figure 1 the reference HP designates a hy-
draulic pump according to various embodiments of the
present invention. The pump HP comprises an intake
port IP, a delivery port DP, and at least one cylinder CY,
set within which is a piston P that moves with reciprocat-
ing motion by means of a mechanism K (for example, a
cam or a crank mechanism), which is in turn actuated by
means of an input shaft IS. Each piston P moves with
reciprocating motion between a top dead centre TDC and
a bottom dead centre BDC.
[0013] The intake port IP is arranged for connection to
an intake environment (not illustrated) and is in fluid com-
munication with the cylinder CY by means of a intake
valve IV, in itself known.
[0014] The cylinder CY is moreover in fluid communi-
cation with the delivery port DP by means of a delivery
line DL, set on which is a delivery valve DV that can be
controlled by means of a regulation assembly R.
[0015] The delivery valve DV is movable between an
open position, where it is arranged for enabling a flow of
fluid between the cylinder CY and the delivery port DP,
and a closed position, where it prevents the aforesaid
flow of fluid between the cylinder CY and the delivery
port DP. The pump HP is moreover arranged for hydraulic
connection to a user, here represented schematically and
designated by the letter U. In one embodiment, the user
U can be a fuel-accumulation injection system commonly
known as "common-rail injection system ".
[0016] Operation of the pump HP is described in what
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follows.
[0017] The piston P in reciprocating motion between
the top dead centre TDC and the bottom dead centre
BDC describes a working cycle comprising a sequence
of five phases, namely,

- intake of fluid, in particular liquid, within the cylinder
CY from the intake port IP (intake),

- compression of the liquid within the cylinder CY
(compression),

- delivery of the liquid to the delivery line DL (delivery),
- reflux of the liquid from the delivery line DL to the

cylinder CY (reflux),
- expansion of the residual liquid present in the cylin-

der CY (expansion).

[0018] Of these, the compression and delivery phases
develop substantially during the rise of the piston from
the bottom dead centre BDC to the top dead centre TDC,
whereas the reflux, expansion, and intake phases devel-
op substantially during descent of the piston from the top
dead centre TDC to the bottom dead centre BDC. In the
ensuing description, the former will be referred to briefly
as "rising phase", and the latter as "descent phase".
[0019] During the expansion phase, descent of the pis-
ton P to the bottom dead centre BDC creates a reduction
of pressure within the cylinder CY, which brings about
the opening of the intake valve IV. The intake phase thus
starts, with the consequent entry of fluid into the cylinder
CY itself. The intake valve IV substantially recloses at
the end of the descent phase of the piston P.
[0020] There follows the compression phase, which
terminates when the pressure in the cylinder CY has
reached a value such that the regulation assembly R
opens the delivery valve DV, thus enabling transfer of
the pressurized fluid through the delivery line DL to the
delivery port DP.
[0021] For this purpose, the regulation assembly is ar-
ranged for receiving a first driving signal PS1, preferen-
tially corresponding to a delivery pressure immediately
downstream of the cylinder CY and issuing, as a function
of said driving signal PS1, an actuation signal AS1 to the
delivery valve DV, for example an actuation force devel-
oped with mechanical actuators or with hydraulic means.
The actuation force developed on the valve DV causes
the opening thereof, thereby enabling the passage of fluid
through the delivery line DL and the delivery thereof to
the user U through the delivery port DP.
[0022] At the end of the delivery phase, the regulation
assembly R ceases issuing the actuation signal AS1, en-
abling closing of the delivery valve DV.
[0023] When the flowrate of fluid sent by the pump HP
to the user U exceeds the demand of the latter, the pres-
sure of the fluid in the user U (and at the delivery port
DP) increases on account of accumulation thereof.
[0024] The regulation assembly R is arranged for re-
ceiving a second driving signal PS2 corresponding to a
pressure of the fluid in the user U. In case the pressure

detected in the user U is higher than a threshold value
pREF, the regulation assembly R continues to issue the
actuation signal AS1 for keeping the actuation force on
the delivery valve DV, and in turn keeping the delivery
valve DV in the open position even after the end of the
delivery phase. In other words, the regulation assembly
R keeps the delivery valve open also during at least part
of the descent phase of the piston P.
[0025] In this way, a reflux of fluid is enabled from the
delivery port DP to the cylinder CY through the delivery
valve DV. It should be noted that during the reflux of fluid
to the cylinder CY, this develops a motive work on the
piston P, substantially returning the work of compression
previously accumulated by the fluid. Consequently, said
mechanism of regulation, which envisages delivering a
full flowrate of fluid and then causing reflux of the excess
amount to the cylinder CY, does not penalize the overall
energy efficiency of the pump.
[0026] In effect, the reflux phase performed by the pis-
ton P, which in conditions of operation at full flowrate is
substantially an undesirable effect due to the inertia of
the system (delivery valve above all), becomes in condi-
tions of regulation an effect that is sought and develops
over a much wider angular range (with reference to an
angle of rotation of the input shaft IS) that extends, in the
limit, as far as the bottom dead centre BDC (there is thus
witnessed a substantial dilation of the reflux phase, with
delay and substantial contraction of the intake phase).
[0027] In this way, the pressure of the fluid in the user
U decreases (as the pressure on the delivery port DP)
returning into the neighbourhood of the threshold value
pREF. The regulation assembly R is thus arranged for
ceasing the maintenance of the actuation signal AS1 on
the delivery valve DV when the pressure of the fluid in
the user U drops below the threshold pressure pREF, so
that the valve DV is able to reclose.
[0028] The operation of the regulation assembly R is
such that, in conditions of regulation, the pressure of the
fluid in the user U oscillates with respect to the reference
value, with reiteration of the regulation process just de-
scribed. In this way, it is possible to guarantee continu-
ously that a flow-rate value equal to the one required
reaches the user U.
[0029] With reference to Figure 2, in one embodiment
the pump HP comprises an actuator A1, arranged for the
actuation of the delivery valve DV, and an elastic posi-
tioning element S, whose action tends to bring the deliv-
ery valve DV into the closed position.
[0030] The operation is similar to what has been de-
scribed previously because the regulation assembly R is
arranged for controlling the actuator A1 so as to bring
the delivery valve DV into the open position during the
delivery phase (as a function of the driving signal PS1)
and so as to keep it open during the reflux phase as a
function of the driving signal PS2, i.e., of the pressure in
the user U.
[0031] With reference to Figure 3, the reference
number 1 designates as a whole a hydraulic pump ac-
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cording to a preferred embodiment of the present inven-
tion.
[0032] The schematic representation with a dashed
and double-dotted line indicates a body of the hydraulic
pump 1. The hydraulic pump 1 comprises an intake port
2 and a delivery port 4.
[0033] A first manifold channel 6 is in hydraulic com-
munication with the intake port 2, and branching off there-
from, in this embodiment, are a first intake line 8, a second
intake line 10, and a third intake line 12 in hydraulic com-
munication with the manifold 6.
[0034] Set respectively on the intake lines 8, 10, 12
are a first intake valve 14, a second intake valve 16, and
a third intake valve 18. The intake valves 14, 16, 18 are
arranged for enabling or disabling a hydraulic connection
between the corresponding intake lines 14, 16, 18 and a
first cylinder 20, a second cylinder 22, and a third cylinder
24, respectively.
[0035] Movable respectively within the cylinders 20,
22, 24 are a first piston P1, a second piston P2, and a
third piston P3. Each of the pistons P1, P2, P3 is actuated
with reciprocating motion by means of a mechanism.
[0036] In the particular case analysed here, three cams
C1, C2, C3 (with corresponding tappets) have been pro-
vided, uniformly offset in an angular direction.
[0037] In alternative embodiments it is possible to pro-
vide the pump 1 with pistons actuated by crank mecha-
nisms.
[0038] It should moreover be noted that the embodi-
ment of the pump 1 described herein is, by way of exam-
ple, of the three-piston type, but the person skilled in the
art will appreciate that the present invention applies irre-
spective of the number of the pistons of the pump 1, which
can be different from three, even just one.
[0039] In addition to being in hydraulic communication
with the corresponding intake line 8, 10, 12 and the cor-
responding intake valve 14, 16, 18, each of the cylinders
20, 22, 24 is in hydraulic communication, respectively,
with a first delivery valve 26, a second delivery valve 28,
and a third delivery valve 30, which are each movable
between a closed position and an open position.
[0040] Each delivery valve 26, 28, 30 is hydraulically
connected, by means of a respective delivery channel
32, 34, 36, to a second manifold channel 38, which is in
turn hydraulically connected to the delivery port 4.
[0041] Each delivery valve 26, 28, 30 is normally in a
closed position and is designed to enable, in the open
position, a hydraulic connection of the corresponding cyl-
inder 20, 22, 24 associated thereto with the correspond-
ing delivery channel 32, 34, 36 and hence enable a flow
of fluid from the corresponding cylinder 20, 22, 24 to the
delivery port 4. In a closed position each delivery valve
prevents the aforesaid flow of fluid.
[0042] Each of the delivery valves 26, 28, 30 is con-
trolled by means of a number of actuation signals, which
result in corresponding actuation forces. In the embodi-
ment described herein said actuation forces are obtained
by hydraulic driving lines, or, more briefly, driving lines.

In other embodiments, it is possible to obtain the actua-
tion by means of actuators that exert a mechanical (in-
stead of hydraulic) action on a corresponding delivery
valve.
[0043] With reference to the embodiment illustrated in
Figure 3, each delivery valve 26, 28, 30 is controlled,
respectively, by:

- a first hydraulic driving line U1, U2, U3 in fluid com-
munication with the corresponding cylinder 20, 22,
24;

- a second hydraulic driving line CV1, CV2, CV3;
and

- a third hydraulic driving line D1, D2, D3 in fluid com-
munication with the corresponding delivery channel
32, 34, 36; it should be noted that said driving line
can be optional; consequently, in some embodi-
ments, such as the one described herein, the pump
1 comprises the driving lines D1, D2, D3, whilst in
other embodiments only the driving lines U1, U2, U3
and CV1, CV2, CV3 are present.

[0044] Each delivery valve 26, 28, 30 moreover com-
prises a respective elastic element S1, S2, S3, the action
of which is aimed at keeping the corresponding delivery
valve in a closed position. The force developed by each
elastic element S1, S2, S3 is chosen in such a way as
to be substantially negligible with respect to the forces
developed by the hydraulic driving lines.
[0045] In the present description, as will be evident to
a person skilled in the art, the terms "hydraulic driving
line" or "driving line" are used to indicate synthetically a
hydraulic line with driving function, i.e., a hydraulic line
that in general is able to process a negligible flowrate of
fluid and in which the pressure of the fluid within it is
exploited as signal of a hydraulic type within a component
or a circuit.
[0046] The first and second driving lines U1, U2, U3
and D1, D2, D3 (if present) act on respective surfaces of
influence of the corresponding delivery valves 26, 28, 30
to cause opening thereof.
[0047] The hydraulic driving lines CV1, CV2, CV3, like
the elastic elements S1, S2, S3 (albeit, as mentioned, to
a lesser extent), develop an action aimed at keeping the
corresponding delivery valves in the closed position.
[0048] Furthermore, each hydraulic driving line CV1,
CV2, CV3 acts on a respective influence area chosen
preferentially in such a way that it is substantially equal
to the sum of the influence areas on which the remaining
hydraulic driving lines of the corresponding delivery valve
act, i.e., the driving lines U1, U2, U3 and D1, D2, D3 (if
present).
[0049] The hydraulic driving lines CV1, CV2, CV3
branch off from a control channel CV0 hydraulically con-
nected to a control volume CV. The control volume CV
is hydraulically connected to the second manifold chan-
nel 38 and to the delivery port 4 by means of a hydraulic
control line 39, set on which is a choke 40, preferentially
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with fixed geometry. The choke 40 is set hydraulically
upstream of the control volume CV.
[0050] The control volume CV is moreover hydrauli-
cally connected to the first manifold channel 6 and to the
intake port 2 by means of a control valve 42 set fluid-
dynamically downstream thereof in a return channel 43
hydraulically connected to the intake port 2.
[0051] The control valve 42 is functionally a pressure-
regulating valve, which in this embodiment is kept in a
closed position by means of an elastic element S4. Fur-
thermore, in this embodiment the control valve 42 can
be actuated by means of a solenoid 44 operatively con-
nected to an electronic control unit 46.
[0052] In other embodiments it is possible to adopt a
hydraulically or mechanically actuated control valve 42.
[0053] There is thus defined a regulation assembly of
the pump 1 comprising in this embodiment the hydraulic
control line 39, the choke 40, the control volume CV, and
the control valve 42 (and, in this embodiment, also the
control unit 46), which enables, as will emerge clearly
from the ensuing description, a variation in the flowrate
sent by the pump 1 to a user that is connected to the
delivery port 4.
[0054] Operation of the pump 1 is described in what
follows.
[0055] The ensuing description will be developed with
particular reference to the application of the hydraulic
pump 1 to a fuel-injection system of an internal-combus-
tion engine, in particular as a highpressure pump for an
accumulation injection system (the so-called "common
rail" injection system). Of course, it is possible to imple-
ment what is described herein also in the case of a ge-
neric user connected to the delivery port 4.
[0056] The intake port 2 is hydraulically connected to
a low-pressure environment LPE that is located fluid-dy-
namically upstream thereof. For the application consid-
ered, the low-pressure environment LPE comprises, for
example, a hydraulic inflow line, in which the fuel is mod-
erately pressurized by means of a low-pressure pump
that sucks in fuel directly from a tank.
[0057] The delivery port 4 is instead hydraulically con-
nected to a fuel accumulator, commonly referred to as
"common rail" (represented schematically and designat-
ed by the reference CR), to which one or more fuel in-
jectors (not illustrated) are hydraulically connected. On
the modalities with which the injectors operate in a com-
mon-rail injection system, reference shall be made to the
specific literature in so far as operation of this subsystem
is widely known to the person skilled in the branch.
[0058] During operation of the pump 1, the input shaft
IS is driven in rotation and actuates each of the pistons
P1, P2, P3 with reciprocating motion thanks to the re-
spective cams C1, C2, C3.
[0059] Operation at full flowrate, i.e., without regulation
of the flowrate delivered to the common rail CR, will now
be described with specific reference to the components
associated to the piston P1, without prejudice to the fact
that operation of the further pistons and of the homolo-

gous components operatively associated thereto is iden-
tical.
[0060] Reference is moreover made to the diagrams
illustrated in Figures 4 to 8. Each of them describes the
evolution of a quantity characteristic of operation of the
pump 1 as a function of an angle of rotation of the input
shaft IS, designated by CAIS. In greater detail:

- the diagram of Figure 4 comprises three distinct
curves describing the plot of the position S of each
piston (P1, P2, P3, respectively) expressed as per-
centage of the total stroke (designated by SMAX); for
this reason each curve is labelled with the same ref-
erence number as that of the corresponding piston;

- the diagram of Figure 5 comprises three curves that
describe an opening DVL of each of the delivery
valves 26, 28, 30 (expressed as percentage of a
maximum opening value DVLMAX); for this reason,
each of the curves is labelled with the same refer-
ence number as that used for the corresponding de-
livery valve;

- the diagram of Figure 6 comprises three curves that
describe the plot of a flowrate QDV (expressed as
percentage of a maximum flowrate value QDV,MAX)
through the delivery valves 26, 28, 30, respectively;
for this reason each curve is labelled with the same
reference number as that used for the corresponding
delivery valve;

- the diagram of Figure 7 illustrates the plot of the pres-
sure within the common rail CR, designated by pCR
(expressed as percentage of the threshold pressure
pREF), which is moreover substantially equal to the
pressure on the delivery port 4; and

- the diagram of Figure 8 illustrates the plot of an in-
stantaneous flowrate QP through the delivery port 4
(i.e., the flowrate delivered to the common rail CR).

[0061] Each piston P1, P2, P3 describes a working cy-
cle comprising five phases, in a way identical to what was
described previously for the piston P. Each piston P1,
P2, P3 varies, with its reciprocating motion, the volume
of the fluid chamber defined with the corresponding cyl-
inder 20, 22, 24 and is movable between a top dead cen-
tre TDC and a bottom dead centre BDC.
[0062] The angular range of observation has been cho-
sen in such a way as to have an origin coinciding with
the top dead centre TDC of the piston P1 and in such a
way as to cover a number of work cycles sufficient for
describing a transition from a full-flowrate operating con-
dition to a operating condition in a flowrate-regulation re-
gime.
[0063] Starting from the origin of the axes of the dia-
gram of Figure 4, the piston P1 is in a position corre-
sponding to the top dead centre TDC, where the reflux
phase starts, which in these conditions is due to the in-
ertia of the delivery valve that causes delayed closing
thereof with respect to the top dead centre TDC. This is
followed by the expansion phase, during which the piston
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P1 descends to the bottom dead centre BDC, causing a
pressure drop within the cylinder 20. When said pressure
reaches a value lower than the one inside the low-pres-
sure environment LPE, the intake valve 14 opens, with
consequent entry of fluid into the cylinder 20 from the
low-pressure environment LPE through the first manifold
channel 6 and the first intake channel 8.
[0064] The intake phase terminates substantially when
the piston P1 reaches the bottom dead centre BDC. At
this point the intake valve 14 closes, isolating the volume
20 from the low-pressure line 8, after which rising of the
piston to the top dead centre TDC causes the pressuri-
zation (compression phase) of the fluid within the cylinder
20. It should be noted, with reference to Figure 6, that
the flowrate through the delivery valve 26 is zero during
the compression phase.
[0065] The pressurization of the fluid in the cylinder 20
causes the opening of the delivery valve 26, with the mo-
dalities described in what follows (the delivery phase
starts).
[0066] The delivery valve 26 is subject to the action of
the first driving line U1 and of the second driving line CV1,
and of the possible third driving line D1. The driving line
U1 conveys, on the corresponding influence area, a pres-
sure signal substantially corresponding to the pressure
in the cylinder 20 (designated in what follows by p20 -
likewise, p22 and p24 will be used for the cylinders 22,
24); namely, it substantially conveys information regard-
ing a delivery pressure of the cylinder 20 immediately
downstream thereof and upstream of the corresponding
delivery valve 26.
[0067] The driving line CV1 conveys on the corre-
sponding influence area a pressure signal corresponding
to the pressure inside the control volume CV, designated
in what follows by pCV.
[0068] The driving line D1, if present, conveys on the
corresponding influence area a pressure signal corre-
sponding to the pressure that is exerted on the delivery
port 4, which in this case is substantially equal to the
pressure within the common rail CR, designated in what
follows by pCR. The common rail CR is in fact hydraulically
connected to the delivery port 4, which is in turn hydrau-
lically connected to the delivery line 32 by means of the
second manifold channel 38.
[0069] It should be noted that the actuation force as-
sociated to the hydraulic driving line D1 can be the result,
in some embodiments, of the geometry of the delivery
valve that offers to the fluid within it an influence area by
means of which it is possible to exert a force on the mobile
element of the delivery valve itself.
[0070] The control volume CV is in this operating con-
dition a stagnant environment, in so far as there is no
passage of flow through the hydraulic control line 39 since
the control valve 42 is in a position of complete closing.
[0071] In this way, there is a static transmission of pres-
sure between the common rail CR and the control volume
CV, since the choke 40 does not introduce any pressure
drop, there not being a significant passage of flow through

it and to the control volume CV.
[0072] This means that the pressure pCV is equal to
the pressure pCR; consequently, the pressure signal
transmitted by the driving line CV1 is identical to the pres-
sure signal transmitted by the driving line D1.
[0073] In effect, in conditions of full-flowrate operation,
the delivery valve 26 can be assimilated to a conventional
non-return valve; i.e., the delivery valve 26 remains open
until the pressure within the cylinder 20 (p20) exceeds
the pressure pCV (which is equal, in these conditions, to
the pressure pCR) by an amount sufficient to overcome
the action of contrast of the elastic element S1, which
can be expressed, as is known, by means of an equiva-
lent pressure. In other words, the difference between the
pressure p20 and the equivalent pressure associated to
the elastic element S1 must be equal to or higher than
the pressure pCR.
[0074] The operation of the delivery valves 28, 30 is
the same; of course the events described above are
phase shifted with respect to the ones that involve the
delivery valve 26 on account of the timing of the pistons
P1, P2, P3 set by the cams C1, C2, C3.
[0075] With reference to Figure 5, it may moreover be
noted graphically how the opening of the delivery valves
26, 28, 30 occurs.
[0076] Opening of each delivery valve starts at the end
of the compression phase performed by the correspond-
ing piston, and terminates a few instants after the top
dead centre TDC, at the end of the reflux phase.
[0077] Once the first working cycles of the angular
range considered for this description are completed, the
pressure pCR has undergone an increase such that it is
very close to the threshold pressure pREF (Figure 7).
[0078] Basically, the excess flowrate delivered by the
pump 1 to the common rail CR is not consumed by the
injectors connected thereto and results in an accumula-
tion of fluid that raises the level of pressure within the
common rail CR and, ultimately, on the delivery port 4.
[0079] The overstepping of the threshold pressure
pREF occurs, with reference to Figures 4 to 8 and in par-
ticular to Figure 7, at an angle of rotation CAIS,R. In the
example presented in the diagrams of Figures 4 to 8 the
angle CAIS,R falls within the delivery phase of the piston
P3.
[0080] The overstepping of the threshold pressure
pREF within the common rail CR is detected, in this em-
bodiment, by the electronic control unit 46 by pressure-
sensor means of a known type operatively connected
thereto and installed on the common rail CR (a schematic
functional representation of the operative connection be-
tween said sensor means and the control unit 46 is rep-
resented by a dashed and dotted line joining the control
unit 46 and the common rail CR and designated by the
reference PRS). In said condition, the control unit 46
hence controls an actuation of the solenoid 44 that caus-
es the opening of the control valve 42.
[0081] In the above situation, a flow passage is set up
in the control line 39 from the delivery port 4 to the control
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volume CV through the choke 40 and from the control
volume CV to the manifold channel 6 through the return
line 43. The flow passage through the choke 40 causes
a descent of the value of the pressure pCV certainly below
the value of the pressure pCR since on account of the
flow passage through the choke 40 a pressure drop is
induced into the fluid, which upstream of the choke has
precisely the pressure pCR.
[0082] The presence of the choke 40 enables said reg-
ulation to be obtained by draining flowrates that are very
small as compared to the ones processed by the pump,
to the advantage of the hydraulic efficiency of the pump
itself.
[0083] When the pressure pCR in the common rail CR
exceeds the threshold pressure pREF, the control assem-
bly of the pump 1 controls the valve 42 so as to prevent
the pressure pCV in the control volume CV from exceed-
ing the pressure pREF. In other words, the control valve
42 is arranged, once the threshold pressure pREF in a
user connected to the delivery port 4 of the pump 1 (in
this case, the common rail CR) is exceeded, for regulating
the pressure in the control volume CV, limiting it to a
value at the most equal to pREF.
[0084] In general, any known means designed to reg-
ulate the pressure in the control volume CV, preventing
the rising thereof beyond a threshold value (pREF, in the
case in subject) can be used for implementing the regu-
lation mechanism described herein.
[0085] The delivery valve 30 is always subject to the
action of the hydraulic driving lines U3, D3 (if present)
and CV3, but now the pressure signal conveyed onto the
valve 30 by the driving line CV3 is lower than the one
conveyed by the driving lines U3 (and D3, if present),
which are always equal to the pressure pCR. The condi-
tions for equilibrium of the delivery valve 3 hence change
and are such that it remains open even when the pressure
p24 drops below the pressure in the delivery environment
(pCR). In other words, the delivery valve 30 is kept in the
open position also during at least part of the descent
phase of the piston P3.
[0086] This causes a reflux of fluid from the delivery
port 4 to the cylinder 24, causing, in the last analysis, a
reduction of the pressure pCR within the common rail CR
on account of the reduction of the accumulation of fluid.
[0087] When the pressure in the common rail CR
reaches the level of pressure existing in the control vol-
ume CV (i.e., pREF) the delivery valve 30 closes, and in
the corresponding cylinder 24 the phase of expansion of
the fluid contained therein starts, followed by the intake
phase.
[0088] Hence, the control assembly of the pump 1 is
substantially arranged for keeping the delivery valve 30
(and, with the due timing, the delivery valves 26, 28) in
the open position also following upon the delivery phase,
i.e., during at least part of the descent phase of the piston
P3, by regulation of the pressure pCV (associated to the
driving lines CV1, CV2, CV3), in particular by limitation
of the pressure pCV to the value of the threshold pressure

pREF if said threshold pressure pREF is exceeded in a
user (in this case, the common rail CR) hydraulically con-
nected to the delivery port 4.
[0089] In brief, the regulation system proposed herein
is such that in conditions of full-flowrate operation each
delivery valve remains open for a little less than half of
the working cycle, basically corresponding to the delivery
phase (the reflux phase is substantially negligible). In reg-
ulation conditions, instead, the instant of closing is de-
cidedly delayed, and this results in an additional angular
range of opening, where there is witnessed an increase
in the reflux of flowrate through the delivery valve 30
(points of the curve with negative ordinates), which indi-
cates the occurrence of a considerable reflux of fuel back
into the cylinder 24.
[0090] During this phase, as described previously, the
fluid returns to the pump the excess work of compression
performed in the preceding delivery phase, thus guaran-
teeing a good level of energy efficiency of the entire sys-
tem.
[0091] Of course, with due timing, the same applies to
the delivery valves 26 and 28. Basically, the regulation
of the flowrate sent by the pump 1 is obtained by reflux
of fluid (in particular fuel) to the delivery of each piston.
[0092] With reference to Figure 7, it should moreover
be noted that the regulation strategy described herein
functions on the condition of tolerating an overpressure
in the common rail CR (or in general in a user connected
to the delivery port 4). Simplifying the treatment (it is im-
portant for the purposes of this description to understand
what are the physical quantities involved), the maximum
overpressure that is to be withstood is equal to:

where:
∆p is the overpressure in the common rail CR
Vcyl is the unit displacement of the pump
Vrail is the internal volume of the common rail CR E is
the elasticity modulus of the fluid
[0093] Finally, with reference to Figure 8, illustrated
therein is the curve of instantaneous flowrate QP deliv-
ered by the pump 1 through the delivery port 4 plotted
as a function of the angle CAIS. The values of flowrate
QP are expressed as percentage of a maximum flow-rate
value designated by QP,MAX. There should be noted, as
on the other hand has already been pointed out as re-
gards Figure 6, a marked increase in the angular ranges
(referred to the angle CAIS,R) , where the values of flow-
rate have a negative sign, i.e., where a reversal of flow
and a return of fluid to the cylinder (or cylinders) opera-
tively associated to the delivery valve in regulation occur.
[0094] The pump 1 according to the present invention
hence presents a series of considerable advantages over
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pumps of a known type.
[0095] In the first place, the pump 1 enables the elim-
ination of the need for expensive regulations by lamina-
tion at the delivery or for dangerous regulations by lam-
ination at the intake, which are the source of problems
connected to cavitation in the fluid induced thereby.
[0096] Furthermore, the control assembly of the pump
1 is easy to manage and moreover enables regulation of
the threshold pressure within the common rail CR in a
simple way by acting on the calibration/threshold of open-
ing of the control valve 42.
[0097] The flowrate consumed by the control system
is moreover very small and substantially negligible as
compared to the one typically processed by the pump 1,
which minimizes the impact of the operation of the control
system on the operation of the pump 1 itself.
[0098] Of course, the details of construction and the
embodiments may vary widely with respect to what is
described and illustrated herein by way of non-limiting
example, as defined by the annexed claims.

Claims

1. A hydraulic pump (HP; 1), in particular a fuel pump,
comprising:

- an intake port (IP; 2),
- a delivery port (DP; 4), arranged for hydraulic
connection to a user (U; CR),
- at least one cylinder (CY; 20, 22, 24), movable
within which is a corresponding piston (P; P1,
P2, P3), said piston having, during the operation
of the pump (HP, 1), a reciprocating motion be-
tween a top dead centre (TDC) and a bottom
dead centre (BDC),
- a delivery valve (DV; 26, 28, 30) for each cyl-
inder (CY; 20, 22, 24) hydraulically connected
thereto, movable between a closed position and
an open position, wherein in said open position
said delivery valve (DV; 26, 28, 30) is arranged
for enabling a flow of fluid between said cylinder
(CY; 20, 22, 24) and said delivery port (DP; 4),
and wherein in said closed position said delivery
valve (DV; 26, 28, 30) is arranged for blocking
a flow of fluid between said cylinder (CY; 20, 22,
24) and said delivery port (DP; 4),

the pump (HP, 1) being characterized in that it com-
prises a regulation assembly (R; 39, 40, 42, 43, 44,
46) which, when a threshold pressure (pREF) in a
user (U; CR) hydraulically connected to said delivery
port (DP; 4) is exceeded, is arranged for keeping
said delivery valve (DV, 26, 28, 30) in said open po-
sition during at least part of a movement of said pis-
ton from said top dead centre (TDC) to said bottom
dead centre (BDC) and enabling a reflux of fluid from
said delivery port (4, DP) to said cylinder (20, 22, 24).

2. The hydraulic pump (1) according to Claim 1, char-
acterized in that said delivery valve (26, 28, 30) is
controlled by means of hydraulic driving lines (U1,
U2, U3; D1, D2, D3; CV1, CV2, CV3).

3. The hydraulic pump (1) according to Claim 2, char-
acterized in that said regulation assembly (R; 39,
40, 42, 43, 44, 46) comprises:

- a control volume (CV) in fluid communication
with said delivery port (4) by means of a hydrau-
lic control line (39), set on which is a choke (40);
and
- a control valve (42), which is arranged for reg-
ulating a pressure (pCV) in said control volume
(CV) and can be actuated for enabling a fluid
communication between said control volume
(CV) and said intake port (2),
wherein said choke (40) is set hydraulically up-
stream of said control volume (CV).

4. The hydraulic pump (1) according to Claim 3, char-
acterized in that said hydraulic driving lines com-
prise:

- a first hydraulic driving line (U1, U2, U3) that
conveys on said delivery valve (26, 28, 30) a
pressure signal substantially corresponding to
a pressure (p20, p22, p24) in said at least one
cylinder (20, 22, 24),
- a second hydraulic driving line (CV1, CV2,
CV3) that conveys on said delivery valve (26,
28, 30) a pressure signal substantially corre-
sponding to a pressure (pCV) inside said control
volume (CV).

5. The hydraulic pump (1) according to Claim 4, char-
acterized in that said control valve (42) is arranged
for limiting the pressure (pCV) in said control volume
(CV) substantially to the value of said threshold pres-
sure (pREF) upon overstepping of said threshold
pressure (pREF) in a user (U; CR) hydraulically con-
nected to said delivery port (DP; 4).

6. The hydraulic pump (1) according to any of Claims
2 to 5, characterized in that said delivery valve (26,
28, 30) comprises a third hydraulic driving line (D1,
D2, D3) that conveys on said delivery valve (26, 28,
30) a pressure signal substantially corresponding to
a pressure (pCR) on said delivery port (4), wherein
said third hydraulic driving line (D1, D2, D3) is ar-
ranged for bringing said delivery valve (26, 28, 30)
into said open position.

7. The hydraulic pump (1) according to Claim 6, char-
acterized in that said second hydraulic driving line
(CV1, CV2, CV3) acts on an influence area equal to
the sum of respective influence areas on which said
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first (U1, U2, U3) and third (D1, D2, D3) hydraulic
driving lines act.

8. The hydraulic pump (1) according to Claim 3, char-
acterized in that said control valve (42) is controlled
by means of an electronic control unit (46) arranged
for co-operating with sensor means for detecting the
pressure in a user (U; CR) connected to said delivery
port (4).

9. The hydraulic pump (1) according to any one of the
preceding claims, characterized in that it compris-
es a first piston (P1), a second piston (P2), and a
third piston (P3), which are operatively associated,
respectively, to a first delivery valve (26), a second
delivery valve (28), and a third delivery valve (30),
wherein said first, second and third pistons (P1, P2,
P3) are driven with reciprocating motion through an
input shaft (IS) of said hydraulic pump (1).

Amended claims in accordance with Rule 137(2)
EPC.

1. A hydraulic pump (HP; 1), in particular a fuel pump,
comprising:

- an intake port (IP; 2),
- a delivery port (DP; 4), arranged for hydraulic
connection to a user (U; CR),
- at least one cylinder (CY; 20, 22, 24), movable
within which is a corresponding piston (P; P1,
P2, P3), said piston having, during the operation
of the pump (HP, 1), a reciprocating motion be-
tween a top dead centre (TDC) and a bottom
dead centre (BDC),
- a delivery valve (DV; 26, 28, 30) for each cyl-
inder (CY; 20, 22, 24) hydraulically connected
thereto, movable between a closed position and
an open position, wherein in said open position
said delivery valve (DV; 26, 28, 30) is arranged
for enabling a flow of fluid between said cylinder
(CY; 20, 22, 24) and said delivery port (DP; 4),
and wherein in said closed position said delivery
valve (DV; 26, 28, 30) is arranged for blocking
a flow of fluid between said cylinder (CY; 20, 22,
24) and said delivery port (DP; 4), wherein dur-
ing the operation of the pump (HP, 1) said de-
livery valve is in said open position during a por-
tion of the movement of said piston from the bot-
tom dead centre (BDC) to the top dead centre
(TDC) and closes after the top dead centre
(TDC) of the reciprocating motion of the piston
(P; P1, P2, P3),the pump (HP, 1) being charac-
terized in that it comprises a regulation assem-
bly (R; 39, 40, 42, 43, 44, 46) which, when a
threshold pressure (pREF) in a user (U; CR) hy-
draulically connected to said delivery port (DP;

4) is exceeded, is arranged for keeping said de-
livery valve (DV, 26, 28, 30) in said open position
during at least part of a movement of said piston
from said top dead centre (TDC) to said bottom
dead centre (BDC), thereby delaying the closure
of the delivery valve (DV, 26, 28, 30) and ena-
bling a reflux of fluid from said delivery port (4,
DP) to said cylinder (20, 22, 24).

2. The hydraulic pump (1) according to Claim 1,
characterized in that said delivery valve (26, 28,
30) is controlled by means of hydraulic driving lines
(U1, U2, U3; D1, D2, D3; CV1, CV2, CV3) .

3. The hydraulic pump (1) according to Claim 2,
characterized in that said regulation assembly (R;
39, 40, 42, 43, 44, 46) comprises:

- a control volume (CV) in fluid communication
with said delivery port (4) by means of a hydrau-
lic control line (39), set on which is a choke (40);
and
- a control valve (42), which is arranged for reg-
ulating a pressure (pCV) in said control volume
(CV) and can be actuated for enabling a fluid
communication between said control volume
(CV) and said intake port (2) ,

wherein said choke (40) is set hydraulically upstream
of said control volume (CV).

4. The hydraulic pump (1) according to Claim 3,
characterized in that said hydraulic driving lines
comprise:

- a first hydraulic driving line (U1, U2, U3) that
conveys on said delivery valve (26, 28, 30) a
pressure signal substantially corresponding to
a pressure (p20, p22, p24) in said at least one
cylinder (20, 22, 24) ,
- a second hydraulic driving line (CV1, CV2,
CV3) that conveys on said delivery valve (26,
28, 30) a pressure signal substantially corre-
sponding to a pressure (pCV) inside said control
volume (CV).

5. The hydraulic pump (1) according to Claim 4,
characterized in that said control valve (42) is ar-
ranged for limiting the pressure (pCV) in said control
volume (CV) substantially to the value of said thresh-
old pressure (PREF) upon overstepping of said
threshold pressure (pREF) in a user (U; CR) hydrau-
lically connected to said delivery port (DP; 4).

6. The hydraulic pump (1) according to any of Claims
2 to 5, characterized in that said delivery valve (26,
28, 30) comprises a third hydraulic driving line (D1,
D2, D3) that conveys on said delivery valve (26, 28,
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30) a pressure signal substantially corresponding to
a pressure (pCR) on said delivery port (4), wherein
said third hydraulic driving line (D1, D2, D3) is ar-
ranged for bringing said delivery valve (26, 28, 30)
into said open position.

7. The hydraulic pump (1) according to Claim 6,
characterized in that said second hydraulic driving
line (CV1, CV2, CV3) acts on an influence area equal
to the sum of respective influence areas on which
said first (U1, U2, U3) and third (D1, D2, D3) hydrau-
lic driving lines act.

8. The hydraulic pump (1) according to Claim 3,
characterized in that said control valve (42) is con-
trolled by means of an electronic control unit (46)
arranged for co-operating with sensor means for de-
tecting the pressure in a user (U; CR) connected to
said delivery port (4).

9. The hydraulic pump (1) according to any one of
the preceding claims, characterized in that it com-
prises a first piston (P1), a second piston (P2), and
a third piston (P3), which are operatively associated,
respectively, to a first delivery valve (26), a second
delivery valve (28), and a third delivery valve (30),
wherein said first, second and third pistons (P1, P2,
P3) are driven with reciprocating motion through an
input shaft (IS) of said hydraulic pump (1).
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