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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for
controlling a direct injection system of the common-rail
type.

PRIOR ART

[0002] In a direct injection system of the common-rail
type, a high pressure pump receives a flow of fuel from
a tank by means of a low pressure pump and feeds the
fuel to a common rail, hydraulically connected to a plu-
rality of injectors. The pressure of the fuel inside the com-
mon rail is to be constantly controlled according to the
engine point either by varying the instantaneous delivery
of the high pressure pump or by constantly feeding an
excess of fuel to the common rail and discharging the
excess fuel from the common rail itself by means of a
regulating valve. The solution of regulating the instanta-
neous delivery of the high pressure pump is generally
preferred, because it has a much better energy efficiency
and does not result in fuel overheating.
[0003] In order to regulate the instantaneous delivery
of the high pressure pump, a solution has been suggest-
ed, of the type disclosed in patent application
EP0481964A1 or in patent US6116870A1, which de-
scribe the use of a variable delivery high pressure pump
capable of feeding to the common rail only the amount
of fuel needed to maintain the fuel pressure inside the
common rail equal to the desired value; in particular, the
high pressure pump is provided with an electromagnetic
actuator capable of varying the delivery of the high pres-
sure pump instant-by-instant, by varying the closing in-
stant of an intake valve of the high pressure pump itself.
[0004] Alternatively, in order to regulate the instanta-
neous delivery of the high pressure pump, the insertion
of a delivery regulating device upstream of the pumping
chamber has been suggested, comprising a continuously
variable-section bottleneck, which bottleneck is control-
led according to the pressure required inside the common
rail.
[0005] However, both the above-described solutions
for regulating the instantaneous delivery of the high pres-
sure pump are mechanically complex and therefore cost-
ly. Furthermore, the delivery regulating device compris-
ing a variable section bottleneck has a small passage
section in case of small deliveries, and such a small pas-
sage section determines a high local pressure loss (local
load loss), which may compromise the correct operation
of an intake valve which regulates the fuel intake into a
pumping chamber of the high pressure pump.
[0006] For this reason, a solution of the type disclosed
in patent application EP1612402A1 has been suggested,
which relates to a high pressure pump comprising a
number of pumping elements operated in reciprocating
motion by means of corresponding intake and delivery

strokes, and in which each pumping element is provided
with a corresponding intake valve in communication with
an intake duct fed by a low pressure pump. On the intake
duct, an on-off valve is arranged which is controlled in a
chopped manner for regulating the instantaneous deliv-
ery of fuel fed to the high pressure pump; in other words,
the on-off valve is a valve of the open/closed type, which
is controlled by modifying the ratio between the opening
time and the closing time, so as to regulate the instanta-
neous delivery of fuel fed to the high pressure pump.
Thereby, the on-off valve always has an effective, wide
passage section, which does not determine an appreci-
able local pressure loss (local load loss).
[0007] However, the on-off valve is costly, because it
should have very fast response times (i.e. opening/clos-
ing times), it should be free from "rebound" phenomena
when opening and closing, and should ensure perfect
sealing without leakages when in the closing position.
[0008] Patent application DE19731201A1 represents
the closest prior art and discloses a method for controlling
a direct injection system of the common-rail type accord-
ing to the pre-characterizing portion of independent claim
1.

DESCRIPTION OF THE INVENTION

[0009] It is the object of the present invention to provide
a method for controlling a direct injection system of the
common-rail type, which control method is free from the
above-described drawbacks, and in particular is easy
and cost-effective to be implemented.
[0010] According to the present invention, a method
for controlling a direct injection system of a common-rail
type is provided as claimed in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention will now be described
with reference to the accompanying drawings, which il-
lustrate a non-limitative embodiment thereof, in which:

- figure 1 is a diagrammatic view of an injection system
of the common-rail type which implements the con-
trol method of the present invention;

- figure 2 is a diagrammatic view of an electrically ac-
tuated, low pressure pump of the injection system in
figure 1;

- figure 3 is a block diagram of a control logic of the
low pressure pump in figure 2; and

- figure 4 is a block diagram of a variant of the control
logic in figure 3.

PREFERRED EMBODIMENTS OF THE INVENTION

[0012] In figure 1, numeral 1 indicates as a whole a
common-rail type system for direct fuel injection into an
internal combustion engine 2 provided with four cylinders
3. The injection system 1 comprises four injectors 4, each
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of which has a hydraulic needle actuation system (i.e.
the needle actuation is hydraulically servo-assisted) and
is adapted to directly inject the fuel into a respective cyl-
inder 3 of engine 2 and to receive the pressurized fuel
from a common rail 5.
[0013] System 1 comprises a high pressure pump 6
which feds fuel to the common rail 5 by means of a de-
livery duct 7 and is directly actuated by a driving shaft of
engine 2 by means of a mechanical transmission with an
actuation frequency being directly proportional to the ro-
tation speed of the driving shaft. The high pressure pump
6 is fed in turn by a low pressure pump 8 of volumetric
type by means of a duct 9 of the high pressure pump 6.
The low pressure pump 8 is arranged inside a fuel tank
10, into which a recirculation duct 11 for the excess fuel
of the injection system 1 leads, which duct receives the
excess fuel from the injectors 4, from a mechanical pres-
sure safety valve 12 which is hydraulically coupled to the
common rail 5, and from a lubrication duct of the high
pressure pump 6 (into which the fuel used to lubricate
the high pressure pump 6 is discharged). The pressure
safety valve 12 is calibrated to automatically open when
the fuel pressure Prail in the common rail 5 exceeds a
safety value which ensures the tightness and safety of
the injection system 1.
[0014] Each injector 4 is adapted to inject a variable
amount of fuel into the corresponding cylinder 3 under
the control of an electronic control unit 14. As previously
mentioned, injectors 4 have a hydraulic needle actuation
and are thus connected to the recirculation duct 11, which
has a pressure slightly higher than ambient pressure,
and leads upstream of the low pressure pump 8 directly
into the tank 10. For its actuation, i.e. for injecting fuel,
each injector 4 absorbs a certain amount of pressurized
fuel, which is discharged into the recirculation duct 11.
[0015] According to a preferred embodiment, between
the recirculation duct 11 and the tank 10 there is a recir-
culation valve 13, which is a one-way valve (i.e. only al-
lows a flow of fuel into the tank 10), is entirely passive
(i.e. free from controllable actuators), and is calibrated
to open when the pressure difference at its ends is higher
than a predetermined intervention threshold value. By
virtue of the presence of the recirculation valve 13, the
pressure of the fuel inside the recirculation duct 11 re-
mains, in use, approximately equal to a predetermined
value (typically between 1.3 and 1.8 bars) depending on
the intervention threshold value of the recirculation valve
13 itself; thereby, the control of the injectors 4 is simpler,
as the fuel pressure inside the recirculation duct 11 is
constant (stable) and known (i.e. the fuel pressure differ-
ence at the ends of the injectors 4 is constant and known).
[0016] The electronic control unit 14 is connected to a
pressure sensor 15, which detects the actual fuel pres-
sure Prail inside the common rail 5 and, according to the
actual fuel pressure Prail inside the common rail 5, feed-
back controls the delivery of the low pressure pump 8;
thereby, the actual fuel pressure Prail inside the common
rail 5 is maintained equal to a desired pressure Prailref

which generally varies over time according to the engine
point (i.e. according to the operating conditions of the
internal combustion engine 2). Furthermore, the elec-
tronic control unit 14 is connected to a pressure sensor
16, which detects the actual pressure PfuelLP of the fuel
inside the duct 9 (and thus between the delivery of the
low pressure pump 8 and the intake of the high pressure
pump 6) and immediately upstream of the high pressure
pump 6.
[0017] In other words, the electronic control unit 14 de-
termines the desired pressure Prailref of the fuel inside
the common rail 5 according to the engine point, and thus
regulates the delivery of the low pressure pump 8 towards
the high pressure pump 6 to pursue the desired fuel pres-
sure Prailref inside the common rail 5 and so as to obtain
a corresponding regulation of the delivery of the high
pressure pump 6 towards the common rail 5. By regulat-
ing (varying) the delivery of the low pressure pump 8
towards the high pressure pump 6 (and thus by regulating
the delivery of the high pressure pump 6 towards the
common rail 5), the electronic control unit 14 pursues the
desired fuel pressure Prailref inside the common rail 5.
[0018] As shown in figure 2, the low pressure pump 8
is actuated by an electric motor 17, which is controlled
by an electronic device comprising an electronic power
converter 18, which is powered from a battery (not
shown) of the vehicle. According to a preferred embod-
iment, the electric motor 17 is provided with a speed sen-
sor 19, which measures the actual rotation speed ωP of
the electric motor 17 and thus of the low pressure pump
8. It is worth noting that the low pressure pump 8 is of
the volumetric type, and therefore the delivery of the low
pressure pump 8 towards the high pressure pump 6 is
directly proportional to the actual rotation speed ωP of
the electric motor 17, and thus of the low pressure pump
8.
[0019] According to a preferred embodiment, the elec-
tronic power converter 18 is arranged close to tank 10
(i.e. close to the electric motor 17 which is integrated and
forms a unit with the low pressure pump 8), and thus is
physically separate from the electronic control unit 14;
therefore, the electronic control unit 14 is connected to
the electronic power converter 18 by means of a data
line (e.g. the vehicle BUS working according to CAN (Car
Area Network) protocol). Such a design choice avoids
the transmission along the vehicle (the electronic control
unit 14 is accommodated in the engine compartment,
thus in frontal position, while the fuel tank 10 is arranged
on the rear axle) of electric current of relatively high in-
tensity (e.g. up to 15-20 A transient) and with a rather
rapid frequency variation (up to several tens of Hertz),
which would radiate a considerable amount of electro-
magnetic interferences throughout the vehicle. As a con-
structional variant, the electronic power converter 18 is
completely integrated with the electric motor 17 and the
low pressure pump 8, i.e. forms an indivisible unit with
the electric motor 17 and the low pressure pump 8.
[0020] The control logic of the injection system 1 im-
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plemented in the electronic control unit 14 is illustrated
below with reference to figure 3.
[0021] The electronic control unit 14 comprises a cal-
culation block 20, which determines the desired pressure
Prailref of the fuel inside the common rail 5 according to
the engine point, and in particular according to a rotation
speed ωE of the internal combustion engine 2, to a load
LE of the internal combustion engine 2, to a temperature
TH2O of a coolant of the internal combustion engine 2,
and to a temperature of the fuel Tfuel inside the tank 10
(or, alternatively, in other points of the low pressure fuel
circuit or of the high pressure fuel circuit). The calculation
block 20 may implement an experimentally determined
model of engine 2 and/or an experimentally determined
map.
[0022] A desired delivery Qref of the high pressure
pump 6 towards the common rail 5 is determined down-
stream of the calculation block 20, according to the de-
sired pressure Prailref of the fuel inside the common rail
5; as described below, the desired delivery Qref of the
high pressure pump 6 towards the common rail 5 is used
to control the low pressure pump 8. In particular, a reg-
ulator 21 determines an open loop contribution QOL ac-
cording to the desired pressure Prailref of the fuel inside
the common rail 5, to the rotation speed ωE of the internal
combustion engine 2, and to the load LE of the internal
combustion engine 2. Moreover, a closed loop contribu-
tion QCL is determined according to a pressure error εr
calculated by making the difference between the desired
pressure Prailref of the fuel inside the common rail 5 and
the actual pressure Prail of the fuel inside the common
rail 5 (measured by pressure sensor 15); in particular,
the closed loop contribution QCL is determined by a reg-
ulator 22 (typically of PID type), which takes into account
the rotation speed ωE of the internal combustion engine
2 and the load LE of the internal combustion engine 2.
[0023] Downstream of the regulators 21 and 22, the
closed loop contribution QCL is algebraically added (i.e.
the sign being taken into account) to the open loop con-
tribution QOL to obtain the desired delivery Qref of the
high pressure pump 6 towards the common rail 5. The
function of the closed loop contribution QCL is to pursue
the desired pressure Prailref of the fuel inside the common
rail 5 by means of a classic feedback control; instead,
the function of the open loop contribution QOL is to an-
ticipate the future variation of the desired pressure Prailref
of the fuel inside the common rail 5 so as to increase the
control response promptness.
[0024] A calculation block 23 determines a desired
pressure PfuelLPref of the fuel (immediately) upstream of
the high pressure pump 6 according to the desired
delivery Qref of the high pressure pump 6 towards the
common rail 5; as described below, the desired pressure
PfuelLPref of the fuel upstream of the high pressure pump
6 is used to control the low pressure pump 8. In particular,
a pressure error is calculated εf by making the difference
between the desired pressure PfuelLPref of the fuel
upstream of the high pressure pump 6 and the actual

pressure PfuelLP of the fuel upstream of the high pressure
pump 6 (measured by the pressure sensor 16); the
pressure error εf is processed by a regulator 24 (typically
of PID type), which also takes into account the rotation
speed εE of the internal combustion engine 2 and the
load LE of the internal combustion engine 2, and
determines a desired speed ωPref of the low pressure
pump 8. In other words, the desired speed ωPref of the
low pressure pump 8 is determined by the regulator 24
according to the desired pressure PfuelLPref of the fuel
upstream of the high pressure pump 6 (or more precisely
according to the pressure error εf, which depends on the
desired pressure PfuelLPref of the fuel upstream of the
high pressure pump 6), to a rotation speed ωE of the
internal combustion engine 2, and to a load LE of the
internal combustion engine 2.
[0025] The low pressure pump 8 is controlled accord-
ing to the desired speed ωPref of the low pressure pump
8; in particular, a speed error εr is calculated by making
the difference between the desired speed ωPref of the low
pressure pump 8 and the actual speed ωp of the low pres-
sure pump 8 (measured by the speed sensor 19). There-
by, the low pressure pump 8 is feedback controlled using
the actual speed ωp of the low pressure pump 8 as a
feedback variable.
[0026] Regulators 21, 22 and 24 and calculation block
23 may implement experimentally determined models
and/or experimentally determined maps.
[0027] As shown in figure 3, it is apparent that there
are three feedback control loops: an internal feedback
control loop 25, which uses the actual speed ωp of the
low pressure pump 8 as a feedback variable, an inter-
mediate feedback control loop 26, which uses the actual
pressure PfuelLP of the fuel upstream of the high pressure
pump 6 as a feedback variable, and an external feedback
control loop 27, which uses the actual pressure Prail of
the fuel inside the common rail 5 as a feedback variable.
Moreover, inside the electronic power converter 18, a
further feedback control loop which uses the intensity (or
duty cycle) of an electric current supplied to the electric
motor 17 as a feedback variable, is normally present.
Typically, the electronic power converter 18 controls the
electric power supplied to the electric motor 17, thus al-
lowing the actual speed ωp of the low pressure pump 8
to be regulated by means of a PWM (Pulse Width Mod-
ulation) type technique, which includes chopping the
electric voltage applied to the electric motor 17 over time.
[0028] Experimental simulations and tests have shown
that the control logic illustrated in the diagram in figure 3
has a particularly high dynamic performance, i.e. the abil-
ity of rapidly and accurately pursuing the desired pres-
sure Prailref of the fuel inside the common rail 5, even in
the presence of sudden variations; hence, in all operating
conditions, the pressure error εr (i.e. the difference be-
tween the desired pressure Prailref of the fuel inside the
common rail 5 and the actual pressure Prail of the fuel
inside the common rail 5) is kepts at low, fully acceptable
values.
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[0029] According to the variant shown in figure 4, the
intermediate feedback control loop 26, which uses the
actual pressure PfuelLP of the fuel upstream of the high
pressure pump 6 as a feedback variable, is eliminated;
in this embodiment, regulator 24 determines the desired
speed ωPref of the low pressure pump 8 in open loop,
directly according to the desired delivery Qref of the high
pressure pump 6 towards the common rail 5. In particular,
regulator 24 determines the desired speed ωPref of the
low pressure pump 8 according to the desired delivery
Qref of the high pressure pump 6 towards the common
rail 5, to the rotation speed ωE of the internal combustion
engine 2, and to the load LE of the internal combustion
engine 2.
[0030] The control logic shown in the diagram in figure
4 is simpler than the control logic shown in the diagram
in figure 3, and does not require measuring the actual
fuel pressure PfuelLP upstream of the high pressure pump
6; however, the control logic shown in the diagram in
figure 4 has a lower dynamic performance (i.e. it is slower
in reacting to variations) than the control logic shown in
the diagram in figure 3.
[0031] The above-described mode of controlling the
injection system 1 has many advantages.
[0032] Firstly, the above-described mode of controlling
the injection system 1 is simpler and more cost-effective
to be implemented than a known control mode in which
an on-off valve arranged upstream of the high pressure
pump 6 is inlcuded; indeed, the industrial cost of an on-
off valve and of the corresponding control logic is higher
than the industrial cost of the control electronics of the
electric motor 17 of the low pressure pump 8 required by
the above-described control mode.
[0033] The above-described mode of controlling the
injection system 1 allows to rapidly and accurately pursue
the desired pressure Prailref of the fuel inside the common
rail 5 even in the presence of sudden variations; hence,
the above-described control mode substantially has the
same dynamic performance as a known control mode
including the presence of an on-off valve arranged up-
stream of the high pressure pump 6.
[0034] The above-described mode of controlling the
injection system 1 allows to increase the overall energy
efficiency, because in the above-described control mode,
the low pressure pump 8 is controlled to pump each time
only the amount of fuel needed to maintain the actual
pressure Prail of the fuel inside the common rail 5 equal
to the desired pressure Prailref, and thus when the engine
2 is not at maximum load (i.e. over nearly all the operating
time of engine 2), the fuel delivery of the low pressure
pump 8 is lower (even much lower) than its nominal fuel
delivery (corresponding to the full control voltage, e.g. 14
Volts). Instead, in the case of a known control mode in
which an on-off valve arranged upstream of the high pres-
sure pump 6 is included, the low pressure pump 8 is
controlled to pump the nominal fuel delivery at each in-
stant (and thus also when the engine 2 is idling); in this
case, the excess fuel pumped by the low pressure pump

8 (i.e. the fuel which is not pumped by the high pressure
pump 6 towards the common rail 5) is discharged into
the tank 10.
[0035] As previously mentioned, in the case of a known
control mode in which an on-off valve arranged upstream
of the high pressure pump 6 is included, the low pressure
pump 8 is controlled to pump the nominal fuel delivery
at each instant; therefore, the low pressure pump 8 and
the corresponding electric motor 17 should be dimen-
sioned to continuously work at nominal fuel delivery (de-
termined so as to be always in excess as compared to
the maximum possible consumption of the high pressure
pump 6). Instead, in the above-described control mode,
the low pressure pump 8 is controlled to pump each time
only the amount of fuel needed to maintain the actual
pressure Prail of the fuel inside the common rail 5 equal
to the desired pressure Prailref; therefore, the low pres-
sure pump 8 and the corresponding electric motor 17
may be dimensioned to continuously work at a fuel de-
livery which is much lower than nominal delivery (as pre-
viously defined), with an apparent cost saving and a re-
duction of weight and dimensions.
[0036] Finally, in the case of a known control mode in
which an on-off valve arranged upstream of the high pres-
sure pump 6 is inlcuded, a pressure regulating valve
should be integrated in the intake system of the high pres-
sure pump 6 itself; the integration of the pressure regu-
lating valve in the intake system of the high pressure
pump 6 is complex and thus costly due to the little avail-
able space inside the high pressure pump 6. Instead, in
the above-described control mode, the high pressure
pump 6 does not require the presence of any pressure
regulating valve in the intake system. With this regard, it
is worth noting that the recirculation valve 13 which reg-
ulates the re-introduction of fuel into the tank 10 and is
provided in the above-described control mode, is a com-
pletely passive valve, is calibrated to work at low pres-
sures (e.g. in the range from 1 to 2 bars), and is arranged
in a large environment without dimensional constraints;
therefore, the recirculation valve 13 is simple and cost-
effective to be implemented and assembled. In other
words, the installation of the recirculation valve 13 is sim-
pler and more cost-effective than the installation of a
pressure regulating valve in the intake system of the high
pressure pump 6, as required in a known control mode
in which an on-off valve arranged upstream of the high-
pressure pump 6 is included.

Claims

1. Method for controlling a direct injection system (1)
of common-rail type of an internal combustion engine
(2); the direct injection system (1) comprises: a fuel
tank (10), a low pressure pump (8) drawing the fuel
from the tank (10) and a high pressure pump (6) re-
ceiving the fuel from the low pressure pump (8) and
feeding the pressurized fuel into a common rail (5)
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connected to a number of injectors (4); the control
method comprises the steps of:

determining a desired pressure (Prailref) of the
fuel inside the common rail (5); and
regulating the delivery of the high pressure
pump (6) towards the common rail (5) to pursue
the desired pressure (Prailref) of the fuel inside
the common rail (5) ;
determining a desired delivery (Qref) of the high
pressure pump (6) towards the common rail (5)
according to the desired pressure (Prailref) of the
fuel inside the common rail (5); and
regulating the delivery of the low pressure pump
(8) towards the high pressure pump (6) by con-
trolling the low pressure pump (8) according to
the desired delivery (Qref) of the high pressure
pump (6) towards the common rail (5) to pursue
the desired pressure (Prailref) of the fuel inside
the common rail (5), so that a corresponding reg-
ulation of the delivery of the high pressure pump
(6) towards the common rail (5) can be obtained;
the control method is characterized in that it
comprises the further steps of:

determining a desired pressure (PfuelLPref)
of the fuel upstream of the high pressure
pump (6) according to the desired delivery
(Qref) of the high pressure pump (6) towards
the common rail (5); and
controlling the low pressure pump (8) ac-
cording to the desired pressure (PfuelLPref)
of the fuel upstream of the high pressure
pump (6).

2. Control method according to claim 1 and comprising
the further steps of:

measuring the actual pressure (Prail) of the fuel
inside the common rail (5);
determining a closed loop contribution (QCL) ac-
cording to a pressure error (εr) calculated by
making the difference between the desired pres-
sure (Prailref) of the fuel inside the common rail
(5) and the actual pressure (Prail) of the fuel in-
side the common rail (5);
determining an open loop contribution (QOL) ac-
cording to the desired pressure (Prailref) of the
fuel inside the common rail (5); and
determining the desired delivery (Qref) of the
high pressure pump (6) towards the common
rail (5) by adding algebraically the closed loop
contribution (QCL) and the open loop contribu-
tion (QOL).

3. Control method according to claim 2 and comprising
the further step of determining the open loop
contribution (QOL) according to the desired pressure

(Prailref) of the fuel inside the common rail (5), a
rotation speed (ωE) of the internal combustion engine
(2) and a load (LE) of the internal combustion engine
(2).

4. Control method according to claim 2 or 3 and com-
prising the further step of determining the closed loop
contribution (QCL) according to the pressure error
(εr), a rotation speed (ωE) of the internal combustion
engine (2) and a load (LE) of the internal combustion
engine (2).

5. Control method according to one of the claims from
1 to 4 and comprising the further steps of:

measuring the actual pressure (PfuelLP) of the
fuel upstream of the high pressure pump (6); and
controlling the low pressure pump (8) according
to a pressure error (εf) calculated by making the
difference between the desired pressure
(PfuelLPref) of the fuel upstream of the high
pressure pump (6) and the actual pressure
(PfuelLP) of the fuel upstream of the high pressure
pump (6).

6. Control method according to one of the claims from
1 to 4 and comprising the further steps of:

determining a desired speed (ωPref) of the low
pressure pump (8) according to the desired
pressure (PfuelLPref) of the fuel upstream of the
high pressure pump (6) ; and
controlling the low pressure pump (8) according
to the desired speed (ωPref) of the low pressure
pump (8).

7. Control method according to claim 6 and comprising
the further step of determining the desired speed
(ωPref) of the low pressure pump (8) according to the
desired pressure (PfuelLPref) of the fuel upstream of
the high pressure pump (6), a rotation speed (ωE) of
the internal combustion engine (2) and a load (LE)
of the internal combustion engine (2).

8. Control method according to claim 6 and comprising
the further steps of:

measuring the actual pressure (PfuelLP) of the
fuel upstream of the high pressure pump (6); and
determining the desired speed (ωPref) of the low
pressure pump (8) according to a pressure error
(εf) calculated by making the difference between
the desired pressure (PfuelLPref) of the fuel up-
stream of the high pressure pump (6) and the
actual pressure (PfuelLP) of the fuel upstream of
the high pressure pump (6).

9. Control method according to claim 8 and comprising
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the further step of determining the desired speed
(ωPref) of the low pressure pump (8) according to a
pressure error (εf), a rotation speed (ωE) of the inter-
nal combustion engine (2) and a load (LE) of the in-
ternal combustion engine (2).

10. Control method according to one of the claims from
6 to 9 and comprising the further steps of:

measuring the actual speed (ωp) of the low pres-
sure pump (8); and
controlling the low pressure pump (8) in feed-
back according to a speed error (εr) calculated
by making the difference between the desired
speed (ωPref) of the low pressure pump (8) and
the actual speed (ωp) of the low pressure pump
(8).

11. Control method according to one of the claims from
1 to 10, wherein the low pressure pump (8) is acti-
vated by an electric motor (17) fed by an electronic
power converter (18); the low pressure pump (8) is
controlled by regulating an electric current fed by the
electronic power converter (18) to the electric motor
(17).

12. Control method according to one of the claims from
1 to 11, wherein there is a recirculation duct (11)
which leads to the fuel tank (10) and receives the
excess of fuel from the injectors (4), from a mechan-
ical pressure safety valve (12) which is hydraulically
coupled to the common rail (5), and/or from a lubri-
cation duct of the high pressure pump (6); there is
one recirculation valve (13) which is arranged be-
tween the recirculation duct (11) and the tank (10),
is a one-way valve and is set to open when the dif-
ference in pressure at its ends is higher than a pre-
determined intervention threshold value.

Patentansprüche

1. Verfahren zur Regelung eines Common-Rail-Direk-
teinspritzsystems (1) eines Verbrennungsmotors
(2), wobei das Direkteinspritzsystem (1) folgendes
umfasst: einen Kraftstofftank (10), eine Niederdruck-
pumpe (8), die den Kraftstoff aus dem Tank (10) an-
saugt, und eine Hochdruckpumpe (6), die den Kraft-
stoff von der Niederdruckpumpe (8) empfängt und
den druckbeaufschlagten Kraftstoff in ein mit einer
Anzahl von Injektoren verbundenes Common-Rail
(5) fördert, wobei das Regelungsverfahren folgende
Schritte umfasst:

- Bestimmen des gewünschten Druckes (Prailref)
des Kraftstoffs in dem Common-Rail (5); und
- Regulieren der Förderung der Hochdruckpum-
pe (6) in das Common-Rail (5) zur Aufrechter-

haltung des gewünschten Druckes (Prailref) des
Kraftstoffs in dem Common-Rail (5);
- Bestimmen der gewünschten Förderung (Qref)
der Hochdruckpumpe (6) in das Common-Rail
(5) entsprechend dem gewünschten Druck
(Prailref) des Kraftstoffs in dem Common-Rail (5);
und
- Regulieren der Förderung der Niederdruck-
pumpe (8) zur Hochdruckpumpe (6) durch die
Steuerung der Niederdruckpumpe (8) entspre-
chend der gewünschten Förderung (Qref) der
Hochdruckpumpe (6) in das Common-Rail (5)
zur Aufrechterhaltung des gewünschten Dru-
ckes (Prailref) des Kraftstoffs in der Common-Rail
(5), so dass eine entsprechende Regulierung
der Förderung der Hochdruckpumpe (6) in das
Common-Rail (5) erreicht wird;

wobei das Regelungsverfahren dadurch gekenn-
zeichnet ist, das es folgende Schritte umfasst:

- Bestimmen eines gewünschten Druckes
(PfuelLpref) des Kraftstoffs vor der Hochdruck-
pumpe (6) entsprechend der gewünschten För-
derung (Qref) der Hochdruckpumpe (6) in das
Common-Rail (5); und
- Steuern der Niederdruckpumpe (8) entspre-
chend dem gewünschten Druck (PfuelLPref) des
Kraftstoffs vor der Hochdruckpumpe (6).

2. Regelungsverfahren nach Anspruch 1, das folgende
weitere Schritte umfasst:

- Messen des Ist-Druckes (Prail) des Kraftstoffs
in dem Common-Rail (5);
- Bestimmen eines Beitrags im geschlossenen
Regelkreis (QCL) entsprechend einem Druck-
fehler (Er), der anhand der Differenz zwischen
dem gewünschten Druck (Prailref) des Kraftstoffs
in der Common-Rail (5) und dem Ist-Druck (Prail)
des Kraftstoffs in dem Common-Rail (5) ermittelt
wird;
- Bestimmen eines Beitrags im offenen Regel-
kreis (QOL) entsprechend dem gewünschten
Druck (Prailref) des Kraftstoffs in der Common-
Rail (5); und
- Bestimmen der gewünschten Förderung (Qref)
der Hochdruckpumpe (6) in das Common-Rail
(5) durch algebraisches Addieren des Beitrags
im geschlossenen Regelkreis (QCL) und des
Beitrags im offenen Regelkreis (QOL).

3. Regelungsverfahren nach Anspruch 2, das folgen-
den weiteren Schritt umfasst, in dem der Beitrag im
offenen Regelkreis (QOL) entsprechend dem ge-
wünschten Druck (Prailref) des Kraftstoffs in der Com-
mon-Rail (5), einer Drehzahl (WE) des Verbren-
nungsmotors (2) und einer Last (LE) des Verbren-
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nungsmotors (2) ermittelt wird.

4. Regelungsverfahren nach Anspruch 2 oder 3, das
folgenden weiteren Schritt umfasst, in dem der Bei-
trag im geschlossenen Regelkreis (QCL) entspre-
chend dem Druckfehler (Er), einer Drehzahl (WE)
des Verbrennungsmotors (2) und einer Last (LE) des
Verbrennungsmotors (2) ermittelt wird.

5. Regelungsverfahren nach einem der Ansprüche 1
bis 4, das folgende weitere Schritte umfasst:

- Messen des Ist-Druckes (PfuelLP) des Kraft-
stoffs vor der Hochdruckpumpe (6); und
- Steuern der Niederdruckpumpe (8) entspre-
chend einem Druckfehler (Er), der anhand der
Differenz zwischen dem gewünschten Druck
(PfuelLPref) des Kraftstoffs vor der Hochdruck-
pumpe (6) und dem Ist-Druck (PfuelLP) des Kraft-
stoffs vor der Hochdruckpumpe ermittelt wird.

6. Regelungsverfahren nach einem der Ansprüche 1
bis 4, das folgende weitere Schritte umfasst:

- Bestimmen einer gewünschten Drehzahl
(WPref) der Niederdruckpumpe (8) entspre-
chend dem gewünschten Druck (PfuelLPref) des
Kraftstoffs vor der Hochdruckpumpe (6); und
- Steuern der Niederdruckpumpe (8) entspre-
chend der gewünschten Drehzahl (WPref) der
Niederdruckpumpe (8).

7. Regelungsverfahren nach Anspruch 6, das folgen-
den weiteren Schritt umfasst, in dem die gewünschte
Drehzahl (WPref) der Niederdruckpumpe (8) entspre-
chend dem gewünschten Druck (Prailref) des Kraft-
stoffs vor der Hochdruckpumpe (6), einer Drehzahl
(WE) des Verbrennungsmotors (2) und einer Last
(LE) des Verbrennungsmotors (2) ermittelt wird.

8. Regelungsverfahren nach Anspruch 6, das folgende
weitere Schritte umfasst:

- Messen des Ist-Druckes (PfuelLPl) des Kraft-
stoffs vor der Hochdruckpumpe (6); und
- Bestimmen der gewünschten Drehzahl (WE)
der Niederdruckpumpe (8) entsprechend einem
Druckfehler (Er), der anhand der Differenz zwi-
schen dem gewünschten Druck (PfuelLPref) des
Kraftstoffs vor der Hochdruckpumpe (6) und
dem Ist-Druck (PfuelLP) des Kraftstoffs vor der
Hochdruckpumpe ermittelt wird.

9. Regelungsverfahren nach Anspruch 8, das folgen-
den weiteren Schritt umfasst, in dem die gewünschte
Drehzahl (WPref) der Niederdruckpumpe (8) entspre-
chend einem Druckfehler (Er), einer Drehzahl (WE)
des Verbrennungsmotors (2) und einer Last (LE) des

Verbrennungsmotors (2) ermittelt wird.

10. Regelungsverfahren nach einem der Ansprüche 6
bis 9, das folgende weitere Schritte umfasst:

- Messen der Ist-Drehzahl (WP) der Nieder-
druckpumpe (8); und
- rückwirkende Steuerung der Niederdruckpum-
pe (8) entsprechend einem Drehzahlfehler (Er),
der anhand der Differenz zwischen der ge-
wünschten Drehzahl (WPref) der Niederdruck-
pumpe (8) und der Ist-Drehzahl (WE) der Nie-
derdruckpumpe (8) ermittelt wird.

11. Regelungsverfahren nach einem der Ansprüche 1
bis 10, wobei die Niederdruckpumpe (8) von einem
Elektromotor (17) angetrieben wird, der von einem
elektronischen Leistungswandler (18) versorgt wird;
wobei die Niederdruckpumpe (8) durch die Regulie-
rung eines elektrischen Stroms gesteuert wird, den
der elektronische Leistungswandler (18) dem Elek-
tromotor (17) zuführt.

12. Regelungsverfahren nach einem der Ansprüche 1
bis 11, wobei eine zu dem Kraftstofftank (10) führen-
de Rückführungsleitung (11) vorgesehen ist, die den
überschüssigen Kraftstoff von den Injektoren (4),
von einem mit dem Common-Rail (5) hydraulisch ge-
koppelten mechanischen Drucksicherheitsventil
(12) und/oder von einer Schmierleitung der Hoch-
druckpumpe (6) empfängt; und ein Rückführungs-
ventil (13), das zwischen der Rückführungsleitung
(11) und dem Tank (10) angeordnet ist, das ein Ein-
wegventil ist und geöffnet wird, wenn die Druckdif-
ferenz an seinen Enden größer ist als ein vorgege-
bener Eingriffsschwellenwert.

Revendications

1. Méthode de commande d’un système d’injection di-
recte (1) d’un type à rampe commune d’un moteur
à combustion interne (2) ; le système d’injection di-
recte (1) comprend : un réservoir de carburant (10),
une pompe basse pression (8) aspirant le carburant
du réservoir (10) et une pompe haute pression (6)
recevant le carburant en provenance de la pompe
basse pression (8) et fournissant le carburant sous
pression à une rampe commune (5) raccordée à un
nombre d’injecteurs (4) ; la méthode de commande
comprend les étapes de :

détermination d’une pression souhaitée (Prailref)
du carburant à l’intérieur de la rampe commune
(5) ; et
régulation du refoulement de la pompe haute
pression (6) vers la rampe commune (5) pour
rechercher la pression souhaitée (Prailref) du car-
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burant à l’intérieur de la rampe commune (5) ;
détermination d’un refoulement souhaité (Qref)
de la pompe haute pression (6) vers la rampe
commune (5) selon la pression souhaitée
(Prailref) du carburant à l’intérieur de la rampe
commune (5) ; et
régulation du refoulement de la pompe basse
pression (8) vers la pompe haute pression (6)
en commandant la pompe basse pression (8)
selon le refoulement souhaité (Qref) de la pompe
haute pression (6) vers la rampe commune (5)
pour rechercher la pression souhaitée (Prailref)
du carburant à l’intérieur de la rampe commune
(5), de sorte qu’une régulation correspondante
du refoulement de la pompe haute pression (6)
vers la rampe commune (5) puisse être
obtenue ;
la méthode de commande est caractérisée en
ce qu’elle comprend les étapes supplémentai-
res de :

détermination d’une pression souhaitée
(PfuelLPref) du carburant en amont de la
pompe haute pression (6) selon le refoule-
ment souhaité (Qref) de la pompe haute
pression (6) vers la rampe commune (5) ; et
commande de la pompe basse pression (8)
selon la pression souhaitée (PfuelLPref) du
carburant en amont de la pompe haute
pression (6).

2. Méthode de commande selon la revendication 1 et
comprenant les étapes supplémentaires de :

mesure de la pression réelle (Prail) du carburant
à l’intérieur de la rampe commune (5) ;
détermination d’une contribution en boucle fer-
mée (QCL) selon une erreur de pression (εr) cal-
culée en réalisant la différence entre la pression
souhaitée (Prailref) du carburant à l’intérieur de
la rampe commune (5) et la pression réelle (Prail)
du carburant à l’intérieur de la rampe commune
(5) ;
détermination d’une contribution en boucle
ouverte (QOL) selon la pression souhaitée
(Prailref) du carburant à l’intérieur de la rampe
commune (5) ; et
détermination du refoulement souhaité (Qref) de
la pompe haute pression (6) vers la rampe com-
mune (5) en additionnant algébriquement la
contribution en boucle fermée (QCL) et la con-
tribution en boucle ouverte (QOL).

3. Méthode de commande selon la revendication 2 et
comprenant l’étape supplémentaire de détermina-
tion de la contribution en boucle ouverte (QOL) selon
la pression souhaitée (Prailref) du carburant à l’inté-
rieur de la rampe commune (5), une vitesse de ro-

tation (ωE) du moteur à combustion interne (2) et une
charge (LE) du moteur à combustion interne (2).

4. Méthode de commande selon la revendication 2 ou
3 et comprenant l’étape supplémentaire de détermi-
nation de la contribution en boucle fermée (QCL) se-
lon l’erreur de pression (εr), une vitesse de rotation
(ωE) du moteur à combustion interne (2) et une char-
ge (LE) du moteur à combustion interne (2).

5. Méthode de commande selon l’une des revendica-
tions 1 à 4 et comprenant les étapes supplémentai-
res de :

mesure de la pression réelle (PfuelLP) du carbu-
rant en amont de la pompe haute pression (6) ;
et
commande de la pompe basse pression (8) se-
lon une erreur de pression (εr) calculée en réa-
lisant la différence entre la pression souhaitée
(PfuelLPref) du carburant en amont de la pompe
haute pression (6) et la pression réelle (PfuelLP)
du carburant en amont de la pompe haute pres-
sion (6).

6. Méthode de commande selon l’une des revendica-
tions 1 à 4 et comprenant les étapes supplémentai-
res de :

détermination d’une vitesse souhaitée (ωPref) de
la pompe basse pression (8) selon la pression
souhaitée (PfuelLPred du carburant en amont de
la pompe haute pression (6) ; et
commande de la pompe basse pression (8) se-
lon la vitesse souhaitée (ωPref) de la pompe bas-
se pression (8).

7. Méthode de commande selon la revendication 6 et
comprenant l’étape supplémentaire de
détermination de la vitesse souhaitée (ωPref) de la
pompe basse pression (8) selon la pression
souhaitée (PfuelLPref) du carburant en amont de la
pompe haute pression (6), une vitesse de rotation
(ωE) du moteur à combustion interne (2) et une
charge (LE) du moteur à combustion interne (2).

8. Méthode de commande selon la revendication 6 et
comprenant les étapes supplémentaires de :

mesure de la pression réelle (PfuelLP) du carbu-
rant en amont de la pompe haute pression (6) ;
et
détermination de la vitesse souhaitée (ωPref) de
la pompe basse pression (8) selon une erreur
de pression (εf) calculée en réalisant la différen-
ce entre la pression souhaitée (PfuelLPref) du car-
burant en amont de la pompe haute pression (6)
et la pression réelle (PfuelLP) du carburant en
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amont de la pompe haute pression (6).

9. Méthode de commande selon la revendication 8 et
comprenant l’étape supplémentaire de détermina-
tion de la vitesse souhaitée (ωPref) de la pompe bas-
se pression (8) selon une erreur de pression (εf), une
vitesse de rotation (ωE) du moteur à combustion in-
terne (2) et une charge (LE) du moteur à combustion
interne (2).

10. Méthode de commande selon l’une des revendica-
tions 6 à 9 et comprenant les étapes supplémentai-
res de :

mesure de la vitesse réelle (ωp) de la pompe
basse pression (8) ; et
commande de la pompe basse pression (8) en
rétroaction selon une erreur de vitesse (εr) cal-
culée en réalisant la différence entre la vitesse
souhaitée (ωPref) de la pompe basse pression
(8) et la vitesse réelle (ωp) de la pompe basse
pression (8).

11. Méthode de commande selon l’une des revendica-
tions 1 à 10, dans laquelle la pompe basse pression
(8) est activée par un moteur électrique (17) alimenté
par un convertisseur de puissance électronique
(18) ; la pompe basse pression (8) est commandée
en régulant un courant électrique alimenté par le
convertisseur de puissance électronique (18) au mo-
teur électrique (17).

12. Méthode de commande selon l’une des revendica-
tions 1 à 11, dans laquelle on a une conduite de
recirculation (11) qui mène au réservoir de carburant
(10) et reçoit l’excédent de carburant provenant des
injecteurs (4), depuis une soupape de sécurité de
pression mécanique (12) qui est couplée hydrauli-
quement à la rampe commune (5), et/ou d’une con-
duite de lubrification de la pompe haute pression (6) ;
on a une soupape de recirculation (13) qui est agen-
cée entre la conduite de recirculation (11) et le ré-
servoir (10), qui est une soupape de non-retour et
est réglée pour s’ouvrir lorsque la différence de pres-
sion au niveau de ses extrémités est plus élevée
qu’une valeur seuil d’intervention prédéterminée.
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