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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a pressurising
device of a fuel injection equipment wherein a single me-
tering valve controls the inlet flow into a high pressure
pump performing one or two pumping cycles.

BACKGROUND OF THE INVENTION

[0002] A diesel fuel injection equipment arranged on
aninternal combustion engine comprises a high pressure
pump receiving a low pressure upstream fuel flow and
delivering to a common rail and to injectors a high pres-
sure downstream flow. An inlet metering valve connected
to a command unit limits said upstream flow to the quan-
tity required to match the engine torque and power de-
mand.

[0003] Unfortunately, said high pressure diesel pumps
often suffer a drop in volumetric efficiency due to an in-
ability to fill the pumping chamber at high speeds. This
is becoming notably more of a problem with the pumps
needing to run at engine speeds of up to 6000RPM. This
problem is made worse with twin headed pumps, the big-
gest known restriction being said inlet metering valve.
[0004] DE102008043237 A1, WO2016/177431 A1
and EP2647824 A1 disclose relevant prior art pumps.

SUMMARY OF THE INVENTION

[0005] Accordingly, itis an object of the presentinven-
tion to resolve the above mentioned problems in provid-
ing a pressurising device of a direct fuel injection equip-
ment (FIE) of a diesel internal combustion engine, said
pressurising device comprising a digital inlet metering
valve (DIMV), controlling an inlet fluid communication to
a pump, said pump comprising: a pumping head defining
a compression chamber having an inlet controlled by an
inlet valve and an outlet controlled by an outlet valve and,
a piston reciprocally moving along a pumping axis (X1),
between BDC and TDC for performing a pumping cycle
(C1); said cycle being the alternation of a filling phase
and a compression phase. The DIMV is configured to:
switch to an open state after said cycle initiates a filling
phase, and switch to a closed state when approaching
the end of said filling phase. The DIMV comprises an
electro 2-way valve controlling the inlet into a buffer
chamber connected to the inlet so that, in use, in open
state of the DIMV the fuel fills said buffer chamber and
from there fills the compression chamber which volume
increases when in filling phase.

[0006] Also, the DIMV and the pump are integrated in
a single housing forming in compact assembly of the FIE.
[0007] Also, the pump is a twin-head-pump perform-
ing, in use, said first pumping cycle in said first pumping
head and, a second pumping cycle in a second pumping
head, said cycles being the alternation of a filling phase
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and a compression phase, said first and second cycles
being in opposition of phase of one another so that, the
compression phase of a cycle is simultaneous to the filling
phase of the other cycle. The DIMV controls the inlet fluid
communication to said twin-head-pump and it switches
to an open state after either cycle initiates a filling phase
and, switches to a closed state when approaching the
end of said filling phase.

[0008] Also, the DIMV and the twin-head-pump are in-
tegrated in a single housing forming in compact assembly
of the FIE.

[0009] Also, in use, low pressure fuel exiting the DIMV
is delivered to the twin-head-pump wherein it is com-
pressed in the first pumping cycle or in the second pump-
ing cycle.

[0010] Also, the twin-head-pump comprises:

- the first pumping head defining a first compression
chamber having a first inlet controlled by a first inlet
valve and afirst outlet controlled by afirst outlet valve
and, a first piston reciprocally moving, in use, be-
tween BDC and TDC along a first axis to perform
said first pumping cycle;

- the second pumping head defining a second com-
pression chamber having a second inlet controlled
by a secondinletvalve and a second outlet controlled
by a second outlet valve and, a second piston recip-
rocally moving, in use, between BDC and TDC along
a second axis to perform said second pumping cycle
and wherein,

the digital inlet metering valve DIMV comprises an electro
2-way valve controlling the inlet into a buffer chamber
connected to the first inlet and to the second inlet.
[0011] Also, in use, in open state of the DIMV the fuel
fills said buffer chamber and from there fills the compres-
sion chamber, of the pumping head, that is in filling phase
PF and which volume increases.

[0012] The invention further extends to a fuel injection
equipment for a diesel internal combustion engine, said
FIE comprising a pressurising device as previously de-
scribed.

[0013] The invention further extends to a control meth-
od of a fuel injection equipment as previously described,
the method comprising the following steps:

- receiving signals enabling to determine the quantity
of fuel required to be injected in the engine;

- computing the duration that the DIMV needs to be
in open state to enable said required quantity of fuel
to enter the pump ;

- switching the DIMV to said open state when the
pumping cycle initiates a filling phase;

- switching the DIMV to the closed state when the du-
ration time has lapsed.

[0014] The step switching the DIMV to an open state
enables fuel to fill the buffer chamber when the pumping
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cycleinitiates afilling phase, the inlet valves being closed
preventing fuel entry into the compression chamber then,
subsequent to said switching step, the method comprises
the step

- keeping the DIMV in said open state when the inlet
valve opens.

[0015] The method may comprise the following steps:

- computing the duration that the DIMV needs to be
in open state to enable said required quantity of fuel
to enter the twin-head-pump ;

- switching the DIMV to said open state when either
one of the pumping cycles initiates a filling phase;

- switching the DIMV to the closed state when the du-
ration time has lapsed.

[0016] The step switching the DIMV to an open state
enables fuel to fill the buffer chamber when either of the
pumping cycles initiates afilling phase, both first and sec-
ond inlet valves, being closed preventing fuel entry into
the compression chambers then, subsequent to said
switching step, the method comprises the step

- keeping the DIMV in said open state when either one
of the first or second inlet valve opens.

[0017] The invention further extends to an electronic
command unit adapted execute a method as described
above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The presentinvention is now described by way
of example with reference to the accompanying drawings
in which:

Figure 1 is a partial sketch of a fuel injection equip-
ment comprising a pressurising device as per the
invention.

Figure 2 is a pumping cycle of a pressurising device
of figure 1.

Figure 3 is a second embodiment of a pressurising
device as per the invention.

Figure 4 is a plot of two pumping cycles in opposition
of phase as performed by said second embodiment
of figure 3.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] In reference to the figures 1 and 2, a diesel in-
ternal combustion engine provided with a direct fuel in-
jection equipment 6 is controlled by a command unit
(ECU) 8. In use, diesel fuel stored in a tank at low pres-
sure, or atmospheric pressure, is sent to a pressurising
device 10 comprising a digital inlet metering valve 12,
hereafter DIMV 12, and a high pressure pump 14. After
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being pressurised in said pump 14, the fuel is delivered
to a common rail then to fuel injectors, which along with
the tank are drawn in dotted lines in the figures.

[0020] The pump 14 comprises a pumping head 16
and, upon command signals received from the ECU 8
the DIMV 12 controls the upstream flow entering said
pumping head 16. The DIMV 12 is an electro actuated
2-way valve comprising an actuator such as a solenoid,
controlling a valve member opening, or closing, the fuel
entry into a buffer chamber 20 wherefrom said fuel is
oriented toward the pumping head 16; said pumping
head 16 performing a pumping cycle C1, shown in figure
2, that is the alternation of a filing phase PF and of a
compression phase PC.

[0021] In an alternative not shown, the pump 14 com-
prises two or more pumping heads, all performing a
pumping cycle in phase with each other. The buffer cham-
ber 20 is, in this alternative, in fluid communication with
all the pumping heads of the pump 14.

[0022] In the pumping head 16, fuel is pressurised in
a compression chamber 22 defined at the end of a bore
24 in which a piston 26 urged by a rotating cam 28 is
reciprocally guided along a pumping axis X1. During the
filing phase PF, when the piston moves from TDC (top
dead center) to BDC (bottom dead center), pressure
drops in said compression chamber 22 opening an inlet
32 by moving an inlet valve member 30. Fuel at low pres-
sure is sucked through said inlet 32 in said compression
chamber 22. During the following compression phase PC
when the piston moves from BDC to TDC, the pressure
in said compression chamber 22 rises moving the inlet
valve member 30 into a closed position of the inlet 32.
The fuel is then pressurised in said compression cham-
ber 22 prior to being expelled when said pressure over-
comes a threshold forcing a outlet valve member 34 to
open an outlet 36.

[0023] The figures show a single rotating cam urging
the pistons but, in alternative embodiments, the pump 14
may comprise several cams.

[0024] In a multi-head pump 14, all heads being in
phase and performing the same pumping cycle C1, the
cam 28 is can be a multi-lobe cam and, the pumping axes
are arranged to create the simultaneity of the pumping
cycles. Forinstance, in atwo head pump an elliptical cam
having two lobes, may urge simultaneously two pistons
opposed at 180° and, in a four head pump, a square
came (with rounded corners) simultaneously urges four
piston arranged at 90° from each other.

[0025] Typically, the inlet valve members 30 is a pas-
sive valve moving under the influence of pressure differ-
ence between the compression chamber and the other
side of the valve member, the inlet channel. In other al-
ternatives, the valve 30 can cooperate with an actuator,
such as a solenoid, which advances the opening or re-
tards the closing of the valve member.

[0026] Thanks to this arrangement,a DIMV 12 controls
the inlet to the pumping head. The following sequence,
illustrated by figure 2 where the cycle C1 starts with a
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filing phase PF describes steps of a method 100 exe-
cuted by the ECU 8 in order to control the fuel quantity
compressed in the compression chamber.

[0027] The control method 100 comprises the following
steps:

- receiving 110 signals enabling to determine the
quantity of fuel required to be injected in the engine;

- computing 120 the duration that the DIMV 12 needs
to be in open state to enable said required quantity
of fuel to enter the pump 14;

- keeping 134 the DIMV 12 in said open state when
the inlet valve 30 opens;

- switching 130 the DIMV 12 to said open state when
pumping cycle C1 initiates a filling phase PF;

- switching 140 the DIMV 12 to the closed state when
the duration time has lapsed.

[0028] The steps of this method 100 are detailed in
reference to figure 2 where points are identified and com-
mented:

Point P1

= the pumping cycle C1 is at TDC and, pres-
surised fuel is expelled out of the compression
chamber 22,

= the inlet 32 is closed, the outlet 36 is open,
= the ECU 8 commands to open the DIMV 12
for the fuel to enter andfill the buffer chamber 20.

Point P2 just after point P1

= the cycle C1 starts a filing phase PF, the
pressure in the compression chamber 22 starts
to drop,

= the inlet 32 opens enabling fuel in the buffer
chamber 20 to enter the compression chamber
22,

= the outlet 36 closes.

= the ECU 8 keeps the open command sent to
the DIMV 12 for allowing fuel to flow through the
buffer chamber 20 and directly in the compres-
sion chamber 22.

Point P3

= the pumping cycle C1 approaches the end of
the filling phase PF,

= the inlet 32 remains open,

= the outlet 36 remains closed,

= as the duration computed at the method step
120 is reached, the ECU 8 commands to close
the DIMV 12 and, depending on pressure differ-
ence between the buffer chamber 20 and the
compression chamber 22, fuel in the buffer
chamber 20 continues, for a very short while, to
enter the compression chamber 22.
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Point P4 just after point P3

= the pumping cycle C1 further approaches the
end of the filling phase PF, the pressure in the
compression chamber 22 is now superior to the
pressure in the buffer chamber 20,

= the inlet 32 closes and, the outlet 36 remains
closed,

= the DIMV 12 remains closed until the next
filling phase starting with a new point P1.

[0029] As can be followed through the pumping cycle
and the sequence of points, the fuel enters the compres-
sion chamber as soon as the inlet valve opens at begin-
ning of the filing phase PF and, when the DIMV 12 closes
the pressure difference between the buffer chamber 20
and the compression chamber cancels very rapidly, this
closing the inlet valve and ending said fuel entry right
after closing the DIMV 12. The fuel quantity in the com-
pression chamber is then controlled by closing the DIMV
12.

[0030] During a filling phase PF, the pressure drops in
the compression chamber and:

in a first step, at very beginning of said filling phase
PF, the DIMV 12 opens while the inlet is still closed.
Fuel only enters and fills the buffer chamber 20
wherein pressure rises;

in a subsequent second step said rising pressure in
the buffer chamber overcomes said dropping pres-
sure in the compression chamber and consequently
the inlet opens. The DIMV 12 remaining open, fuel
in the buffer chamber enters the compression cham-
ber and, a fuel flow can directly go through the cham-
ber 20 in the compression chamber and,

in a final third step at completion of the computed
opening duration of the DIMV 12, the fuel quantity
needed to match the engine demand has entered
the compression chamber, the DIMV 12 closes, the
pressure in the buffer chamber 20 drops quickly and,
this is immediately followed by closing of the inlet.

[0031] In reference to the figures 3 and 4 is presented
a second embodiment of the invention wherein the pres-
surising device 10 of the fuel injection equipment 6 com-
prises the DIMV 12, and a twin-head-pump 14.

[0032] To ease and simplify the description, numeral
references previously used are kept for designating fea-
tures having the same function, said features keeping
their numeral references and may be now identified as
"first".

[0033] The twin-head-pump 14 comprises the first
pumping head 16, previously identified as the pumping
head 16, and a second pumping head 18. Upon com-
mand signals received from the ECU 8, the DIMV 12
controls the upstream flow entering said two pumping
heads 16, 18. The DIMV 12 is an electro actuated 2-way
valve comprising an actuator such as a solenoid control-
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ling a valve member opening, or closing, the fuel entry
into the buffer chamber 20 wherefrom said fuel is oriented
toward the first pumping head 16 performing the first
pumping cycle C1 or, toward the second pumping head
18 performing a second pumping cycle C2. Each pump-
ing cycle C1, C2 is the alternation of a filling phase PF
and a compression phase PC and, in said twin-head-
pump 14 the two cycles C1, C2 are in opposition of phase,
the filling phase PF of a pumping head being simultane-
ous to the compression phase PC of the other pumping
head.

[0034] In an alternative not shown, the pump 14 is a
multi-head pump comprising three, four or more pumping
heads, some performing said first pumping cycle C1, the
other performing the second pumping cycle C2 in oppo-
sition of phase with C1. In this alternative, the buffer
chamber 20 is in fluid communication with all the pumping
heads of the multi-head pump 14.

[0035] The first pumping head 16 is, as previously de-
scribed, with the first compression chamber 22, the first
bore 24, the first piston 26, the first pumping axis X1, the
firstinlet valve member 30, the firstinlet 32, the first outlet
valve member 34 and the first outlet 36.

[0036] Similarly to the first pumping head 16, in the
second pumping head 18 fuel is pressurised in a second
compression chamber 38 defined at the end of a second
bore 40 in which a second piston 42 urged by said rotating
cam 28 is reciprocally guided along a second pumping
axis X2. During the second filling phase PF2, when said
second piston 42 moves from TDC to BDC, pressure
drops in said second compression chamber 38 moving
a second inlet valve member 44 and opening a second
inlet 46 through which fuel at low pressure is sucked in
the second compression chamber 38. During the follow-
ing second compression phase PC2 when the piston
moves from BDC to TDC, the pressure in said second
compression chamber 38 rises moving the second inlet
valve member 46 into a closed position of the second
inlet 46. The fuel is then pressurised in said second com-
pression chamber 38 prior to being expelled when said
pressure overcomes a threshold forcing a second outlet
valve member 48 to open a second outlet 50.

[0037] As shown in figure 3, in a twin-head-pump 14
the cam 28 is typically a two-lobe cam opposed at 180°,
as in an oval or elliptical shape and, the pumping axis
X1, X2 are at 90° from each other. Said arrangement of
cam profile and angled axis creates the opposition of
phases although other arrangements, such as a one lobe
cam and two pistons opposed at 180° or, pistons urged
by different cams may achieve a similar result.

[0038] Inafour-head pump 14 not shown, a third head
is opposed at 180° of the first head 16 and, a fourth head
is opposed at 180° of the second head 18, thus the first
and third heads performing the first cycle C1 and, the
second and fourth heads performing the second cycle
C2.

[0039] Typically, the first and second inlet valve mem-
bers 30, 44 are passive valves moving under the influ-
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ence of difference between the pressure in the compres-
sion chamber and the pressure on the other side of the
valve member. In other alternatives, the valves 30, 44
can cooperate with an actuator, such as a solenoid, which
advances the opening or retards the closing of the valve
member.

[0040] Thanks to this arrangement, a single DIMV 12
controls the inlet to the two pumping heads. The following
sequence, illustrated in figure 4 where the first cycle C1
starts with a filling phase PF and the second cycle C2
starts with a compression phase PC, describes steps of
the method 100 executed by the ECU 8 in order to control
the fuel quantity compressed in the two compression
chambers.

[0041] The controlmethod 100 comprises the following
steps:

- receiving 110 signals enabling to determine the
quantity of fuel required to be injected in the engine;

- computing 120 the duration that the DIMV 12 needs
to be in open state to enable said required quantity
of fuel to enter the twin-head-pump 14;

- keeping 134 the DIMV 12 in said open state when
either one of the first or second inlet valve opens 30,
44;

- switching 130 the DIMV 12 to said open state when
either one of the pumping cycles C1, C2 initiates a
filling phase PF;

- switching 140 the DIMV 12 to the closed state when
the duration time has lapsed.

[0042] The steps of this method 100 are detailed in
reference to figure 4 where points are identified and com-
mented:

Point P1

= thefirst cycle C1is at TDC and, pressurised
fuel is expelled out of the first compression
chamber 22,

= the first inlet 32 is closed, the first outlet 36
is open,

= the second cycle C2 is at BDC and, the sec-
ond compression chamber 38 is filled with fuel
at low pressure,

= the second inlet 46 is closed and, the second
outlet 50 is closed,

= the ECU 8 commands to open the DIMV 12
for the fuel to enter and to fill the buffer chamber
20.

Point P2 just after point P1

= the first cycle starts a filling phase PF, the
pressure in the first compression chamber 22
drops,

= the first inlet 32 opens enabling fuel in the
buffer chamber 20 to enter the first compression
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chamber 22,

= the first outlet 36 closes.

= the second cycle starts a compression phase
PC, the pressure in the second compression

the second compression chamber 38 is maxi-

10

the second compression chamber 38,
= the ECU 8 commands to open the DIMV 12
for the fuel to enter the buffer chamber 20.

chamber 38 starts to rise, 5 Point P6 soon after point P5
= the second inlet 46 remains closed, the sec-
ond outlet 50 remains closed, = thefirst cycle C1 starts a compression phase
= the ECU 8 maintains the open command sent PC, the pressure in the first compression cham-
to the DIMV 12 for allowing fuel to flow through ber 22 starts to rise,
the buffer chamber 20 and directly in the first 170 = thefirstinlet 32 remains closed, the first outlet
compression chamber 22. 36 remains closed.
= the second cycle C2 starts afilling phase PF,
Point P3 the pressure in the second compression cham-
ber 38 starts to drop,
= thefirst cycle approaches the end of thefilling 75 = the second inlet 46 opens to enable fuel in
phase PF, the buffer chamber 20 to enter the second com-
= the first inlet 32 remains open and, the first pression chamber 38 and, the second outlet 50
outlet 36 remains closed, closes,
= the second cycle C2 approaches the end of = the ECU 8 keeps the open command sent to
the compression phase PC, the pressure inthe 20 the DIMV 12 for allowing fuel to flow through the
second compression chamber 38 continues to buffer chamber 20 and directly in the second
rise, compression chamber 38.
= the second inlet 46 remains closed, the sec-
ond outlet 50 remains closed, Point P7
= the ECU 8 commands to close the DIMV 12 25
and, depending on pressure difference between = thefirst cycle approaches the end of the com-
the buffer chamber 20 and the first compression pression phase PC, the pressure in the first com-
chamber 22, fuel in the buffer chamber 20 con- pression chamber 22 continues to rise,
tinues, for a short while, to enter the first com- = thefirstinlet 32 remains closed, the first outlet
pression chamber 22. 30 36 remains closed,
= the second cycle approaches the end of the
Point P4 just after point P3 filling phase PF,
= the second inlet 46 remains open and, the
= the first cycle C1 further approaches the end second outlet 50 remains closed,
of the filling phase PF, the pressure in the first 35 = the ECU 8 commands to close the DIMV 12
compression chamber 22 is now superior to the and, depending on pressure difference between
pressure in the buffer chamber 20, the buffer chamber 20 and the second compres-
= the first inlet 32 closes and, the first outlet 36 sion chamber 38, fuel in the buffer chamber 20
remains closed, continues, for a short while, to enter the second
= the second cycle C2 further approaches the 40 compression chamber 38.
end of the compression phase PC, the pressure
in the second compression chamber 38 contin- Point P8 just after point P7
ues to rise,
= the second inlet 46 remains closed, the sec- = the first cycle further approaches the end of
ond outlet 50 remains closed, 45 the compression phase PC,
= the DIMV 12 remains closed. = thefirstinlet 32 remains closed, the first outlet
36 remains closed,
Point P5 = the second cycle further approaches the end
of the filling phase PF, the pressure in the sec-
= thefirstcycle is at BDC, the first compression 50 ond compression chamber 38 is now superior
chamber 22 is now filled with low pressure fuel, to the pressure in the buffer chamber 20,
= thefirstinlet 32 remains closed, the first outlet = the second inlet 46 closes and, the second
36 remains closed, outlet 50 remains closed,
= the second cycle is at TDC, the pressure in = the DIMV 12 remains closed.
55

mum, [0043] As can be followed through the pumping cycles
= the second inlet 46 is closed and, the second and the sequence of points, the fuel enters the compres-
outlet 50 opens to expel pressurised fuel out of sion chamber as soon as the inlet valve member opens
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atbeginning of the filing phase PF and, later in said phase
when the DIMV 12 closes the pressure difference be-
tween the buffer chamber 20 and the compression cham-
ber cancels which closes the inlet valve member right
after the DIMV 12 closes, ending said fuel entry. The fuel
quantity in the compression chamber is then controlled
by closing the DIMV 12.

[0044] Thanks to this arrangement a single DIMV 12
and buffer chamber 20 serve two pumping head.
[0045] Similarly to the first embodiment, during afilling
phase, pressure drops in the compression chamber and:

in a first step, at very beginning of said filling phase
PF, the DIMV 12 opens while all inlets are closed.
Fuel can only enter and fill the buffer chamber 20
wherein pressure rises;

in a subsequent second step said rising pressure in
the buffer chamber overcomes said dropping pres-
sure in the compression chamber consequently
opening the inlet and, the DIMV 12 remaining open,
fuel in the buffer chamber enters the compression
chamber and, a fuel flow can directly go through the
buffer chamber 20 in the compression chamber and,
in a final third step at completion of the computed
opening duration of the DIMV 12, the fuel quantity
needed to match the engine demand has entered
the compression chamber, the DIMV 12 closes, the
pressure in the buffer chamber 20 drops quickly and,
this is immediately followed by closing of the inlet.

LIST OF REFERENCES

[0046]

TDC top dead center

BDC bottom dead center

X1 first pumping axis

X2 second pumping axis

C1 first pumping cycle

PF1 filling phase of the first pumping cycle

PC1 compression phase of the first pumping cycle

Cc2 second pumping cycle

PF2 filling phase of the second pumping cycle

PC2 compression phase of the second pumping
cycle

P1-P8 points

6 fuel injection equipment

8 command unit - ECU

10  pressurising device

12  digital inlet metering valve - DIMV
14  pump - twin-head-pump
16 first pumping head

18 second pumping head

20  buffer chamber

22  first compression chamber
24  first bore

26 first piston
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28 cam
30 firstinlet valve member
32 firstinlet

34  first outlet valve member

36 first outlet

38 second compression chamber
40 second bore

42  second piston

44  second inlet valve member
46  second inlet

48  second outlet valve member
50 second outlet

100  method

110  receiving signals
120  computing

130  switching to open
134  keeping open
140  switching to close
Claims

1. Pressurising device (10) of a direct fuel injection
equipment (FIE) of a diesel internal combustion en-
gine, said pressurising device (10) comprising a dig-
ital inlet metering valve (DIMV 12) controlling aninlet
fluid communication to a pump (14), said pump (14)
comprising: a pumping head (16) defining a com-
pression chamber (22) having an inlet (32) controlled
by an inlet valve (30) and an outlet (36) controlled
by an outlet valve (34), and a piston (26) reciprocally
moving along a pumping axis (X1), between BDC
and TDC for performing a pumping cycle (C1);

said cycle (C1) being the alternation of a filling
phase (PF) and a compression phase (PC); and
wherein, the DIMV (12) is configured to: switch
to an open state after said cycle (C1) initiates a
filling phase (PF), and switch to a closed state
when approaching the end of said filling phase;
characterised in that,

the digital inlet metering valve (DIMV) (12) com-
prises an electro 2-way valve controlling the inlet
into a buffer chamber (20) connected to the inlet
(32) so that, in use, in open state of the DIMV
(12) the fuel fills said buffer chamber (20) and
from there fills the compression chamber (22)
which volume increases when in filling phase
(PF).

2. Pressurising device (10) as claimed in the preceding
claim wherein the DIMV (12) and the pump (14) are
integrated in a single housing forming in compact
assembly of the FIE.

3. Pressurising device (10) as claimed in claim 1,
wherein the pump (14) is a twin-head-pump (14) per-
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forming, in use, said first pumping cycle (C1) in said
firstpumping head (16) and, a second pumping cycle
(C2)inasecond pumping head (18), said cycles (C1,
C2) being the alternation of a filling phase (PF) and
a compression phase (PC), said first (C1) and sec-
ond (C2) cycles being in opposition of phase of one
another so that, the compression phase (PC) of a
cycle is simultaneous to the filling phase (PF) of the
other cycle, and wherein, the DIMV (12) controls the
inlet fluid communication to said twin-head-pump
(14) and it switches to an open state after either cycle
(C1, C2) initiates a filling phase (PF) and, switches
to a closed state when approaching the end of said
filling phase.

Pressurising device (10) as claimed in claim 3 where-
in the DIMV (12) and the twin-head-pump (14) are
integrated in a single housing forming in compact
assembly of the FIE.

Pressurising device (10) as claimed in claim 3 or
claim 4 wherein, in use, low pressure fuel exiting the
DIMV (12) is delivered to the twin-head-pump (14)
wherein it is compressed in the first pumping cycle
(C1) or in the second pumping cycle (C2).

Pressurising device (10) as claimed in any of the
claims 3 to 5 wherein the twin-head-pump (14) com-
prises:

- the first pumping head (16) defining a first com-
pression chamber (22) having a first inlet (32)
controlled by a first inlet valve (30) and a first
outlet (36) controlled by a first outlet valve (34)
and, a first piston (26) reciprocally moving, in
use, between BDC and TDC along a first axis
(X1) to perform said first pumping cycle (C1);

- the second pumping head (18) defining a sec-
ond compression chamber (38) having a second
inlet (46) controlled by a second inlet valve (44)
and a second outlet (50) controlled by a second
outlet valve (48) and, a second piston (42) re-
ciprocally moving, in use, between BDC and
TDC along a second axis (X2) to perform said
second pumping cycle (C2) and wherein,

the digital inlet metering valve (DIMV) (12) com-
prises an electro 2-way valve controlling the inlet
into a buffer chamber (20) connected to the first
inlet (32) and to the second inlet (46).

Pressurising device (10) as claimed in claim 6 where-
in, in use, in open state of the DIMV (12) the fuel fills
said buffer chamber (20) and from there fills the com-
pression chamber (22, 38) of the pumping head (16,
18) that is in filling phase (PF) and which volume
increases.

Fuelinjection equipment (6) for a diesel internal com-
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1.

bustion engine, said FIE comprising a pressurising
device (10) as claimed in any one of the preceding
claims.

Control method (100) of a fuel injection equipment
(6) as claimed in claim 8, the method comprising the
following steps:

- receiving (110) signals enabling to determine
the quantity of fuel required to be injected in the
engine;

- computing (120) the duration that the DIMV
(12) needs to be in open state to enable said
required quantity of fuel to enter the pump (14);
- switching (130) the DIMV (12) to said open
state after the pumping cycle (C1) initiates a fill-
ing phase (PF);

- switching (140) the DIMV (12) to the closed
state after the duration time has lapsed and,

characterized in that

the step switching (130) the DIMV (12) to an open
state enables fuel to fill the buffer chamber (20) after
the pumping cycle (C1) initiates a filling phase (PF),
the inlet valves (30) being closed preventing fuel en-
try into the compression chamber then, subsequent
to said switching step (130), the method (100) com-
prises the step

- keeping (134) the DIMV (12) in said open state
when the inlet valve opens (30).

Control method (100) as claimed in claim 9, the fuel
injection equipment being as claimed in claim 8, the
method comprising the following steps:

- computing (120) the duration that the DIMV
(12) needs to be in open state to enable said
required quantity of fuel to enter the twin-head-
pump (14);

- switching (130) the DIMV (12) to said open
state after either one of the pumping cycles (C1,
C2) initiates a filling phase (PF);

- switching (140) the DIMV (12) to the closed
state when the duration time has lapsed.

Control method (100) as claimed in claim 10, the
pressurising device (10) being as claimed in either
of the claims 6 or 7, wherein the step switching (130)
the DIMV (12) to an open state enables fuel to fill the
buffer chamber (20) when either of the pumping cy-
cles (C1, C2) initiates a filling phase (PF), both first
and second inlet valves (30, 44) being closed pre-
venting fuel entry into the compression chambers
then, subsequent to said switching step (130), the
method (100) comprises the step

- keeping (134) the DIMV (12) in said open state
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when either one of the first or second inlet valve
opens (30, 44).

12. Electronic command unit (8) adapted to execute a

method (100) as claimed in any one of the claims 9
to 11.

Patentanspriiche

1.

Druckbeaufschlagungsvorrichtung ~ (10)  einer
Kraftstoffdirekteinspritzungsausristung (FIE) eines
Dieselverbrennungsmotors, die Druckbeaufschla-
gungsvorrichtung (10) umfassend ein digitales Ein-
lassdosierventil (DIMV 12), das eine Einlassfluid-
kommunikation zu einer Pumpe (14) steuert, die
Pumpe (14) umfassend: einen Pumpenkopf(16), der
eine Kompressionskammer (22), die einen Einlass
(32), der durch ein Einlassventil (30) gesteuert wird,
und einen Auslass (36), der durch ein Auslassventil
(34) gesteuert wird, aufweist, und einen Kolben (26),
der sich entlang einer Pumpachse (X1), zwischen
UT und OT, zum Durchfiihren eines Pumpzyklus
(C1), wechselseitig bewegt, definiert;

wobei der Zyklus (C1) der Wechsel einer Fiill-
phase (PF) und einer Kompressionsphase (PC)
ist; und

wobei das DIMV (12) konfiguriert ist zum: Um-
schalten in einen offenen Zustand, nachdem der
Zyklus (C1) eine Fullphase (PF) initiiert, und
Umschalten in einen geschlossenen Zustand,
wenn sich das Ende der Flllphase nahert;
dadurch gekennzeichnet, dass

das digitale Einlassdosierventil (DIMV) (12) ein
Elektro-2-Wegeventil umfasst, das den Einlass
in eine Pufferkammer (20) steuert, die mit dem
Einlass (32) verbunden ist, sodass, in Verwen-
dung, in offenem Zustand des DIMV (12) der
Kraftstoff die Pufferkammer (20) fillt und von
dort die Kompressionskammer (22) fullt, deren
Volumen sich bei der Fillphase (PF) erhdht.

Druckbeaufschlagungsvorrichtung (10) nach dem
vorstehenden Anspruch, wobei das DIMV (12) und
die Pumpe (14) in einem einzigen Gehause integriert
sind, wobei eine kompakte Anordnung der FIE aus-
gebildet wird.

Druckbeaufschlagungsvorrichtung (10) nach An-
spruch 1, wobei die Pumpe (14) eine Doppelkopf-
pumpe (14) ist, die, in Verwendung, den ersten
Pumpzyklus (C1) in dem ersten Pumpenkopf (16)
und einen zweiten Pumpzyklus (C2) in einem zwei-
ten Pumpenkopf (18) durchfiihrt, wobei die Zyklen
(C1, C2)der Wechsel einer Fillphase (PF) und einer
Kompressionsphase (PC) sind, wobei der erste (C1)
und der zweite (C2) Zyklus gegenphasig sind, so-
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dass die Kompressionsphase (PC) eines Zyklus
gleichzeitig zu der Fillphase (PF) des anderen Zy-
klus ist, und wobei das DIMV (12) die Einlassfluid-
kommunikation zu der Doppelkopfpumpe (14) steu-
ert und es in einen gedffneten Zustand schaltet,
nachdem ein Zyklus (C1, C2) eine Flllphase (PF)
initiiert, und in einen geschlossenen Zustand schal-
tet, wenn sich das Ende der Flllphase nahert.

Druckbeaufschlagungsvorrichtung (10) nach An-
spruch 3, wobei das DIMV (12) und die Doppelkopf-
pumpe (14) in einem einzigen Gehause integriert
sind, wobei eine kompakte Anordnung der FIE aus-
gebildet wird.

Druckbeaufschlagungsvorrichtung (10) nach An-
spruch 3 oder Anspruch 4, wobei, in Verwendung,
Niederdruckkraftstoff, der aus dem DIMV (12) aus-
tritt, an die Doppelkopfpumpe (14) abgegeben wird,
wobeierindem ersten Pumpzyklus (C1) oderindem
zweiten Pumpzyklus (C2) komprimiert wird.

Druckbeaufschlagungsvorrichtung (10) nach einem
der Anspriiche 3 bis 5, wobei die Doppelkopfpumpe
(14) umfasst:

- den ersten Pumpenkopf (16), der eine erste
Kompressionskammer (22), die einen ersten
Einlass (32), der durch ein erstes Einlassventil
(30) gesteuert wird, und einen ersten Auslass
(36), der durch ein erstes Auslassventil (34) ge-
steuert wird, aufweist, und einen ersten Kolben
(26), dersich, in Verwendung, zwischen UT und
OT entlang einer ersten Achse (X1) wechselsei-
tig bewegt, um den ersten Pumpzyklus (C1)
durchzufiihren, definiert;

- den zweiten Pumpenkopf (18), der eine zweite
Kompressionskammer (38), die einen zweiten
Einlass (46), der durch ein zweites Einlassventil
(44) gesteuert wird, und einen zweiten Auslass
(50), der durch ein zweites Auslassventil (48)
gesteuert wird, aufweist, und einen zweiten Kol-
ben (42), der sich, in Verwendung, zwischen UT
und OT entlang einer zweiten Achse (X2) wech-
selseitig bewegt, um den zweiten Pumpzyklus
(C2) durchzufiihren, definiert, und wobei

das digitale Einlassdosierventil (DIMV) (12) ein
Elektro-2-Wegeventil umfasst, das den Einlass
in eine Pufferkammer (20) steuert, die mit dem
ersten Einlass (32) und mitdem zweiten Einlass
(46) verbunden ist.

Druckbeaufschlagungsvorrichtung (10) nach An-
spruch 6, wobei, in Verwendung, in offenem Zustand
des DIMV (12) der Kraftstoff die Pufferkammer (20)
fullt und von dort die Kompressionskammer (22, 38)
des Pumpenkopfes (16, 18) flllt, die in Fillphase
(PF) ist und deren Volumen sich erhoht.



10.

1.

17

Kraftstoffeinspritzausriistung (6) fir einen Diesel-
verbrennungsmotor, die FIE umfassend eine Druck-
beaufschlagungsvorrichtung (10) nach einem der
vorstehenden Anspriiche.

Steuerverfahren (100) einer Kraftstoffeinspritzaus-
ristung (6) nach Anspruch 8, das Verfahren umfas-
send die folgenden Schritte:

- Empfangen (110) von Signalen, die es ermdg-
lichen, die Menge an Kraftstoff zu bestimmen,
die in den Motor eingespritzt werden muss;

- Berechnen (120) der Dauer, die das DIMV (12)
in offenem Zustand sein muss, um zu ermdgli-
chen, dass die erforderliche Menge an Kraftstoff
in die Pumpe (14) eintreten kann;

- Umschalten (130) des DIMV (12) in den offe-
nen Zustand, nachdem der Pumpzyklus (Cl) ei-
ne Flllphase (PF) initiiert;

- Umschalten (140) des DIMV (12) in den ge-
schlossenen Zustand, nachdem die Zeitdauer
abgelaufen ist, und,

dadurch gekennzeichnet, dass

der Schritt des Umschaltens (130) des DIMV (12) in
einen offenen Zustand ermdglicht, dass Kraftstoff,
die Pufferkammer (20) fullt, nachdem der Pumpzy-
klus (Cl) eine Fillphase (PF) initiiert, wobei die Ein-
lassventile (30) geschlossen werden, wobei ein
Kraftstoffeintritt in die Kompressionskammer verhin-
dert wird, wobei anschlieend, nach dem Umschalt-
schritt (130), das Verfahren (100) den Schritt um-
fasst

- Halten (134) des DIMV (12) in dem offenen
Zustand, wenn sich das Einlassventil (30) 6ffnet.

Steuerverfahren (100) nach Anspruch 9, wobei die
Kraftstoffeinspritzausriistung nach Anspruch 8 ist,
das Verfahren umfassend die folgenden Schritte:

- Berechnen (120) der Dauer, die das DIMV (12)
in offenem Zustand sein muss, um zu ermdgli-
chen, dass die erforderliche Menge an Kraftstoff
in die Doppelkopfpumpe (14) eintreten kann;

- Umschalten (130) des DIMV (12) in den offe-
nen Zustand, nachdem einer der Pumpzyklen
(C1, C2) eine Fillphase (PF) initiiert;

- Umschalten (140) des DIMV (12) in den ge-
schlossenen Zustand, wenn die Zeitdauer ab-
gelaufen ist.

Steuerverfahren (100) nach Anspruch 10, wobei die
Druckbeaufschlagungsvorrichtung(10) nach einem
der Anspriiche 6 oder 7 ist, wobei der Schritt des
Umschaltens (130) des DIMV (12) in einen offenen
Zustand ermdglicht, dass Kraftstoff die Pufferkam-
mer (20) fillt, wenn einer der Pumpenzyklen (C1,
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C2) eine Fiillphase (PF) initiiert, wobei sowohl das
erste als auch das zweite Einlassventil (30, 44) ge-
schlossen werden, wobei der Kraftstoffeintritt in die
Kompressionskammern verhindert wird, wobei an-
schlieend, nach dem Umschaltschritt (130), das
Verfahren (100) den Schritt umfasst

- Halten (134) des DIMV (12) in dem offenen
Zustand, wenn sich eines des ersten oder des
zweiten Einlassventils (30, 44) 6ffnet.

Elektronische Befehlseinheit (8), die angepasst ist,
um ein Verfahren (100) nach einem der Anspriiche
9 bis 11 auszufiihren.

Revendications

Dispositif de pressurisation (10) d’'un équipement
d’injection de carburant (FIE) direct d'un moteur a
combustion interne diesel, ledit dispositif de pressu-
risation (10) comprenant une soupape de dosage
d’entrée numérique (DIMV) (12) commandant une
communication fluidique d’entrée a une pompe (14),
ladite pompe (14) comprenant : une téte de pompa-
ge (16) définissant une chambre de compression
(22) ayant une entrée (32) commandée par une sou-
pape d’entrée (30) et une sortie (36) commandée
par une soupape de sortie (34), et un piston (26) se
déplagant réciproquement le long d’un axe de pom-
page (XI), entre BDC et TDC pour effectuer un cycle
de pompage (C1) ;

ledit cycle (C1) étant l'alternance d’'une phase
de remplissage (PF) et d’'une phase de com-
pression (PC) ; et

dans lequel la DIMV (12) est congue pour : pas-
ser a un état ouvert aprés que ledit cycle (C1)
lance une phase de remplissage (PF), et passer
a un état fermé a I'approche de la fin de ladite
phase de remplissage ;

caractérisé en ce que,

la soupape de dosage d’entrée numérique (DI-
MV) (12) comprend une soupape électromagné-
tigue a deux voies commandant I'entrée dans
une chambre tampon (20) reliée a I'entrée (32)
de sorte que, encours d’utilisation, al’état ouvert
de la DIMV (12), le carburant remplit ladite
chambre tampon (20) et de Ila, la chambre de
compression (22) dont le volume augmente en
phase de remplissage (PF).

Dispositif de pressurisation (10) selon la revendica-
tion précédente, dans lequel la DIMV (12) et la pom-
pe (14) sontintégrées dans un boitier unique formant
un ensemble compact du FIE.

Dispositif de pressurisation (10) selon la revendica-
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tion 1, dans lequel la pompe (14) est une pompe a
double-téte (14) effectuant, en cours d'utilisation, le-
dit premier cycle de pompage (C1) dans ladite pre-
miére téte de pompage (16) et, un second cycle de
pompage (C2) dans une seconde téte de pompage
(18), lesdits cycles (C1, C2) étant I'alternance d’'une
phase de remplissage (PF) et d’'une phase de com-
pression (PC), lesdits premier (C1) et second (C2)
cycles étant en opposition de phase 'un de l'autre
de sorte que, la phase de compression (PC) d'un
cycle est simultanée a la phase de remplissage (PF)
de l'autre cycle, et dans lequel, la DIMV (12) com-
mande la communication fluidique d’entrée avec la-
dite pompe a double-téte (14) et passe a un état
ouvertapres I'un ou 'autre cycle (C1, C2), lance une
phase de remplissage (PF) et passe a un état fermé
al'approchede lafin de ladite phase de remplissage.

Dispositif de pressurisation (10) selon la revendica-
tion 3, dans lequelle DIMV (12) etla pompe a double-
téte (14) sont intégrées dans un boitier unique for-
mant un ensemble compact du FIE.

Dispositif de pressurisation (10) selon la revendica-
tion 3 ou la revendication 4, dans lequel, en cours
d’utilisation, le carburant basse pression sortant de
la DIMV (12) est distribué a la pompe a double-téte
(14) dans lequel il est comprimé dans le premier cy-
cle de pompage (C1) ou dans le second cycle de
pompage (C2).

Procédé de pressurisation (10) selon 'une quelcon-
que des revendications 3 a 5, dans lequel la pompe
a double-téte (14) comprend :

- la premiére téte de pompage (16) définissant
une premiere chambre de compression (22)
ayantune premiére entrée (32) commandée par
une premiére soupape d’entrée (30) et une pre-
miére sortie (36) commandée par une premiere
soupape de sortie (34) et, un premier piston (26)
se déplacant réciproquement, en cours d'utili-
sation, entre BDC et TDC le long d’un premier
axe (XI) pour effectuer ledit premier cycle de
pompage (C1) ;

- la seconde téte de pompage (18) définissant
une seconde chambre de compression (38)
ayant une seconde entrée (46) commandée par
une seconde soupape d’entrée (44) et une se-
conde sortie (50) commandée par une seconde
soupape de sortie (48) et, un second piston (42)
se déplacant réciproquement, en cours d'utili-
sation, entre BDC et TDC le long d’'un second
axe (X2) pour effectuer ledit second cycle de
pompage (C2) et dans lequel,

la soupape de dosage d’entrée numérique (DI-
MV) (12) comprend une soupape électromagné-
tique a deux voies commandant I'entrée dans
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une chambre tampon (20) reliée a la premiere
entrée (32) et a la seconde entrée (46).

Dispositif de pressurisation (10) selon la revendica-
tion 6, dans lequel, en cours d'utilisation, a I'état
ouvert 30 de la DIMV (12), le carburant remplit ladite
chambre tampon (20) et de la, remplit la chambre
de compression (22, 38) de la téte de pompage (16,
18) qui est en phase de remplissage (PF) et dont le
volume augmente.

Equipement d’injection de carburant (6) pour un mo-
teur a combustion interne diesel, ledit FIE compre-
nant un dispositif de pressurisation (10) tel que re-
vendiqué dans I'une quelconque des revendications
précédentes.

Procédé de commande (100) d’'un équipement d’in-
jection de carburant (6) selon la revendication 8, le
procédé comprenant les étapes suivantes :

- la réception (110) de signaux permettant de
déterminer la quantité de carburant nécessaire
a étre injectée dans le moteur ;

- le calcul (120) de la durée pendant laquelle la
DIMV (12) doit étre a I'état ouvert pour permettre
a ladite quantité nécessaire de carburant d’en-
trer dans la pompe (14) ;

- le passage (130) de la DIMV (12) audit état
ouvert apres que le cycle de pompage (Cl) lance
une phase de remplissage (PF) ;

- le passage (140) de la DIMV (12) a I'état fermé
aprés que le temps de durée s’est écoulé et,

caractérisé en ce que

I’étape de passage (130) de la DIMV (12) a un état
ouvert permet a du carburant de remplir la chambre
tampon (20) aprés que le cycle de pompage (Cl)
lance une phase de remplissage (PF), les soupapes
d’entrée (30) étant fermées empéchant I'entrée de
carburant dans la chambre de compression puis,
aprés ladite étape de passage (130), le procédé
(100) comprend I'étape de

- maintien (134) de la DIMV (12) dans ledit état
ouvertlorsque la soupape d’entrée s’ouvre (30).

Procédé de commande (100) selon la revendication
9, I'équipement d’injection de carburant étant tel que
revendiqué dans larevendication 8, le procédé com-
prenant les étapes suivantes :

- le calcul (120) de la durée que la DIMV (12)
doit étre en état ouvert pour permettre a ladite
quantité nécessaire de carburant d’entrer dans
la pompe a double-téte (14) ;

- le passage (130) de la DIMV (12) audit état
ouvert apres que I'un ou l'autre des cycles de
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pompage (C1, c2) lance une phase de remplis-
sage (PF) ;

- le passage (140) de laDIMV (12) a I'état fermé
lorsque le temps de durée s’est écoulé.

Procédé (100) de commande selon la revendication
10, le dispositif de mise sous pression (10) étant tel
que revendiqué dans l'une ou l'autre des revendica-
tions 6 ou 7, dans lequel I'étape de passage19 (130)
de la DIMV (12) a un état ouvert permet a du carbu-
rant de remplir la chambre tampon (20) lorsque I'un
ou l'autre des cycles de pompage (C1, c2)lance une
phase de remplissage (PF), les deux premiére et
seconde soupapes d’entrée (30, 44) étant fermées
pour empécher une entrée de carburant dans les
chambres de compression puis, apres ladite étape
de passage (130), le procédé (100) comprend I'éta-
pe de

- maintien (134) la DIMV (12) dans ledit état
ouvert lorsque I'un ou l'autre parmi le premier
ou la seconde soupape d’entrée s’ouvre (30,
44).

Unité de commande électronique (8) adaptée pour
exécuter un procédé (100) selon I'une quelconque
des revendications 9 a 11.
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