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Description

[0001] The presentinvention relates to a fuelinjection
system of an internal combustion engine having at least
one cylinder cooperating with a piston activatedto rotate
a drive shaft. More specifically, the invention relates to
an injection system comprising a pump having at least
one pumping element activated to pump high-pressure
fuel; a rail for the fuel so pumped; and an injector for
injecting a given quantity of fuel from the rail into the
engine cylinder.

[0002] Inolddiesel engines, theinjectors are supplied
directly by a high-pressure fuel pump, the delivery of
which is temporarily discontinuous, timed with the en-
gine, and cyclically constant, i.e. a pump activated in
synchronism with the injectors. This type of operation
poses problems in adapting delivery of the pump to draw
by the injectors, inthe event of sharp variations in engine
speed or load.

[0003] In modern internal combustion injection en-
gines, each injector draws high-pressure fuel from a so-
called "common rail", which forms a fuel reserve for the
injectors and is normally supplied by a high-pressure
piston pump in turn supplied with fuel from the fuel tank
by a low-pressure pump.

[0004] In modern engines, the high-pressure pump of
known injection systems has a temporarily continuous
delivery not timed with the engine, i.e. is activated, for
example, by a cam and therefore supplies fuel substan-
tially continuously to the common rail, whereas the in-
jectors are activated at a predetermined stage in the en-
gine cylinder cycle. The fuel pressure in the common
rail is controlled by a pressure regulator, but, to cater to
large withdrawals of fuel, the common rail must be of
considerable volume and, therefore, size. The pump
must also be sized to cater to maximum fuel withdrawal
by the injectors as a whole during the engine cycle, so
that the volumetric efficiency of the pump is relatively
poor.

[0005] Known common-rail injection systems there-
fore cannot be fitted to old engines with injectors sup-
plied directly by the high-pressure pump, on account of
the bulk of the injection system, and the temporarily dis-
continuous delivery of the high-pressure pump, which is
therefore unsuitable for common-rail injection systems.
[0006] Moreover, the pressure regulator of known
common-rail injection systems normally comprises a
valve controlled by an electromagnet and located be-
tween the high-pressure pump and the common rail.
When the valve is closed, the fuel pumped by the high-
pressure pump is fed to the rail; and, when the valve is
opened partly orfully, the surplus fuel pumped is drained
along a drain conduit back into the tank.

[0007] In known technology, the pressure regulating
valve is closed by the electromagnet when this is ener-
gized, and is kept open by a spring when the electro-
magnet is deenergized, so that the electromagnetis en-
ergized by a high current to open the valve partly to reg-
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ulate the fuel pressure. Moreover, if the electromagnet
fails to be energized during operation of the engine, the
valve is opened fully by the spring, thus draining the
common rail completely and arresting the engine.
[0008] Fromdocuments US-A-5697 343, US-A-6 135
090 and DE 197 06 099 A, there are known fuel injection
systems for engines, each system comprising a fuel rail
supplied with fuel by a high pressure pump. This pump
is operated by a cam secured to a shaft rotating at a half
speed of the engine, and is provided with a spill solenoid
valve controlled by an electronic control unit. In docu-
ment US-A-5 697 343, the pump is operated twice in
synchronism with each piston of the engine. In docu-
ment US-A-6 135 090, the pump is operated by a sub-
stantially quadrangular cam, whereby the suction stroke
and the pumping stroke require each 45 degrees of the
cam rotation. In document DE 197 06 099 A, the pump-
ing action is effected only during the burning stroke of
the corresponding engine piston.

[0009] From documents EP-A-0 898 074 and EP-A-0
849 438, there are known other fuel injection systems,
each having a fuel rail supplied by a high pressure pump
operated by a cam shaft drawn by the engine shaft
through a flexible loop element. In documents EP-A-0
898 074, the pump has a number of delivery per two
rotations of the engine crankshaft, which is different
from the number of the cylinders of the engine. In doc-
ument EP-A-0 849 438, the cam of the pump is secured
to the engine intake camshaft in such an angular posi-
tion as to reduce a composite of the torque fluctuation.
[0010] It is an object of the present invention to pro-
vide an internal combustion engine fuel injection sys-
tem, which provides for a high degree of reliability, is
cheap to produce, and eliminates the aforementioned
drawbacks typically associated with known injection
systems.

[0011] According to the present invention, there is
provided a fuel injection system for an internal combus-
tion engine having a number of cylinders cooperating
with corresponding pistons and activated to rotate a
drive shaft; said system comprising a pump having at
least one pumping element activated to pump high-
pressure fuel; a fuel rail communicating with a delivery
conduit of said pump and for receiving the fuel so
pumped; and a number of injectors associated with said
number of cylinders and communicating with said rail,
said injectors being activated to draw each a given
quantity of fuel from said rail and inject it into the asso-
ciated cylinder; and said quantity varying according to
the instantaneous load of said engine; at least one said
pumping element having a delivery at least equal to the
maximum draw of said injectors, said pumping element
being activated each time by a cam carried by a shaft
rotating in time with said drive shaft; characterized in
that, said cam comprises a lift designed to activate said
at least one pumping element with a phase of -50° to +
20° with respect to the top dead center position at the
compression stroke of a corresponding piston in said
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cylinder when fuel is injected by the corresponding in-
jector.

[0012] A preferred, non-limiting embodiment of the
present invention will be described by way of example
with reference to the accompanying drawings, in which:

Figure 1 shows a diagram of an internal combustion
engine common-rail fuel injection system in accord-
ance with the invention;

Figure 2 shows a schematic section of a first varia-
tion of a high-pressure pump for the Figure 1 injec-
tion system;

Figure 3 shows a schematic section of a further var-
iation of the high-pressure pump for the Figure 1
injection system;

Figure 4 shows an operating graph of the injection
system according to the invention;

Figure 5 shows a mid-section of a fuel premetering
device for the Figure 1 system;

Figure 6 shows an operating graph of the Figure 5
premetering device.

[0013] Number 1 in Figure 1 indicates as a whole a
common-rail fuel injection system of an internal com-
bustion, e.g. diesel, engine 2 comprising a number of,
e.g. four, cylinders 3 cooperating with corresponding
pistons (not shown) activated to rotate a drive shaft 4
indicated by the dot-and-dash line in Figure 1. Drive
shaft 4 is connected by a transmission device 9to acon-
ventionalcamshaft 10 controlling the intake and exhaust
valves of cylinders 3.

[0014] Injection system 1 comprises a number of elec-
tromagnetic injectors 5 associated with and for injecting
high-pressure fuel into cylinders 3.

[0015] Injectors 5 are connected to a common header
or so-called common rail 6, which is supplied with high-
pressure fuel along a high-pressure delivery conduit 8
by a mechanical high-pressure pump 7.

[0016] High-pressure pump 7 is in turn supplied by a
low-pressure, e.g. motor-driven, pump 11. A low-pres-
sure delivery conduit 12 and a fuel filter 13 are located
between motor-driven pump 11 and pump 7. And motor-
driven pump 11 is normally housed in the fuel tank 14,
in which a drain conduit 16 terminates to drain off the
surplus fuel from motor-driven pump 11 and filter 13.
[0017] A pressure regulating device 17, for regulating
the pressure in conduit 8, is located between delivery
conduit 8 of high-pressure pump 7 and drain conduit 16,
and comprises a solenoid valve defined by a valve 18
controlled by an electromagnet 19. Valve 18 provides
forfeeding any surplus fuel into drain conduit 16 to main-
tain the required pressure in common rail 6. Conduit 16
also feeds into tank 14 the drain fuel of injectors 5 and,
via a pressure-limiting valve 21, any surplus fuel accu-
mulated in common rail 6.

[0018] Thefuelintank 14 is at atmospheric pressure.
In actual use, motor-driven pump 11 compresses the fu-
el to a low pressure, e.g. of about 2-3 bars; high-pres-
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sure pump 7 compresses the incoming fuel from conduit
12 to feed the fuel along conduit 8 to common rail 6 at
a high pressure, e.g. of about 1500 bars; and each in-
jector 5 injects into respective cylinder 3 a quantity of
fuel ranging between a minimum and maximum value,
under the control of an electronic control unit 22, which
may be defined by the usual central microprocessor
control unit controlling engine 2.

[0019] Control unit 22 receives signals indicating the
operating conditions of engine 2 - such as the position
of accelerator pedal 23, the number of revolutions of
drive shaft 4, and the fuel pressure in common rail 8,
which are detected by corresponding sensors - and, by
processing the incoming signals according to a given
program, controls the instant and for how long individual
injectors 5 are operated, as well as the flow of low-pres-
sure motor-driven pump 11.

[0020] Accordingtothe invention, control unit 22 con-
trols device 17 self-adaptively, so as to premeter the fuel
supplied along conduit 8 to common rail 6. High-pres-
sure pump 7 comprises one or more pumping elements
24, each having a cylinder 26 and a piston 27, which is
activated by a corresponding cam 28, 30 (see Figures
2 and 3). Cams 28, 30 are carried by a drive shaft of
pump 7, which is preferably defined by an engine shaft
provided for other functions. For example, the drive
shaft of pump 7 may be defined by shaft 10 operating
the intake and exhaust valves of cylinders 3, or by drive
shaft 4 itself.

[0021] Each pumping element 24 of pump 7 has a
constant delivery at least equal to the maximum draw of
each injector 5; and each cam 28, 30 is shaped to acti-
vate the corresponding pumping element 24 in synchro-
nism, i.e. in pumping phase, with the corresponding in-
jector 5, so as to minimize the variation in fuel pressure
in common rail 6.

[0022] Since the fuel draw time of injectors 5 is vari-
able, the synchronism or pumping phase of piston 27
andthe corresponding injector 5 is intended inthe sense
that the stroke, controlled by cam 28, 30, of piston 27 is
performed within the operating phase of the correspond-
ing cylinder 3 of engine 2 into which fuel is injected. Ad-
vantageously, the lifts of cam 28, 30 are designed to ac-
tivate pumping element 24 with a phase of -50° to +20°
(engine angle) with respect to the top dead center posi-
tion at the compression stroke of the corresponding cyl-
inder 3 of engine 2 into which fuel is injected by the cor-
responding injector 5.

[0023] Device 17 premeters the fuel so that the
amount of fuel supplied to conduit 8 by each pumping
element 24 equals the sum of the amount of fuel to be
injected by the corresponding injector 5, the amount of
fuel required to operate injector 5, and any leakage,
which varies according to the wear of injector 5. Any sur-
plus fuel pumped by the activated pumping element 24
is drained by device 17 into conduit 16.

[0024] This therefore ensures that, following fuel in-
jection into each cylinder 3 of engine 2, common rail 6
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is supplied with substantially the amount of fuel drawn
by the corresponding injector 5, so that, when fuel is next
drawn, the fuel pressure has been restored. The volume
of common rail 6 may therefore be minimized, so that
injection system 1 is compact and cheap to produce,
and can be designed for retrofiiting, even on existing
direct-injection engines, i.e. with no common rail 6.
[0025] In a first variation of pump 7 for injection sys-
tem 1, each piston 27 of pump 7 is activated by a cam
28 (Figure 2) having a lift 29 for performing a full stroke
of piston 27. In which case, each pumping element 24
is activated each time in pumping phase with an injector
5 of engine 2 (Figure 1). Pump 7 may have a number of
pumping elements 24 equal to the number of injectors
5, in which case, cams 28 are timed on shaft 10 so that
each pumping element 24 is activated in pumping phase
with the corresponding injector 5.

[0026] Alternatively, pump 7 may have a number of
pumping elements 24 equal to a submultiple of the
number of injectors 5, or even only one pumping ele-
ment24. Transmission device 9 and/orthe profile of cam
28 are therefore selected to activate each pumping el-
ement 24 in pumping phase with more than one injector
5 or even all of injectors 5.

[0027] In afurther variation of high-pressure pump 7,
each pumping element 24 is activated by a cam 30 (Fig-
ure 3) with a segmented profile, so as to control the
stroke of the corresponding piston 27 in two ormore por-
tions. Transmission device 9 and/or the profile of cam
30 are therefore selected so that each cam 30 moves
piston 27 through a portion of its stroke in pumping
phase with a corresponding injector 5.

[0028] More specifically, forthe engine 2 with four cyl-
inders 3 in Figure 1, the Figure 3 pump 7 may have two
pumping elements 24, and cam 30 of each piston 27
has a lift comprising two successive up or compression
steps 31 and 32, and only one down or intake step 33.
Each step 31 and 32 moves relative piston 27 through
a corresponding portion of the compression stroke,
while down step 33 controls a single intake stroke.
[0029] Thebargraph34in Figure 4 shows intermittent
fuel draw from rail 6 made successively by injectors 5
of engine 2. The dash line 35 shows the maximum pres-
sure, controlled by valve 21, of the fuel in rail 6, and the
continuous line 36 the actual fuel pressure in rail 6. As
shown clearly by line 36, by virtue of being pumped in
phase by pumping elements 24 of pump 7, the fuel in
rail 6 undergoes very little variation, which is limited to
the interval between one draw and the next by injectors
5, and is therefore practically negligible.

[0030] Valve 18 of premetering device 17 is normally
closed by elastic means, e.g. a spring 37 (Figure 1), and
electromagnet 19 is energized to open valve 18 in op-
position to spring 37. In a preferred embodiment, valve
18 comprises a hollow, substantially cylindrical valve
body 38 (Figure 5) having an axial conduit 39 connect-
able, in use, to high-pressure conduit 8 (Figure 1), and
a first cylindrical cavity 41 communicating and coaxial
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with conduit 39. The lateral wall of cavity 41 has an in-
ternally threaded portion 42; valve body 38 also has a
coaxial second cylindrical cavity 43 forming an annular
shoulder 44 with cavity 41; and the lateral wall of cavity
43 has an externally threaded portion 45.

[0031] Valve 18 also comprises a shutter defined by
a ball 46, which cooperates with a truncated-cone-
shaped seat 47 of a cylindrical member 48 having a cen-
tral hole 49. Member 48 is housed inside cavity 41, so
that seat 47 communicates with axial conduit 39, and is
fixed inside cavity 41 by a threaded inner ring nut 51
having a prismatic hole 52 engaged by an Allen wrench.
[0032] Electromagnet 19 comprises a cylindrical core
53 made of magnetic material and which has a central
hole 54, and an annular cavity 55 housing the solenoid
56 of electromagnet 19. Solenoid 56 activates an arma-
ture 57 made of ferromagnetic material and in the form
of a disk with radial slits 58. Armature 57 has an axial
appendix or stem 59 housed in hole 52 and for engaging
ball 46. The surface of armature 57 on the opposite side
to stem 59 is flat and cooperates with two polar surfaces
60 of core 53.

[0033] Core 53 is forced inside a cylindrical cavity 61
of a cup-shaped body 62 comprising a lateral wall 63
with two annular grooves 64; an end wall 66 with an axial
depression 67; an axial conduit 68 connected, in use, to
drain conduit 16 of injection system 1; and an annular
edge 69 on the opposite side to lateral wall 63.

[0034] Cup-shaped body 62 is housed inside cavity
41 of valve body 38 with the interposition of a high-pres-
sure fuel seal 71, and is fixed inside cavity 41 of valve
body 38 by a threaded outer ring nut 72 having a shoul-
der 73 engaging edge 69 of cup-shaped body 62. A cal-
ibrated shim 74 is interposed between shoulder 44 of
valve body 38 and cup-shaped body 62, and defines the
axial travel of armature 57.

[0035] Spring 37 of valve 18 is a helical compression
spring, and is located between depression 67 in end wall
66 and a flange 76. Flange 76 has a pin 77 inserted in-
side an axial depression in armature 57; and a further
pin 78 for guiding spring 37. Spring 37 is calibrated to
keep ball 46 in the closed position until the fuel pressure
in conduit 39 reaches the maximum operating value of
injection system 1.

[0036] The component parts of valve 18 are assem-
bled inside valve body 38 by first inserting cylindrical
member 48 inside cavity 41. Inserting an Allen wrench
inside hole 52, inner ring nut 51 is then screwed inside
threaded portion 42 to fix member 48 firmly inside cavity
41 of valve body 38. On one side, ball 46 and stem 59
of armature 57 are then inserted inside hole 52 in mem-
ber 48, and, on the other side, core 53 and solenoid 56
are inserted inside cup-shaped body 62.

[0037] Flange 76 and spring 37 are then inserted in-
side hole 54 in core 53; shim 74 is inserted inside cavity
41 of valve body 38; cup-shaped body 62 with seal 71
is inserted inside cavity 41; and outer ring nut 72 is
screwed on to threaded portion 45, so that the edge of
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lateral wall 63 rests on shim 74, and cup-shaped body
62 is fixed firmly inside cavity 41 of valve body 38.
[0038] Self-adaptive premetering device 17 operates
as follows.

[0039] Spring 37 normally keeps ball 46 in the closed
position, so that none of the high-pressure fuelin conduit
39 passes through valve 18, and all the high-pressure
fuel is fed along conduit 8 to common rail 6. When the
pressure of the fuel in conduit 39 exceeds the set max-
imum, e.g. in the event of a fault on valve 21, the fuel
pressure overcomes spring 37 to move ball 46 into the
open position, so that the surplus fuel is drained into tank
14 via hole 49 in member 48, hole 52 in ring nut 51, slits
58 in armature 57, hole 54 in core 53, conduit 68 in cup-
shaped body 62, and drain conduit 16.

[0040] When the operating conditions of engine 2 call
for a lower fuel pressure than the maximum to which
spring 37 is set, control unit 22 operates valve 18 to
premeter fuel supply to rail 6 self-adaptively. That is, de-
pending on the operating conditions of engine 2, unit 22
simultaneously emits a control signal for controlling the
individual injector 5, and a control signal for controlling
valve 18 and which energizes solenoid 56 of electro-
magnet 19 with a corresponding electric current |.
[0041] Electromagnet 19 therefore attracts armature
57 with a force in opposition to that of spring 37 to move
ball 46 into a corresponding open position, so that the
amount of fuel supplied to common rail 6 at each oper-
ation of a pumping element 24 substantially equals the
amount of fuel drawn by the corresponding injector 5 at
the same phase, and which equals the sum of the
amount of fuel injected into cylinder 3, the amount of fuel
usedto operate injector5, andthe amount of fuel leaking
through the joints of the various conduits of injector 5.
[0042] Asisknown,the mostfrequentvariations inthe
flow of valve 18 are those close to the flow correspond-
ing to the setting of spring 37, i.e. to the set maximum
fuel pressure in rail 6, while variations in fuel flow at a
fuel pressure close to drain pressure are more or less
rare or useless. The excitation current of electromagnet
19 advantageously varies between zero, when ball 46
is to be kept in the closed position by spring 37, and a
maximum value Imax, when valve 18 is to be opened
fully. More specifically, electromagnet 19 is energized
by a current | inversely proportional to the required pres-
sure P in conduit 8, as shown by the continuous line in
the Figure 6 graph. Current | therefore varies between
zero, to allow spring 37 to keep valve 18 fully closed so
that the fuel pressure in conduit 8 is maximum, and a
predetermined maximum value Imax to open valve 18
fully and reduce the fuel pressure to the atmospheric
pressure in tank 14.

[0043] . The above control strategy of device 17 is the
reverse of known pressure regulators, in which the reg-
ulating valve is closed when the electromagnet is ener-
gized, and in which the fuel pressure in conduit 8, infact,
is substantially inversely proportional to the excitation
current | of the electromagnet, as shown by the dash
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line in Figure 6. The reverse control strategy is particu-
larly useful, since a small-volume rail 6 is subject to fre-
quent microvariations in pressure, which can be correct-
ed by energizing electromagnet 19 with a very low cur-
rent.

[0044] The advantages, with respect to known injec-
tion systems, of the fuel injection systems according to
the invention will be clear from the foregoing description.
In particular, the volume of common rail 6 can be re-
duced, thus reducing the cost of the injection system;
the flow of pump 7 may also be lower than that required
by known technology; and the injection system may be
retrofitted to any known injection engine.

[0045] Moreover, in the event electromagnet 19 fails
to be energized, premetering device 17 ensures against
any pressure drop in or fuel drainage from the common
rail, so that the engine continues operating. Since vari-
ations in flow at pressures close to the setting of spring
37 are obtained with a very low current, operation of
premetering device 17 is more reliable. Andfinally, since
a low current is sufficient to control considerable forces
generated by the high fuel pressure, and with respect to
which the inertia and/or friction of ball 46 and armature
57 are negligible, the flow of valve 18 can be controlled
extremely accurately.

[0046] Clearly, further changes can be made to the
injection system as described herein without, however,
departing from the scope of the accompanying Claims.
For example, engine 2 may have only one cylinder 3;
pump 7 may have a number of pumping elements 24
otherthanthatindicated; cams 38 may have a segment-
ed profile with more than two lifts; and/or more than one
injector 5 may be provided for each cylinder 3.

[0047] Pump 7 may be activated by a dedicated shaft,
as opposed to a shaft provided for other engine func-
tions; and the dedicated shaft may be activated by the
drive shaft via a gear transmission or belt and toothed
pulley transmission, or even by a respective electric mo-
tor operated in time with drive shaft 4 by control unit 22.
[0048] Valve 18 may also be used as a pressure reg-
ulator in known common-rail injection systems. And
spring 37 in Figure 5 may be replaced by a Belleville
washer or leaf spring, and ball 46 by a plate.

Claims

1. A fuel injection system for an internal combustion
engine having a number of cylinders (3) cooperat-
ing with corresponding pistons and activated to ro-
tate a drive shaft (4); said system comprising a
pump (7) having at least one pumping element (24)
activated to pump high-pressure fuel; a fuel rail (6)
communicating with a delivery conduit (8) of said
pump (7) for receiving the fuel so pumped; and a
number of injectors (5) associated with said number
of cylinders (3) and communicating with said rail (6),
said injectors (5) being activated to draw each a giv-
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en quantity of fuel from said rail (6) and inject it into
the associated cylinder (3); and said quantity vary-
ing according to the instantaneous load of said en-
gine (2); at least one said pumping element (24)
having a delivery at least equal to the maximum
draw of each one of said injectors (5), said pumping
element (24) is activated each time by a cam (28,
30) carried by a shaft (4, 10) rotating in time with
said drive shaft (4); characterized in that said cam
(28, 30) comprises a lift (29, 31, 32) designed to ac-
tivate said at least one pumping element (24) with
a phase of -50° to + 20° with respect to the top dead
center position at the compression stroke of a cor-
responding piston in said cylinder (3) when fuel is
injected by the corresponding injector (5).

An injection system as claimed in Claim 1, wherein
said pump (7) comprises a number of pumping el-
ements (24) equal to a submultiple of the number
of said cylinders (3), characterized in that each
said pumping element (24) is activated by a seg-
mented-profile cam (30) having a group of lift steps
(31, 32) to control a corresponding group of succes-
sive portions of the travel of said pumping element
(24) in phase with operations of corresponding
group of said injectors (5).

An injection system as claimed in Claim 1 or 2,
wherein said pump (7) comprises a pumping ele-
ment (24) for every two of said cylinders (3); char-
acterized in that said segmented-profile cam (30)
has a profile defined by two successive lift steps
(31, 32) providing two corresponding portions of the
travel of said pumping element (24).

An injection system as claimed in Claim 3, charac-
terized in that said segmented profile cam (30) al-
so comprises a single intake step (33) providing a
single intake stroke of said pumping element (24).

An injection system as claimed in one of the fore-
going Claims, comprising a premetering device (17)
for self-adaptive premetering fuel flow to said rail
(6) characterized in that said premetering device
(17) comprises a valve (18) normally closed by elas-
tic means (37); said valve (18) being controlled by
an electromagnet (19) which is energized to open
said valve (18) in opposition to said elastic means
(87).

An injection system as claimed in Claim 5, charac-
terized in that said electromagnet (19) is controlled
by said control unit (22) as to be energized with a
current inversely proportional to the required pres-
sure in said rail (6).
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Patentanspriiche

1.

Kraftstoffeinspritzsystem fiir einen Verbrennungs-
motor mit einer Anzahl von Zylindern (3), die mit
entsprechenden Kolben zusammenarbeiten und
aktiviert werden, um eine Antriebswelle (4) in Dre-
hung zu versetzen; wobei das System Folgendes
umfasst: eine Pumpe (7) mit mindestens einem
Pumpelement (24), das aktiviert wird, um Hoch-
druck-Kraftstoff zu pumpen; eine Kraftstoff-Vertei-
lerleitung (6), die mit einer Férderleitung (8) der
Pumpe (7) in Verbindung steht, um den so gepump-
ten Kraftstoff aufzunehmen; und eine Anzahl von
Injektoren (5), die zu der Anzahl von Zylindern (3)
gehdren und mit der Verteilerleitung (6) in Verbin-
dung stehen, wobei die Injektoren (5) aktiviert wer-
den, um jeweils eine gegebene Menge Kraftstoff
aus der Verteilerleitung (6) abzuziehen und in den
zugehérigen Zylinder (3) einzuspritzen; und wobei
die Menge entsprechend dermomentanen Last des
Motors (2) variiert; wobei das mindestens eine
Pumpelement (24) eine Forderleistung mindestens
gleich der maximalen Ansaugmenge eines jeden
der Injektoren (5) aufweist, wobei das Pumpele-
ment (24) jedes Mal durch einen von einer Welle (4,
10) getragenen Nocken (28, 30) aktiviert wird, der
sich im Takt mit der Antriebswelle (4) dreht; da-
durch gekennzeichnet, dass der Nocken (28, 30)
eine Erhebung (29, 31, 32) umfasst, die dazu aus-
gelegt ist, das mindestens eine Pumpelement (24)
mit einer Phase von -50° bis +20° in Bezug auf den
oberen Totpunkt im Verdichtungshub eines ent-
sprechenden Kolbens in dem Zylinder (3) zu aki-
vieren, wenn Kraftstoff durch den entsprechenden
Injektor (5) eingespritzt wird.

Einspritzsystem nach Anspruch 1, bei dem die
Pumpe (7) eine Anzahl von Pumpelementen (24)
gleich einem Bruchteil der Anzahl der Zylinder (3)
umfasst, dadurch gekennzeichnet, dass jedes
Pumpelement (24) durch einen Nocken (30) mit ei-
nem mehrteiligen Profil aktiviert wird, der eine
Gruppe von stufenartigen Erhebungen (31, 32) auf-
weist, um eine entsprechende Gruppe von aufein-
ander folgenden Abschnitten des Weges des Pum-
pelements (24) in Phase mit Vorgdngen der ent-
sprechenden Gruppe der Injektoren (5) zu steuern.

Einspritzsystem nach Anspruch 1 oder 2, bei dem
die Pumpe (7) ein Pumpelement (24) fur jeweils
zwei Zylinder (3) umfasst, dadurch gekennzeich-
net, dass der Nocken (30) mit mehrteiligem Profil
ein durch zwei aufeinander folgende stufenartige
Erhebungen (31, 32) definiertes Profil aufweist, das
zwei entsprechende Abschnitte des Weges des
Pumpelements (24) bereitstellt.

Einspritzsystem nach Anspruch 3, dadurch ge-
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kennzeichnet, dass der Nocken (30) mit mehrtei-
ligem Profil auBerdem eine einzige Ansaugstufe
(33) umfasst, die einen einzigen Ansaughub des
Pumpelements (24) bereitstellt.

Einspritzsystem nach einem der vorstehenden An-
spriiche mit einer Vordosiervorrichtung (17) zum
selbstadaptierenden  Vordosieren des Kraft-
stoffstroms zu der Verteilerleitung (6), dadurch ge-
kennzeichnet, dass die Vordosiervorrichtung (17)
ein Ventil (18) umfasst, das durch elastische Mittel
(37) normalerweise geschlossen ist; wobei das
Ventil (18) durch einen Elektromagneten (19) ge-
steuert wird, der aktiviert wird, um das Ventil (18)
entgegen den elastischen Mitteln (37) zu éffnen.

Einspritzsystem nach Anspruch 5, dadurch ge-
kennzeichnet, dass der Elekiromagnet (19) durch
das Steuergerét (22) gesteuert wird, um mit einer
Stromstérke aktiviert zu werden, die umgekehrt
proportional ist zu dem erforderlichen Druck in der
Verteilerleitung (6).

Revendications

Systéme d'injection de carburant pour moteur a
combustion interne ayant plusieurs cylindres (3)
coopérant avec des pistons correspondants et ac-
tionnés pour faire tourner un arbre d'entrainement
(4) ; ledit systéme comprenant une pompe (7) ayant
au moins un élément de pompage (24) actionné
pour pomper du carburant sous haute pression ;
une rampe a carburant (6) communiquant avec un
conduit d'alimentation (8) de ladite pompe (7) pour
recevoir le carburant ainsi pompé ; et plusieurs in-
jecteurs (5) associés avec lesdits plusieurs cylin-
dres (3) et communiquant avec ladite rampe (6),
lesdits injecteurs (5) étant actionnés pour prélever
chacun une quantité de carburant donnée a partir
de ladite rampe (6) et l'injecter dans le cylindre as-
socié (3) ; et ladite quantité variant selon la charge
instantanée dudit moteur (2) ; ledit au moins un élé-
ment de pompage (24) ayant un débit au moins égal
au prélévement maximum de chacun desdits injec-
teurs (5), ledit élément de pompage (24) étant ac-
tionné chaque fois par une came (28, 30) portée par
un arbre (4, 10) tournant en phase avec ledit arbre
d'entrainement (4) ; caractérisé en ce que ladite
came (28, 30) comporte une levée (29, 31, 32) con-
cue pour actionner ledit au moins un élément de
pompage (24) avec une phase de -50 © & +20 ° par
rapport & la position de point mort haut lors de la
course de compression d'un piston correspondant
dans ledit cylindre (3) lorsque du carburant est in-
jecté par l'injecteur correspondant (5).

2. Systéme d'injection selon la revendication 1, dans
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lequel ladite pompe (7) comprend un nombre d'élé-
ments de pompage (24) égal a un sous-multiple du
nombre desdits cylindres (3), caractérisé en ce
que ledit chaque élément de pompage (24) est ac-
tionné par une came & profil segmenté (30) ayant
un groupe d'étapes de levée (31, 32) pourcomman-
der un groupe correspondant de parties successi-
ves de la course dudit élément de pompage (24) en
phase avec le fonctionnement du groupe corres-
pondant desdits injecteurs (5).

Systeme d'injection selon la revendication 1 ou 2,
dans lequel ladite pompe (7) comprend un élément
de pompage (24) pour deux desdits cylindres (3) ;
caractérisé en ce que ladite came a profil segmen-
té (80) a un profil défini par deux étapes de levée
successives (31, 32) assurant deux parties corres-
pondantes de la course dudit élément de pompage
(24).

Systeme d'injection selon la revendication 3, carac-
térisé en ce que ladite came a profil segmenté (30)
comprend également une levée d'admission unique
(83) assurant une course d'admission unique dudit
élément de pompage (24).

Systeme d'injection selon l'une quelconque des re-
vendications précédentes, comprenant un disposi-
tif de prédosage (17) pour prédoser de maniére
auto-adaptative le débit de carburant alimentant la-
dite rampe (6) caractérisé en ce que ledit dispositif
de prédosage (17) comprend une soupape (18) nor-
malement fermée par des moyens élastiques (37) ;
ladite soupape (18) étant commandée par un élec-
troaimant (19) qui est excité pour ouvrir ladite sou-
pape (18) en opposition auxdits moyens élastiques
(37).

Systeme d'injection selon la revendication 5, carac-
térisé en ce que ledit électroaimant (19) est com-
mandé par ladite unité de commande (22) de sorte
a étre excité par un courant inversement propottion-
nel & la pression requise dans ladite rampe (6).
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