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Description

[0001] The present invention refers to a fuel injection
device adapted to inject precise amounts of highly pres-
surized fuel into the cylinder of a two-stroke or four-
stroke diesel engine.

[0002] Conventional injection systems make use of a
plunger pump to pressurize the fuel circuit and inject the
same fuel at a sufficiently high pressure in the cylinder
of the engine. In the most common one of these sys-
tems, the pump, which is operated by a cam driven by
the same engine, pressurizes the injection circuit up to
such an extent as to cause the spring-loaded needle of
the nozzle to open, thereby starting the phase in which
fuelis injected in the combustion chamber. Relieving the
pressure onto the pump causes the circuit to decom-
press and this in turn causes the needle to close and
the injection phase to terminate.

[0003] Various systems are used to control the begin-
ning and the end of the pumping action. In the most com-
monly used types of pumps, it is the pump plunger itself
that controls these phases by stopping and clearing,
during its stroke, corresponding ports provided in the
pumping element guide; in other systems, such an ac-
tion can be performed by mechanically or electronically
controlled valves. In this latter case, through an appro-
priate action of the control organs of the valves it is pos-
sible for both the starting instant of the pumping action
with respect to the engine cycle and the duration of the
injection, and therefore the amount of fuel injected, to
be modified. Owing to the pumping element being op-
erated by a cam, the closing phase of the valve(s), ie.
the beginning of the pumping action, will take place at
different speeds of the pumping element and will there-
fore affect the characteristics of the injection cycle.
[0004] In all of the above described systems, the in-
jection (phase and duration) control action is performed
by the pump which must be appropriately synchronized
with the engine. The injector itself has on the contrary a
passive role from a control point of view and, through
the motion of the needle of the nozzle brought about by
the pressure waves generated by the pump, ensures
that the injection starts and ends at well-defined pres-
sure levels.

[0005] In another type of operation, a mechanically
actuated and mechanically or electronically controlled
pump pressurizes a manifold system, or common rail,
with an action that is totally independent of the actual
injection action which is on the contrary controlled by
preferably electronically controlled injectors. No corre-
lation exists in this case between the timing of the pump
and the timing of the engine, while the pump itself can
be operated in an asynchronous manner independently
of the engine. The injection control action, both in terms
of timing thereof and duration or injected amount, is en-
tirely performed by the injectors through the action of
suitable electronically controlled valves that are an inte-
gral part of the injectors themselves.
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[0006] The usual injection systems have an injection
pressure that follows an almost triangular law versus
time. The initial and, above all, the final phase of the
injection take therefore place at relatively low pressures
and this causes the fuel to be atomized in a certainly not
optimum manner in view of both the efficiency of the en-
gine and the formation of polluting compounds. The in-
jection pump which, as already stated, is the actual reg-
ulation organ of these apparatuses, is driven by the en-
gine and, therefore, its performance is strongly affected
by the operating conditions, in particular the running
speed thereof. The performance that can actually be ob-
tained from the injection apparatus will therefore be
strongly influenced by the rotating speed and the power
output of the engine.

[0007] A one of the targets which engineers con-
cerned with the development of injection systems are
constantly aiming at is the possibility for the whole
amount of fuel to be injected under optimum atomization
conditions by implementing and performing injection cy-
cles that are characterized by rapid pressure rises and
falls in the initial and terminal parts of the cycle. On the
other hand, excessive values of these parameters tend
to bring about negative effects, so that the need arises
for the injection law that is actually capable of favouring
the best possible combustion, in terms of both engine
efficiency and formation of polluting compounds, to be
found out for each engine and operating condition there-
of.

[0008] The fuel injection systems for diesel engine of
the so-called common-rail type are constituted by a
pressure accumulator or manifold, which is kept at a
constant pressure by means of a pump, and one or more
injectors connected thereto through proper tubings. A
properly controlled organ, which may be constituted by
a valve or the same needle of the nozzle according to
the various cases, regulates the fuel flow from said man-
ifold to the nozzle and, therefore, the combustion cham-
ber.

[0009] Accordingly, the operating principle of these in-
jection apparatuses is very simple if compared with most
currently used apparatuses. However, it is just this
seeming simplicity where most of the practical imple-
mentation difficulties lie which have precluded any con-
crete development thereof until most recently. In fact,
the amount of fuel that is injected in each cycle depends
exclusively on the response times of the control organs
of the outflow coefficients of the flow governing organs
(ie. valve, needle, nozzle), further to the rail pressure.
There is no self-adjusting capability as in traditional ap-
paratuses relying on a control on the pump so that the
dosing function of the same pump tends to "dampen"
the dispersion introduced by the other organs of the ap-
paratus.

[0010] The operating time and the hydraulic charac-
teristics of the control organ determine both the phase,
or timing, and the amount of fuel injected. The charac-
teristic parameters of the injection, therefore, are not de-
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termined by the pump, as this on the contrary occurs in
traditional apparatuses, but solely by the motion of the
flow control organ. This of course makes injection fully
independent of the manner in which the engine oper-
ates, owing to the regulation parameters being fully dis-
engaged from both the rotation speed and the load of
the engine.

[0011] The inherent flexibility of the system in terms
of injection pressure, timing and shape of the injection
law, can only be used to any actual advantage if use is
made of an electronic control of the control organ: as a
matter of fact, the development of this type of appara-
tuses has been tightly tied to, ie. strongly affected by the
availability of electronically controlled actuators featur-
ing suitable characteristics.

[0012] There are two basic categories of apparatuses
that achieve such a principle. The first one uses, as a
control organ, the same needle of the nozzle and, there-
fore, fuel under pressure is constantly available up-
stream of the nozzle itself. In this case, the needle is
constantly unbalanced as far as hydraulic forces are
concerned, so that remarkable forces are required in
view of obtaining the desired response times. The nee-
dle is therefore always operated by means of a system
of pilot valves which are in turn actuated by an electric
actuator.

[0013] The second category, which the device being
described here actually belongs to, makes use of a valve
arranged between the rail and the nozzle, which is there-
fore only subject to the injection pressure during the ac-
tive injection period, similarly to what actually occurs in
traditional apparatuses with pump-connected control.
The motion of the needle of the nozzle is controlled by
the course of the injection pressure in the same manner
as it occurs in traditional apparatuses.

[0014] In this second case it is possible for valves to
be provided which are balanced with respect to the
mjection pressure and can be controlled directly by the
electric actuator. Those skilled in the art are generally
well aware of the fact that the used of balanced valves
offers considerable advantages not only from an oper-
ating point of view, but also in terms of performance,
reliability and wide choice of valve types to ideally com-
ply with any definite application requirements.

[0015] The valves themselves can be either of the
two-way or the three-way type. In the first case the valve
is constituted by a simple shutter, or plunger, which is
adapted to shut and to open the passage from the rail
to the nozzle; in the second case, which the present in-
vention refers to, there is also a third port connecting
the nozzle to a discharge circuit when the plunger is not
activated. The two-way plunger solution has a major
drawback in that it brings about the pressure drop on
the nozzle at the end of the injection solely by means of
the flow on the same nozzle. The terminal phase of the
injection turns therefore out to be inherently less rapid
and stable with respect to the case in which the decom-
pression of the volume between valve and nozzle oc-
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curs through the action of the plunger itself.
[0016] Three-way valves must have following charac-
teristics:

- high response speed,

- high repeatability and constancy in the long run,
even in the presence of weardown and settling-
down or adjustment occurrences of the component
parts thereof,

- tight sealing capability when in closed state.

- reduced actuation forces so as to be able to be di-
rectly connected to electric actuators,

- fuel passage cross-sections that are in good pro-
portion with the outflow sections of the nozzle.

[0017] There are various possible solutions in this
connection, some of which have already been proposed
and experimented. These can essentially be brought
down to the schematics appearing in Figure 1, in which
the balancing effect is obtained through a symmetrical
construction of the inlet and discharge seats. If imple-
mented in an appropriate manner, such a geometry is
capable of meeting all of the afore mentioned require-
ments, except for the last one since, owing to construc-
tion-related reasons, it is not possible for the diameters
of the seats to be reduced arbitrarily. This is the reason
why the outflow section of the valve turns in all cases
out to be considerably larger than the section existing
in correspondence of the needle and the nozzle.
[0018] Owing to the symmetry of the outflow sections
of the seats, the pressure wave that causes the needle
of the nozzle to open is generated by the motion of the
valve much in advance of the moment in which the dis-
charge portis fully closed. This contributes to the control
of the injection being made precarious, in particular in
the presence of short injection durations, ie. in the order
of the response times of the actuator.

[0019] The disproportion between the outflow section
of the valve and the one of the nozzle causes a consid-
erable amount of fuel to be lost by leaking through the
discharge seat during the motion of the valve, thereby
lowering the overall efficiency of the injection apparatus
owing to a non-negligible proportion of the pump flow
rate being so discharged during these phases.

[0020] Furthermore, the drawbacks of a non-optimum
combustion in terms of polluting effect by the exhaust
fumes are well-known

[0021] Such a solution, although effective, widely
proven and based on readily available techniques free
of any particular risks from a technical point of view, has
therefore a drawback that is increasingly objected as the
search is intensified for increasingly efficient and "clean"
injection and combustion technologies.

[0022] The above discussions and issues are gener-
ally well-known to those skilled in the art and have only
been set forth here to favour a better understanding of
the scope of the present invention.

[0023] From US 5,094,215 an fuel injector is known
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having a two-part plunger assembly in combination with
a solenoid controlled two position valve elements and a
cam assembly (cam follower 90, link 32) ; however said
injector appears to be quite complicated due to the fact
that, apart from the cam assembly and the solenoid, four
different springs (22, 30, 38 68) are needed and there-
fore its mechanical configuration and its operation do
result highy complicated and burdensome.

[0024] It therefore is a purpose of the present inven-
tion to provide an injection device according to claim 1
for diesel engines of the common-rail type that is capa-
ble of doing way with the above mentioned drawbacks
in terms of both fuel usage and polluting effects, and is
further capable of being manufactured in a low-cost, re-
liable manner through the use of readily available tech-
niques and materials.

[0025] The features and advantages of the invention
will anyway be more readily understood from the de-
scription which is given below by way of non-limiting ex-
ample with reference to the accompanying drawing, in
which:

- Figure 1 is a simplified schematical view of a valve
for an injection device adapted for use in connection
with the common-rail technology, according to the
prior art;

- Figure 2 is a simplified schematical view of a valve
for aninjection device adapted for use in connection
with the common-rail technology, according to the
present invention;

- Figure 3 is a schematical view of the most signifi-
cant component parts and assemblies of an injector
according to the present invention, as correctly as-
sembled together in their normal operation state;

- Figure 4 is a schematical view of the valve body of
the valve shown in Figure 2, in the closed state
thereof;

- Figure 5 is a schematical view of the valve body of
the valve shown in Figure 2, in the open state there-
of;

- Figure 6 is a magnified view of a critical detail of
Figure 5;

- Figures 7, 8 and 9 are respective views of three dis-
tinct variants in the embodiment of the valve accord-
ing to the present invention;

- Figure 10 is a simplified schematical view of a lon-
gitudinal median section of a valve for an injection
device adapted for use in connection with the com-
mon-rail technology, in the closed state thereof, ac-
cording to an embodiment of the present invention;
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- Figure 11 is a schematical view of the same item
illustrated in Figure 10, however with the valve in its
open state;

- Figure 11A is a view of a variant of the valve illus-
trated in Figure 11;

- Figure 12 is a simplified schematical view of a lon-
gitudinal median section of a valve for an injection
device adapted for use in connection with the com-
mon-rail technology, in the closed state thereof, ac-
cording to a second embodiment of the present in-
vention;

- Figure 13 is a schematical view of the same item
illustrated in Figure 12, however with the valve in its
open state;

- Figure 14 is a view of a variant of a valve according
to the present invention.

[0026] The term "fuel" will be used without distinction
throughout the following description to mean each and
any of the various liquid fuels suitable for the diesel cy-
cle. Such a simplification will however by no means af-
fect the clearness of what is being set forth therein, ow-
ing to the context in which such a term is used, as any-
one skilled in the art is capable of readily understanding.
[0027] Referring to Figure 2, which illustrates a pre-
ferred embodiment, a solution according to the present
invention is described below, along with the related op-
erating principle.

[0028] In particular, the valve body 1 can be noticed
to be provided with an inner housing in which there are
arranged;

- some conduits communicating with the outside,
- further cavities or seats and
- aplunger4,

all these above cited elements being described in great-
er detail further on.

[0029] Further illustrated in such a Figure is the actu-
ator 2 that is adapted to actuate, in generally known
manners, said plunger 4 so as to vary the position there-
of within said valve body 1.

[0030] The upper portion of said inner housing is oc-
cupied by a typically annular chamber 11, while the cen-
tral portion is occupied by said plunger 4. The lower por-
tion of said inner housing is in turn occupied by a cham-
ber 12, which is also typically annular.

[0031] The outer walls of said plunger are closely ad-
hering, albeit slidably, to the corresponding portion of
the inner walls of said housing, so that no fuel is practi-
cally allowed to seep between said two chambers 11
and 12 through passageways or gaps that may be
present between said plunger and the inner walls of said
housing.
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[0032] A discharge conduit 7 enters said chamber 11,
while the injection conduit 6 leading to the needle valve
or nozzle 51 is arranged to enter said chamber 12 along
with the feeding conduit 5 from the high-pressure fuel
source.

[0033] For construction-related reasons, said injec-
tion 6 may be extended through the use of an extension
conduit 61 before it reaches the nozzle 51.

[0034] As it can be more clearly noticed in Figures 4
and 5, the plunger 4 is adapted to move into two extreme
positions; in the first one of these positions, ie. the rest-
ing one illustrated in Figure 4, the plunger is lowered
and in such a position it is adapted to close the passage
between the conduit 5 and the conduit 6, while the pas-
sage that is also known under the denomination of dis-
charge valve, and whose section is generally indicated
at Aiinthe Figure, is open between said chamber 11 and
a wall thereof that constitutes the seat 3, which will be
defined further on as the seat 3 of the discharge valve,
onto which the upper portion of the plunger comes to lie,
thereby closing also the passage from the chamber 11
to the discharge conduit 7.

[0035] In this condition, there is no passage or injec-
tion of fuel towards the conduit 6.

[0036] In the opposite situation, ie. the one illustrated
in Figure 5, the plunger is actuated upwards and this
causes a passage, generally indicated at B in the Figure,
to be opened between the conduit 5 and the conduit 6,
while the above mentioned passage A is at the same
time closed.

[0037] In this condition, the same injection pressure
prevailing in the common rail, and passing through said
open passage B, comes to prevail in the conduit 6.
[0038] Since the generally acknowledged drawback
lies in the wide difference existing between the minimum
fuel outflow sections at the outlet of the nozzle 51 and
the minimum outflow sections of both the fuel feeding
conduit 5 and the discharge conduit 7, the devised so-
lution is essentially based on a reduction of such a dif-
ference between said minimum sections. In particular,
the outflow section B of the injection conduit 6 can be
made as small as considered appropriate, albeit within
determined construction-related limits, and be situated
in front of a conduit 10 of equivalent diameter provided
inside said plunger.

[0039] Such a conduit 10 extends along a good por-
tion of the body of said plunger to resurface therefrom
into the chamber 11 comprised between said plunger
and said seat 3 of the discharge valve.

[0040] In an advantageous manner, the outflow port
5a between the conduit 5 and said chamber 12 and the
inflow port 6a of the conduit 6 are arranged as close as
possible to each other so that the two conduits are ca-
pable of being completely connected to each other even
with a minimum stroke of the plunger. This reduces the
connection times and the separation time of these con-
duits with respect to each other.

[0041] Such a circumstance, along with the fact that
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the inner conduit 10 can be provided with a large dis-
charge section A, enables a pressure drop to be brought
about very swiftly in the conduit 10 and, therefore, the
therewith connected conduit 6.

[0042] The minimum outflow sections at the inlet pas-
sage B and discharge passage A are determined by the
inside diameters of the respective seats (DO for the inlet
seat, D2 for the discharge seat), the angle of the respec-
tive sealing cones, and the maximum lift of the plunger,
which is obviously the same for both seats.

[0043] The condition of a balanced hydraulic load on
said plunger requires on the contrary that the upward
thrust surface be equal to the downward thrust surface.
This is obtained by making the outside sealing diameter
of the inlet seat D 1 equal to the inside diameter of the
discharge seat D2 and selecting the diameter D3 of the
plunger in correspondence of the discharge seat in such
a manner that the surface area of the circular crown
comprised between D3 and D2 is equal to the surface
area of the circle having the diameter D1. The balance
condition is therefore independent of the control diam-
eter of the outflow section of the inlet seat DO, which can
therefore be selected solely on the basis of fluid-dynam-
ic considerations. The possibility for the sealing angles
of the two seats to be so differentiated offers the addi-
tional possibility for the respective outflow sections
thereof to be made different.

[0044] The operating principle is as follows:

[0045] When the plunger is in its resting position, the
feeding conduit 5 is kept closed by the action of the con-
trasting spring or similar action of the actuator. In such
a position, the nozzle is communicating with the dis-
charge through the discharge port or passage A that is
open, so that only the pressure of the discarge conduit
7 acts on the nozzle.

[0046] When the actuator is energized, it causes the
plunger to move upwards, thereby opening the inlet port
B and closing the discharge port A. When the plunger
eventually reaches its end-of-stroke point, which is rep-
resented by the contact being established by the same
plunger with the seat of the discharge port, the nozzle
is fully connected with the feeding conduit, whereas the
discharge conduit is fully closed. The pressure rise that
in this way is brought about upstream of the needle of
the nozzle causes the latter to open, in a much similar
manner in which this occurs in conventional injection de-
vices.

[0047] When the actuator is then de-energized, the
plunger, under the closing force generated by either the
return spring or the actuator itself, moves back into its
resting position, thereby opening the discharge port and
closing the inlet one. Such an opening of the discharge
port brings about an abrupt pressure fall on the nozzle
which in turn causes the needle to immediately close
owing to the action of the return spring thereof, thereby
reaching the aim of the present invention.

[0048] While fully preserving a perfect balance of the
hydraulic forces, as this is absolutely necessary in view
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of enabling a direct control by an electric actuator, the
invention is based on the marked dissymetry of the out-
flow sections of the two discharge and inlet ports A and
B.

[0049] Referring again to Figures 4 and 5, it can be
noticed that the outline inside the box 20 represents the
development of the frustum of cone relating to the out-
flow section A and, in particular, the area of said section
corresponds to the hatched zone; similarly, the drawing
or outline inside the box 21 in Figure 5 represents the
development of the frustum of cone relating to the out-
flow section of the inlet port B, while the area of such a
section corresponds even in this case to the hatched
zone.

[0050] From a comparison of said two hatched zones
with each other, the difference clearly emerges which
exists between said outflow zones as far as the area
thereof is concerned.

[0051] The connection of the two ports with each other
can be brought about either inside the valve, as this is
schematically illustrated in Figure 2, or along the plunger
body. The choice between such two solutions will be dic-
tated only by the size of the plunger rod and the passage
sections.
[0052]
tion are:

The main advantages deriving from this solu-

- the outflow section of the inlet port B is not condi-
tioned by the construction-related need for the two
seats to be coupled to each other symmetrically, so
that it can be selected to be as small as appropriate
or convenient on the basis of the sole injection con-
trol requirements; this also contributes to an in-
creased efficiency of the system by reducing the
flow discharged during the displacement of the
plunger;

- the section of the discharge port is sensibly larger
than the one of the inlet port. The beginning and the
end of the injection are therefore controlled to a
much greater extent by the closure of the discharge
port than by the opening of the inlet port. This makes
it possible for very short injections to be obtained
even without the use of or having to rely upon very
fast actuators; furthermore, the plunger is able to
carry outits complete stroke evenin the case of very
short injection durations, thereby definitely increas-
ing the repeatability of the process.

[0053] The valve body 1 ofthe discharge valve is float-
ing with respect to the carrying structure of the valve and
is kept on its guide by the plunger. This considerably
facilitates the construction of the plunger-to-valve body
1 coupling and the seal of the discharge seat.

[0054] Given the minimum tolerances required, it
turns out to be particularly advantageous if it is the
plunger that positions the valve body 1 and not the other
way round. This in fact makes it possible for a consist-
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ent, very accurate machining operation to be carried out
between saiod plunger and valve body, regardless of the
machining precision of the valve body around there.
[0055] The invention allows for a number of construc-
tional variants, which are symbolically represented in
Figures 8 and 9 and do not actually need much expla-
nation, since they are fully within the capability of under-
standing of those skilled in the art.

[0056] Figure 7 illustrates the technical solution that
appears also in the preceding Figures, whereas Figure
8 emphasizes how the connection between the conduit
6 and the chamber 11 can be carried out outside the
plunger, namely through an appropriate fixed conduit
21A contained in the valve body 1. Figure 9 on the con-
trary illustrates a further variant, in which the conduit 10
splits out, inside the plunger 4, into two symmetrical off-
shoots 10a and 10b that reach the chamber 11.

[0057] To the mere purpose of better introducing the
improvements illustrated further on in this description,
mention is made here of the fact that three-way valves
must have following characteristics:

- high response speed,

- high repeatability and constancy in the long run,
even in the presence of weardown and settling-
down or adjustment occurrences of the component
parts thereof,

- tight sealing capability when in closed state.

- reduced actuation forces so as to be able to be di-
rectly connected to electric actuators,

- fuel passage cross-sections that are in good pro-
portion with the outflow sections of the nozzle.

[0058] In the course of functional tests carried out on
a number of samples of injectors having the character-
istics according to the above description, it has however
been found that some residual problems tend to anyway
come afloat in connection with the closure of the conduit
and the balancing of the plunger, so as to partly limit the
above cited characteristics.

[0059] One of the so identified problems depends on
the fact that the closure of the first chamner 11 is ob-
tained through an intermittent circular contact brought
about by the contact between two surfaces that are frus-
to-conical both of them; it has been experimented, and
it is on the other hand easily understandable, that such
a type of contact is rather uncertain and scarcely con-
trollable, since the slightest deviation in the geometry of
the parts involved tends to cause the sealing, ie. shutting
elements to become uncoupled and, as a result, the
sealing effect itself to become less effective.

[0060] A further drawback, which again depends on
the type of coupling between frusto-conical surfaces, is
ascribable to the weardown effect that takes place be-
tween the frusto-conical surface of the plunger 4 and the
circular edge which, generally indicated at D2 in the Fig-
ure, delimitates the passage of the fuel from the cham-
ber 11 to the discharge conduit 7.
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[0061] Owingtothe operation of the injector, the wear-
down of the circular edge D2 tends to cause the contact
and, therefore, sealing surface to be shifted outwards.
This again tends to modify the thrust surface onto which
the injection pressure comes to act when the valve is
fully open and, as a result, to change the valve balancing
conditions.

[0062] A further drawback tends to occur under fol-
lowing condition: when the outflow section B is closed,
the pressure at the inlet of the discharge conduit 7 tends
to increase very swiftly, thereby bringing about, on the
walls 20 of the plunger in Figure 5, a corresponding
pressure increase that tends to throw out of balance the
pressures that act on the same plunger altogether. In
particular, such anincrease in the pressure on said walls
20 acts in the sense that it decreases the pressure with
which the plunger closes onto the outflow section B and,
as a result, it favours the occurrence of circumstances
that may allow or cause the plunger to be raised, thereby
opening said outflow section B.

[0063] Such a condition, however, has the effect of
making the operation of the whole injector more critical,
since it is required, for safety reasons in the case of a
malfunctioning, that the plunger be capable of automat-
ically moving into the position in which it closes said out-
flow section B. The potential riskiness of such a solution
comes therefore fully to light if only, for some reason
whatsoever, an uncontrollable unbalance condition oc-
curs in the pressures in the various conduits and cham-
bers of the injectors.

[0064] Referring now to Figures 10 et seq., which il-
lustrate some improvements of the invention, said first
chamber 11, in view of bestowing greater clearness to
the description, is subdivided into two different contigu-
ous and alternately connecting chambers, ie.:

- acompensating chamber 11A, which is formed by
the portion of said housing that is defined as the
separate hollow portion permanently communicat-
ing with the conduit 7 when said plunger is in its
closing position, and

- the actual first chamber 11 comprised in the hollow
portion of said housing surrounding said plunger
and delimited, towards said discharge conduit 7, by
said plunger closing against the corresponding por-
tion of said valve body 1.

[0065] Mention is made here of the fact that, in the
prior art, the outflow section B connecting, inside said
second chamber 12, said first conduit 5 to said third con-
duit 6 is generally in the same order of magnitude as the
outflow section of said final injection members, as well
as markedly smaller than the outflow section A connect-
ing said discharge conduit 7 to said compensating
chamber 11A.

[0066] According to the related descriptions, said first
chamber is provided with a portion 20 adapted to en-
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gage the upper portion 21 of said plunger in order to
close said discharge conduit 7. As shown in Figures 10
and 11, said portion 20 has a frusto-conical contour
against which said upper portion 21 of the plunger is
able to abut.

[0067] Accordingto animprovement of the presentin-
vention, also the upper portion 21 of said plunger has a
frusto-conical contour that is coaxial with said frusto-
conical portion 20 of said first chamber.

[0068] Inview of eliminating the first above cited draw-
back, the angle X at the base of said frusto-conical por-
tion 21 of said plunger is suitably smaller than the angle
Y at the base of the frusto-conical contour of said portion
20 of said first chamber.

[0069] Such a geometry causes the contact between
the two surfaces to take place along the outside diam-
eter of the cylindrical body of the plunger. The angle X
might also be nil, as shown in Figure 11A, and in this
case also the angle Y would be brought down to zero
(zero divergence on a plane seal).

[0070] Going back to the general case in which the
angles X and Y are not nil, the line of abutment between
the plunger and said first chamber becomes a circum-
ference, of which the two intersecting points 45 and 46
with the section plane are indicated, and which is situ-
ated along the upper edge of the cylindrical body of the
plunger.

[0071] A further advantage of the cone-cylinder type
of seal lies in the fact that the seal diameter is not altered
in the case of weardown effects. To state it more pre-
cisely, in the case of weardown or settling-down effects
it is the contact between the two portions extending in-
wards that is modified within the chamber 11A, ie. where
the pressure is the discharge one and not the injection
one, so that the resulting effect on the overall balance
condition is much lower. Furthermore, the closure of the
passage towards said discharge conduit causes the
flow of fuel through said conduit 10, which may or may
not extend through the body of the plunger, to be inter-
rupted.

[0072] In an advantageous manner, when said plung-
er terminates its upward stroke to abut against said first
chamber, said outflow section B opens, thereby allowing
said first conduit 5 to directly communicate with said
third conduit 6.

[0073] Such a situation is favoured by the fact that,
when the injector is open, a connection is established,
through said conduit 10, between the first chamber 11
and said first conduit 5, so that said first chamber is pres-
surized and such a pressure, owing to its acting transi-
torily also on the surface of said frusto-conical portion
21 of said plunger 4, tends to push the latter downwards
and, therefore, to close it, in contrast with the desired
opening condition

[0074] Conditions may however arise so that the pres-
sure in the chambers 11 and 11A is excessive and there-
fore, the resulting force acting on said frusto-conical por-
tion is such as to hinder the plunger from duly opening
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under the corresponding action of the opening mem-
bers.

[0075] In order to do away with this problem, a type
of valve as illustrated in Figures 12 and 13 is therefore
provided, in which the upper portion 47 of the plunger is
provided, on the side thereof facing said compensating
chamber 11A, with two enlarging shoulders 48; further-
more said upper portion 47 is required to have a larger
section than strictly necessary, as this clearly emerges
from a comparison between the corresponding Figures
11 and 13. In this manner, in fact, the pressure in the
compensating chamber 11A acts also on said shoulders
48 of the upper portion 47 of the plunger.

[0076] It can therefore be readily appreciated that the
presence of the above mentioned shoulders is instru-
mental in generating an upward thrust, and therefore
contrasting the above cited thrust that tends to balance
the plunger.

[0077] The advantage as compared to the initial solu-
tion derives from the fact that the thrusts, or pushing ef-
fects, are due to the discharge pressure, and not the
injection one, said two pressure being in a ratio of ap-
prox. two orders of magnitude.

[0078] By appropriately modifying the diameter of the
portion 47 of the plunger it is possible for said thrust or
pushing effect to be regulated so as to obtain the desired
closing force for the particular operating condition.
[0079] Those skilled in the art are generally well
aware of the fact that a very important factor as far as
the safety and stability of the injector are concerned is
connected to the plunger tending to spontaneously
move into its lowered, ie. closing position if conditions
prevail in which plunger position control is not fully as-
sured. An injector must therefore be so designed and
constructed as to ensure such balance conditions as to
make it possible for the valve, when it is fully open, to
be effectively and readily closed without any difficulty.
[0080] However, owing to the uncertainties on the ac-
tual section of the terminal portion 21 of the plunger
when the valve is fully open, mainly due to the weardown
of the seats involved, it has been observed that, in this
situation, the valve shows a certain resistance to its be-
ing closed. This resistance is due to the pressure of the
fuel coming from the injection conduit 5, which presses
against the entire area of the lower section of the plung-
er, said section being symbolically indicated at D1 in Fig-
ure 13.

[0081] To do away with such a drawback, the present
invention teaches to make said plunger so that it actually
comprises two coaxial cylindrical bodies 50, 51 firmly
joined with each other, of which the first body 50 com-
prises the afore cited and illustrated frusto-conical por-
tion 21 adapted to move into abutment against an outer
wall of said first chamber, while the second body 51 has
a diameter that is larger than the diameter of said first
body, and is arranged in a position below said first body
facing said second chamber 12.

[0082] Both said bodies and the housing are so sized

10

15

20

25

30

35

40

45

50

55

and shaped as to enable said bodies to freely slide with-
in said housing and, as far as said second body 51 is
concerned, without any gap or side clearance.

[0083] According to the present invention, the transi-
tion portion from said first body to said second body is
formed by an annular step-like configuration 60 that may
have any inclination whatsoever, ie. with an angle that
may be situated anywhere between the theoretical ex-
treme values from 0° to 180° with respect to the axis of
the plunger, but preferably an inclination of 90°, consist-
ently with the existing geometrical constraints.

[0084] Furthermore, said conduit 10 connects the
side of said plunger which is in communication with said
injection conduit 6, with the interior of said first chamber
beyond said transition portion, as this is clearly illustrat-
ed in the Figure. In practice, this is instrumental in ena-
bling a pressure to act on said annular step-like config-
uration that tends to cause said plunger to lower and,
therefore, to move into closing, wherein such a condition
is still a preferred one in the case that the position of the
plunger cannot be perfectly and effectively controlled
with usual means.

[0085] It clearly appears that, for the fuel pressure in-
duced in said first chamber 11 to be able to exert such
an overall pressure on the plunger as to impress on it a
force that tends to move it into its closing position, or at
least favour its moving into such a position, while over-
coming any other hydraulic pressure of the fuel tending
to keepitin its opening position, the area of said annular
step-like configuration, on a plane that is orthogonal to
the moving direction of the plunger, must be sized ap-
propriately and, therefore, also the mutual dimensions
of said two bodies of the plunger are thereby deter-
mined. The applicable sizing criteria are well within the
ability of all those skilled in the art, so that they shall not
be dealt with here.

[0086] Similarly to the example that has been de-
scribed above with reference to Figure 8, a variant is
further possible in which the conduit 10 can be provided
outside the plunger, through an appropriate fixed con-
duit contained in said valve body 1 as shown in Figure
14.

Claims

1. Injector, preferably of the electromagnetic type,
adapted to supply fuel to an internal-combustion en-
gine, in particular a Diesel engine, comprising:

- an upper portion provided with an actuator (2)
adapted to be selectively energized and de-en-
ergized,

- avalve body (1) provided with an inner housing,

- a plunger (4) operated by said actuator and
mounted slidably within said housing in which
there are provided, in the space that is not oc-
cupied by said plunger, at least a first chamber
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(11) and a second chamber (12),

a needle valve (51) adapted to control the flow
of fuel under pressure and capable of moving
towards an opened position to enable the fuel
under pressure to pass therethrough when said
alternating plunger, operated by said actuator,
is in the position defined by said actuator being
energized, and a closed position to interrupt the
flow of the fuel under pressure when said plung-
er moves into the position defined by the actu-
ator being de-energized,

a first conduit (5) adapted to transfer an inter-
mittent flow of fuel from a high-pressure fuel
source to one of said chambers,

a second conduit (7), which is also defined as
discharge conduit, adapted to transfer an inter-
mittent flow of fuel from one of said chambers
to fuel discharge means,

a third conduit (6) adapted to transfer an inter-
mittent flow of fuel from one of said chambers
to said needle valve, even via appropriate con-
duits (61) arranged between said one chamber
and said needle valve,

said first, second and third conduits (5, 7, 6) be-
ing capable of being selectively and alternately
connected and/or closed in accordance with
the position taken by said plunger (4), which is
adapted to be operated into selectively taking
a first position corresponding to the related ac-
tuator being de-energized, so that said first
conduit (5) is closed, and a second position cor-
responding to the related actuator being ener-
gized, so that said second conduit (7) is closed,

characterized in that:

the outer walls of said plunger (4) are fully ad-
hering, although slidably, against part of the in-
ner walls of said housing, so as to prevent any
fuel from seeping or flowing between said two
chambers (11, 12) through passages or gaps
provided between said plunger and the inner
walls of said housing,

said discharge conduit (7) flows into said first
chamber (11),

said first conduit (5) and said third conduit (6)
flow into said second chamber (12),

the outflow section (B) that connects, inside
said second chamber (12), said first conduit (5)
with said third conduit (6) is of the same order
of magnitude as the outflow section of said nee-
dle valve, and significantly smaller than the out-
flow section (A) that connects, inside said first
chamber (11), said second or discharge conduit

).

Injector according to claim 1, characterized in that:
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- in the full-open position of said plunger, said
third conduit (6) is set in connection with said
first conduit (5), while said second conduit (7)
is fully closed:

- in the opposite extreme position of said plung-
er, said third conduit (6) is separated from said
first conduit (5) and set in connection with said
second or discharge conduit (7).

Injector according to claim 2, characterized in that:

- the outflow port (5a) of said first conduit (5) into
said second chamber (12) is substantially ad-
jacent to the outflow port (6a) of said third con-
duit;

- thefinal portion of said second chamber (12) is
in the shape of a frustum of cone and the cor-
responding final portion of said plunger has, in
correspondence of the outflow section of said
first conduit (5), a frusto-conical shape adapted
to fittingly join with said final portion of said sec-
ond chamber (12) and close said outflow sec-
tion (B);

- the outflow port (5a) of said first conduit is ar-
ranged on a wall of the final frusto-conical por-
tion of said second chamber (12);

- the inlet port (6a) of said third conduit is ar-
ranged on the bottom of said second chamber
(12).

Injector according to claim 3, characterized in that:

- the minimum outflow sections in said inlet pas-
sage (B) and discharge passage (A) are deter-
mined by the inside diameters of the respective
seats (D0, D2), the angle of the respective seal-
ing cones, and the maximum lift of the plunger;

- the outside sealing diameter of the inlet seat
(D1) is made equal to the inside diameter of the
discharge seat (D2);

- the outside diameter (D3) of the plunger in cor-
respondence of the discharge seat is sized so
that the surface of the circular crown comprised
between said inside diameter (D2) of the dis-
charge seat and said outside diameter (D3) of
the plunger is equal to the surface of the circle
of said outside sealing diameter (D1) of the inlet
seat.

Injector according to claim 4, characterized in that
said plunger is provided with at least a longitudinal
inner channel (10), and that an aperture (10c) of
said longitudinal channel is situated in front of said
inlet port (6a) of said third conduit .

Injector according to claim 5, characterized in that
said inner channel (10) flows, with its upper section,
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into said first chamber (11).

Injector according to claim 6, characterized in that
between the upper portion of said inner channel
(10) and said first chamber (11) there is arranged a
further conduit (31) that has two distinct outlets into
said first chamber.

Injector according to claim 7, characterized in that
said distinct outlets are opposite with respect to
each other.

Injector according to claim 4, characterized in that
a conduit (21A) connecting said third conduit (6) to
said first chamber (11) is arranged in said valve
body (1).

Injector according to claim 4, characterized in that
between the upper portion of said inner channel
(10) and said first chamber (11) there are arranged
two distinct conduits (10a, 10b).

Injector according to any of the preceding claims, in
which said first chamber (11) is subdivided into two
different contiguous and alternately connected
chambers, of which a chamber (11A), which is also
called the compensating chamber, is formed by the
portion of said housing that is defined as the sepa-
rate hollow portion permanently communicating
with the discharge conduit (7) when said plunger is
in its closing position, the actual first chamber (11)
being delimited, towards said discharge conduit (7),
by said plunger closing against the corresponding
portion of said valve body (1), characterized in
that:

- said actual first chamber (11) is provided with
a wall adapted to engage a corresponding por-
tion of said plunger to close said second or dis-
charge conduit (7), said wall having a frusto-
conical contour with a specified angle (X) at the
base that delimits the stroke of said plunger;

- said corresponding portion of said plunger has
a frusto-conical contour, with a specified angle
(Y) at the respective base, coaxially to said
frusto-conical contour of said portion of said
first chamber (11), in which said angle at the
base of said portion of said first chamber is
greater than the angle at the base of said frusto-
conical portion of said corresponding portion of
said plunger.

Injector according to claim 11, characterized in
that:

- in the full-open position of said plunger, said
third conduit (6) is set in connection with said
first conduit (5) while said second conduit (7) is
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fully closed;

- said first chamber (11) is closed with respect to
said second conduit (7) by the cylindrical base
(45, 46) of said portion of said plunger abutting
against said frusto-conical contour of said por-
tion (20) of said first chamber;

- in the opposite extreme position of said plung-
er, said third conduit (6) is separated from said
first conduit (5) and set in connection with said
second or discharge conduit (7).

Injector according to claim 11 or 12, characterized
in that said plunger (4) is provided with an upper
portion (47) that, on the side thereof facing said
compensating chamber (11A), has at least an en-
largement shoulder (48) adapted to intercept the
pressure of said first chamber so as to exert a force
on said plunger that acts in the opening direction
thereof

Injector according to claim 1, characterized in that:

- said plunger (4) is provided with two cylindrical
and coaxial bodies (50, 51), of which the first
body (50) comprises a cylindrical portion and a
frusto-conical portion (21) adapted to move into
abutting against an outer wall of said first cham-
ber (11);

- the second body (51) has a diameter that is
larger than the diameter of said first body (50),

- said second body being freely slidable within
said housing, without any gap or side clear-
ance;

- the transition portion between said first body
and said second body is in the form of an an-
nular step-like configuration (60);

- said annular step-like configuration has an in-
clination that may be situated anywhere be-
tween the theoretical extreme values from 0° to
180°, but preferably an inclination of 90°, with
respect to the axis of the plunger;

- a conduit (10) connects the lower end portion
of said plunger, which communicates with said
injection conduit (6), with the interior of said first
chamber (11), which is delimited on a side by
said annular step-like configuration.

Injector according to claim 14, characterized in
that the area of said annular step-like configuration
(60), on the plane that is orthogonal to the moving
direction of the plunger, is sized so that the pressure
induced by the fuel on said annular step-like con-
figuration is capable of exerting a pressure on said
plunger that, when the latter is in its open position,
is such as to impart to the same plunger a force that
tends to move it into its closing position by overcom-
ing any other hydraulic pressure of the fuel that
tends to keep it in its open position.
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Patentanspriiche

1.

Einspritzventil, vorzugsweise der elektromagneti-
schen Ausflihrung, angepasst fir Kraftstoffeinsprit-
zung in einen Verbrennungsmotor, insbesondere
einen Dieselmotor, umfassend:

einen oberen Abschnitt mit einem Stellglied (2),
angepasst fur selektives Aktivieren und Deak-
tivieren,

einen Ventilkérper (1) mit einem inneren Ge-
hause,

einen StoRelkolben (4), der von dem Stellglied
betrieben wird und verschiebbar in dem Ge-
hause befestigt ist, innerhalb dessen in dem
Raum, der nicht von dem St6Relkolben einge-
nommen wird, wenigstens eine erste Kammer
(11) und eine zweite Kammer (12) bereitgestellt
werden,

ein Nadelventil (51), angepasst zur Steuerung
des unter Druck stehenden Kraftstoffstromes,
das in der Lage ist, sich auf eine gedffnete Stel-
lung hin zu bewegen, um den unter Druck ste-
henden Kraftstoff durch dieselbe hindurch zu
lassen, wenn sich der von dem Stellglied be-
triebene, sich hin und her bewegende StoRel-
kolben in der von dem aktivierten Stellglied de-
finierten Stellung befindet, und auf eine ge-
schlossene Stellung hin, um den Strom unter
Druck stehenden Kraftstoffes zu unterbrechen,
wenn sich der StéRelkolben in die von dem de-
aktivierten Stellglied definierte Stellung be-
wegt,

eine erste Leitung (5), angepasst fiir Ubertra-
gung eines intermittierenden Kraftstoffstromes
von einer Hochdruck-Kraftstoffquelle zu einer
der Kammern,

eine zweite Leitung (7), die auch als Abflusslei-
tung definiert ist, angepasst fiir Ubertragung ei-
nes intermittierenden Kraftstoffstromes von ei-
ner der Kammern zu einer Kraftstoff-Austritts-
leitung,

eine dritte Leitung (6), angepasst fiir Ubertra-
gung eines intermittierenden Kraftstoffstromes
von einer der Kammern zu dem Nadelventil,
auch uber geeignete Leitungen (61), die zwi-
schen der einen Kammer und dem Nadelventil
angeordnet sind,

wobei die erste, die zweite und die dritte Lei-
tung (5, 7, 6) entsprechend der Stellung des
StoRelkolbens (4) selektiv und abwechselnd
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verbunden und/oder geschlossen sein kénnen,
wobei der StéRRelkolben selektiv eine erste Stel-
lung einnehmen kann, wenn das entsprechen-
de Stellglied deaktiviert wird, so dass die erste
Leitung (5) geschlossen wird, bzw. eine zweite
Stellung, wenn das entsprechende Stellglied

aktiviert wird, so dass die zweite Leitung (7) ge-
schlossen wird,

dadurch gekennzeichnet, dass:

- die AulRenwande des StéRelkolbens (4) voll-
sténdig, wenn auch verschiebbar, an einem Teil
der Innenwande des Gehauses anhaften, so
dass verhindert wird, dass Kraftstoff zwischen
den beiden Kammern (11, 12) durch Kanale
oder Licken zwischen dem StoéRelkolben und
den Innenwanden des Gehauses sickert oder
stromt,

- die Austrittsleitung (7) in die erste Kammer (11)
stréomt,

- die erste Leitung (5) und die dritte Leitung (6)
in die zweite Kammer (12) strdmen,

- der Auslaufquerschnitt (B), der in der zweiten
Kammer (12) die erste Leitung (5) mit der drit-
ten Leitung (6) verbindet, von der gleichen Gro-
Renordnung ist wie der Auslaufquerschnitt des
Nadelventils und signifikant kleiner ist als der
Auslaufquerschnitt (A), der in der ersten Kam-
mer (11) die zweite oder Austrittsleitung verbin-
det.

Einspritzdiise nach Anspruch 1, dadurch gekenn-
zeichnet, dass:

- in der vollstandig gedtffneten Stellung des St6-
Relkolbens die dritte Leitung (6) in Verbindung
mit der ersten Leitung (5) gebracht wird, wah-
rend die zweite Leitung (7) vollstdndig ge-
schlossen ist;

- in der auRersten entgegengesetzten Stellung
des Sto6Relkolbens die dritte Leitung (6) von der
ersten Leitung (5) getrennt ist und in Verbin-
dung mit der zweiten oder Austrittsleitung (7)
gebracht wird.

Einspritzdise nach Anspruch 2, dadurch gekenn-
zeichnet, dass:

- der Auslaufkanal (5a) der ersten Leitung (5) in
die zweite Kammer (12) hinein im Wesentli-
chen an dem Auslaufkanal (6a) der dritten Lei-
tung angrenzt;
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- der Abschlussquerschnitt des StéRelkolbens
entsprechend dem Auslaufquerschnitt der er-
sten Leitung (5) eine kegelstumpfformige Form
aufweist, um eine Passung mit dem Abschlus-
squerschnitt der zweiten Kammer (12) zu bil-
den und den Auslaufquerschnitt (B) zu schlie-
Ben;

- der Auslaufkanal (5a) der ersten Leitung an ei-
ner Wand des abschlieRenden kegelstumpffor-
migen Abschnittes der zweiten Kammer (12)
angeordnet ist;

- derEinlaufkanal (6a) der dritten Leitungandem
Boden der zweiten Kammer (12) angeordnet
ist.

Einspritzduse nach Anspruch 3, dadurch gekenn-
zeichnet, dass:

- der kleinste Auslaufquerschnitt in dem Einlauf-
kanal (B) und dem Auslaufkanal (A) durch die
Innendruchmesser der jeweiligen Sitze (DO,
D2), den Winkel der jeweiligen Dichtkegel und
den gréRten Hub des Kolbens vorbestimmt ist;

- der AuBendichtungsdurchmesser des Einlauf-
sitzes (D1) gleich dem Innendurchmesser des
Auslaufsitzes (D2) ist;

- der Auflendurchmesser (D3) des StdRelkol-
bens entsprechend dem Auslaufsitz so dimen-
sioniert ist, dass die Oberflache des kreisférmi-
gen Scheitels zwischen dem Innendurchmes-
ser (D2) des Auslaufsitzes und dem Aufen-
durchmesser (D3) des StoRelkolbens gleich
der Oberflache des Kreises des Auflendich-
tungsdurchmessers (D1) des Einlaufsitzes ist.

Einspritzdiise nach Anspruch 4, dadurch gekenn-
zeichnet, dass der StéRelkolben mit wenigstens
einem Innenlangskanal (10) versehen ist und dass
sich eine Offnung des Innenléngskanals vor dem
Einlaufkanal (6a) der dritten Leitung (6) befindet.

Einspritzdiise nach Anspruch 5, dadurch gekenn-
zeichnet, dass der Innenkanal (10) mit seinem
oberen Abschnitt in die erste Kammer (11) ein-
stromt.

Einspritzdise nach Anspruch 6, dadurch gekenn-
zeichnet, dass sich zwischen dem oberen Ab-
schnitt des Innenkanals (10) und der ersten Kam-
mer (11) eine weitere Leitung (31) befindet, die zwei
getrennte Auslaufe in die erste Kammer hat.

Einspritzdise nach Anspruch 7, dadurch gekenn-
zeichnet, dass sich die getrennten Auslaufe einan-
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der gegenlberliegend befinden.

Einspritzdiise nach Anspruch 4, dadurch gekenn-
zeichnet, dass eine Leitung (21 A), die die dritte
Leitung (6) mit der ersten Kammer (11) verbindet,
in dem Ventilkérper (1) angeordnet ist.

Einspritzdise nach Anspruch 4, dadurch gekenn-
zeichnet, dass zwischen dem oberen Abschnitt
des Innenkanals (10) und der ersten Kammer (11)
zwei getrennte Leitungen (10a, 10b) angeordnet
sind.

Einspritzdlise nach einem der vorstehenden An-
spriiche, wobei die erste Kammer (11) in zwei ver-
schiedene aneinandergrenzende und abwechselnd
verbundene Kammern unterteilt ist, von denen eine
Kammer (11A), die auch die Ausgleichskammer ge-
nannt wird, durch den Abschnitt des Gehauses aus-
gebildet wird, der als der separate, hohle Abschnitt
definiert ist, der sténdig in Verbindung mit der Aus-
trittsleitung (7) steht, wenn sich der StoRelkolben in
seiner geschlossenen Stellung befindet, wobei die
tatsachliche erste Kammer (11) in Richtung auf die
Austrittsleitung (7) durch den StoRelkolben be-
grenzt wird, der gegen den entsprechenden Ab-
schnitt des Ventilkdrpers (1) schlielt, dadurch ge-
kennzeichnet, dass:

- die tatsachliche erste Kammer (11) mit einer
Wand versehen ist, die in einen entsprechen-
den Abschnitt des StéRelkolbens eingreift, um
die zweite oder Austrittsleitung (7) zu schlie-
Ren, wobei die Wand eine kegelstumpfférmige
Kontur mit einem vorgegebenen Winkel (X) an
der Basis hat, der den Hub des StoR3elkolbens
begrenzt;

- der entsprechende Abschnitt des StoRelkol-
bens eine kegelstumpfférmige Kontur hat, mit
einem vorgegebenen Winkel (Y) an der ent-
sprechenden Basis, koaxial mit der kegel-
stumpfférmigen Kontur des Abschnittes der er-
sten Kammer (11), wobei der Winkel an der Ba-
sis des Abschnittes der ersten Kammer gré3er
ist als der Winkel an der Basis des kegelstumpf-
férmigen Abschnittes des entsprechenden Ab-
schnittes des StoRelkolbens.

Einspritzdise nach Anspruch 11, dadurch ge-
kennzeichnet, dass:

- in der vollstandig gedffneten Stellung des Sto-
Relkolbens die dritte Leitung (6) in Verbindung
mit der ersten Leitung (5) gebracht wird, wah-
rend die zweite Leitung (7) vollstandig ge-
schlossen ist;
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- die erste Kammer (11) durch die zylindrische
Basis (45, 46) des Abschnittes des an die ke-
gelstumpfférmige Kontur des Abschnittes (20)
der ersten Kammer angrenzenden StéRelkol-
bens in Bezug auf die zweite Leitung (7) ge-
schlossen wird;

- in der entgegengesetzten duRersten Position
des StéRelkolbens die dritte Leitung (6) von der
ersten Leitung (5) getrennt ist und in Verbin-
dung mit der zweiten oder Austrittsleitung (7)
gebracht wird.

Einspritzdise nach Anspruch 11 bzw. 12, dadurch
gekennzeichnet, dass der Stéf3elkolben (4) mit ei-
nem oberen Abschnitt (47) versehen ist, der auf der
der Ausgleichskammer (11A) zugewandten Seite
wenigstens eine VergroRerungsschulter (48) hat,
die so angepasst ist, dass sie den Druck der ersten
Kammer aufnimmt, so dass sich die an dem Stolel-
kolben wirkende Kraft, die Offnen desselben be-
wirkt, vergréRert.

Einspritzduse nach Anspruch 1, dadurch gekenn-
zeichnet, dass:

- der StoRelkolben (4) mit zwei zylindrischen und
koaxialen Korpern (50, 51) versehen ist, wobei
der erste Korper (50) einen zylindrischen Ab-
schnitt und einen kegelstumpfférmigen Ab-
schnitt (21) umfasst, die sich bewegen, um an
die Aulenwand der ersten Kammer (11) anzu-
grenzen;

- derzweite Korper (51) einen Durchmesser hat,
der groRer ist als der Durchmesser des ersten
Korpers (50);

- der zweite Kdrper in dem Geh&use ohne jegli-
chen Spalt oder seitlichen Abstand frei ver-
schiebbar ist;

- der Ubergangsabschnitt zwischen dem ersten
Korper und dem zweiten Korper die Form einer
ringférmigen, stufenartigen Anordnung (60)
aufweist;

- die ringférmige, stufenartige Anordnung eine
Neigung hat, die einen beliebigen Wert zwi-
schen den theoretischen Extremwerten von 0°
bis 180° annehmen kann, vorzugsweise jedoch
eine Neigung von 90° in Bezug auf die Achse
des StoRelkolbens;

- eine Leitung (10) den unteren Endabschnitt des
StoRelkolbens, der in Verbindung mit der drit-
ten Leitung (6) steht, mit dem Inneren der er-
sten Kammer (11), die auf einer Seite durch ei-
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ne ringférmige, stufenartige Anordnung be-
grenzt wird, verbindet.

15. Einspritzdise nach Anspruch 14, dadurch ge-

kennzeichnet, dass die Flache der ringférmigen,
stufenartigen Anordnung (60) in der Ebene, die or-
thogonal zu der Bewegungsrichtung des Stoflelkol-
bens ist, so dimensioniert ist, dass der von dem
Kraftstoff an der ringférmigen, stufenartigen Anord-
nung induzierte Druck in der Lage ist, einen Druck
auf den StéRelkolben auszuliben, so dass, wenn
sich der StéRelkolben in seiner gedffneten Stellung
befindet, eine solche Kraft auf den StéRelkolben
wirkt, dass der StoRelkolben in seine geschlossene
Stellung bewegt wird, indem etwaiger anderer Hy-
draulikdruck des Kraftstoffs Gberwunden wird, der
den Kolben in seiner gedffneten Stellung zu halten
versucht.

Revendications

Injecteur, de préférence du type électromagnéti-
que, adapté pour alimenter du carburant vers un
moteur a combustion interne, en particulier un mo-
teur Diesel, comportant :

- une partie supérieure munie d'un actionneur (2)
adapté pour étre mis sous tension et hors ten-
sion de maniére sélective,

- un corps de soupape (1) muni d'un boitier inté-
rieur,

- un piston (4) actionné par ledit actionneur, et
monté de maniére coulissante dans ledit boitier
dans lequel sont fournies, dans I'espace qui
n'est pas occupé par ledit piston, au moins une
premiere chambre (11) et une seconde cham-
bre (12),

une soupape a pointeau (51) adaptée
pour commander |'écoulement de carburant
sous pression, et capable de se déplacer vers
une position ouverte pour permettre au carbu-
rant sous pression de passer a travers celle-ci
lorsque ledit piston en va-et-vient, actionné par
ledit actionneur, est dans la position définie par
ledit actionneur qui est mis sous tension, et un
position fermée pour interrompre I'écoulement
du carburant sous pression lorsque ledit piston
se déplace dans la position définie par I'action-
neur mis hors tension,

- un premier conduit (5) adapté pour transférer
un écoulement de carburant intermittent a partir
d'une source de carburant haute pression vers
une premiére desdites chambres,

- undeuxieme conduit (7), qui est également dé-
fini comme conduit d'évacuation, adapté pour
transférer un écoulement intermittent de carbu-
rant a partir d'une premiére desdites chambres
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vers des moyens d'évacuation de carburant,

- un troisieme conduit (6) adapté pour transférer
un écoulementintermittent de carburant a partir
d'une premiére desdites chambres vers ladite
soupape a pointeau, méme par des conduits
appropriés (61) agencés entre ladite premiére
chambre et ladite vanne a aiguille,

- lesdits premier, deuxiéme et troisieme conduits
(5,7, 6) étant capables d'étre connectés de ma-
niére sélective et de maniére alternée et/ou fer-
més selon la position prise par ledit piston (4),
qui est adapté pour étre actionné en prenant de
maniére sélective une premiére position cor-
respondant a l'actionneur en rapport mis hors
tension, de sorte que ledit premier conduit (5)
et fermé, et une seconde position correspon-
dant a l'actionneur en rapport mis sous tension,
de sorte que ledit deuxiéme conduit (7) est fer-
mé,

caractérisé en ce que

- les parois extérieures dudit piston (4) sont en-
tierement en adhérence, bien que de maniere
coulissante, contre une partie des parois inté-
rieures dudit boitier, de maniere a empécher du
carburant quelconque de s'infiltrer ou de
s'écouler entre lesdites deux chambres (11, 12)
a travers des passages ou espaces agencés
entre ledit piston et les parois intérieures dudit
boitier,

- ledit conduit d'évacuation (7) s'écoule dans la-
dite premiére chambre (11),

- ledit premier conduit (5) et ledit troisieme con-
duit (6) s'écoulent dans ladite seconde cham-
bre (12),

- le trongon d'écoulement de sortie (B) qui con-
necte, a l'intérieur de ladite seconde chambre
(12), ledit premier conduit (5) audit troisieme
conduit (6) est du méme ordre d'amplitude que
le trongon d'écoulement de sortie de ladite sou-
pape a pointeau, et significativement plus petit
que le trongon d'écoulement de sortie (A) qui
connecte, a l'intérieur de ladite premiére cham-
bre (11), audit deuxiéme conduit ou conduit
d'évacuation (7).

Injecteur selon la revendication 1, caractérisé en
ce que

- dans la position entiérement ouverte dudit pis-
ton, ledit troisieme conduit (6) est établi en re-
lation avec ledit premier conduit (5), tandis que
ledit deuxiéme conduit (7) est entiéerement fer-
me,

- dans la position extréme opposée dudit piston,
ledit troisiéme conduit (6) est séparé dudit pre-
mier conduit (5), et est établi en relation avec

10

15

20

25

30

35

40

45

50

55

14

ledit deuxieéme conduit ou conduit d'évacuation

(7).

Injecteur selon la revendication 2, caractérisé en
ce que

- l'orifice d'écoulement de sortie (5a) dudit pre-
mier conduit (5) dans ladite seconde chambre
(12) est sensiblement adjacent a [I'orifice
d'écoulement de sortie (6a) dudit troisieme
conduit,

- la partie finale de ladite seconde chambre (12)
a la forme d'un tronc de cbne, et la partie finale
correspondante dudit piston a, en correspon-
dance du trongon d'écoulement de sortie dudit
premier conduit (5), une forme tronconique
adaptée pour étre reliée de maniere convena-
ble a ladite partie finale de ladite seconde
chambre (12), et pour fermer ledit trongon
d'écoulement de sortie (B),

- l'orifice d'écoulement de sortie (5a) dudit pre-
mier conduit est agencé sur une paroi de la par-
tie tronconique finale de ladite seconde cham-
bre (12),

- l'orifice d'entrée (6a) dudit troisieme conduit est
agencé sur le fond de ladite seconde chambre.

Injecteur selon la revendication 3, caractérisé en
ce que

- les sections d'écoulement de sortie minimum
dans ledit passage d'entrée (B) et ledit passage
d'évacuation (A) sont déterminées par les dia-
metres intérieurs des siéges respectifs (DO,
D2), I'angle des cones d'étanchéité respectifs
et la levée maximum du piston,

- le diamétre d'étanchéité extérieur du siége in-
térieur (D1) est rendu égal au diamétre intérieur
du siége d'évacuation (D2),

- le diamétre extérieur (D3) du piston en corres-
pondance du siége d'évacuation est dimen-
sionné de sorte que la surface de la couronne
circulaire comprise entre ledit diametre inté-
rieur (D2) du siége d'évacuation et ledit diamé-
tre extérieur (D3) du piston est égale a la sur-
face du cercle dudit diamétre d'étanchéité ex-
térieur (D1) du siége d'entrée.

Injecteur selon la revendication 4, caractérisé en
ce que ledit piston est muni d'au moins un canal
intérieur longitudinal (10), et en ce qu'une ouvertu-
re (10c) dudit canal longitudinal est située en avant
dudit orifice d'entrée (6a) dudit troisieme conduit

(6).

Injecteur selon la revendication 5, caractérisé en
ce que ledit canal intérieur (10) s'écoule, avec son
trongon supérieur, jusque dans ladite premiére
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chambre (11).

Injecteur selon la revendication 6, caractérisé en
ce qu'entre la partie supérieure dudit canal intérieur
(10) et ladite premiére chambre (11) est agencé un
conduit supplémentaire (31) qui a deux sorties dis-
tinctes dans ladite premiére chambre.

Injecteur selon la revendication 7, caractérisé en
ce que lesdites sorties distinctes sont opposées
I'une par rapport a l'autre.

Injecteur selon la revendication 4, caractérisé en
ce qu'un conduit (21A) connectant ledit troisieme
conduit (6) a ladite premiére chambre (11) est agen-
cé dans ledit corps de soupape (1).

Injecteur selon la revendication 4, caractérisé en
ce qu'entre la partie supérieure dudit canal intérieur
(10) et ladite premiére chambre (11) sont agencés
deux conduits distincts (10a, 10b).

Injecteur selon I'une quelconque des revendica-
tions précédentes, dans lequel ladite premiére
chambre (11) est subdivisée en deux chambres
contigués différentes et connectées de maniere al-
ternée, dont une chambre (11A), qui est également
appelée la chambre de compensation, est formée
par la partie dudit boitier qui est définie comme la
partie creuse séparée communiquant en perma-
nence avec le conduit d'évacuation (7) lorsque ledit
piston est dans sa position de fermeture, la premiée-
re chambre réelle (11) étant délimitée, vers ledit
conduit d'évacuation (7), par ledit piston se fermant
contre la partie correspondante dudit corps de sou-
pape (1), caractérisé en ce que

- ladite premiére chambre réelle (11) est munie
d'une paroi adaptée pour venir en contact avec
une partie correspondante dudit piston afin de
fermer ledit deuxiéme conduit ou conduit d'éva-
cuation (7), ladite paroi ayant un contour tron-
conique avec un angle spécifique (X) a la base
qui délimite la course dudit piston,

- ladite partie correspondante dudit piston a un
contour tronconique, avec un angle spécifique
(Y) ala base respective, coaxialement par rap-
port audit contour tronconique de ladite partie
de ladite premiére chambre (11), ou ledit angle
a la base de ladite premiére chambre est supé-
rieur a I'angle a la base de ladite partie tronco-
nique de ladite partie correspondante dudit pis-
ton.

Injecteur selon la revendication 11, caractérisé en
ce que

- dans la position entiérement ouverte dudit pis-
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ton, ledit troisi€me conduit (6) est établi en re-
lation avec ledit premier conduit (5) tandis que
ledit deuxiéme conduit (7) est entiérement fer-
mé,

- ladite premiére chambre est fermée par rapport
audit deuxiéme conduit (7) par la base cylindri-
que (45, 46) de ladite partie dudit piston venant
en butée contre ledit contour tronconique de la-
dite partie (20) de ladite premiere chambre,

- dans la position extréme opposée dudit piston,
ledit troisieme conduit (6) est séparé dudit pre-
mier conduit (5), et est établi en relation avec
ledit deuxiéme conduit ou conduit d'évacuation

(7).

Injecteur selon la revendication 11 ou 12, caracté-
risé en ce que ledit piston (4) est muni d'une partie
supérieure (47) qui, sur son c6té en vis-a-vis de la-
dite chambre de compensation (11A), a au moins
un épaulement d'agrandissement (48) adapté pour
intercepter la pression de ladite premiére chambre
de maniére a exercer une force sur ledit piston qui
agit dans sa direction d'ouverture.

Injecteur selon la revendication 1, caractérisé en
ce que

- ledit piston (4) est muni de deux corps cylindri-
ques et coaxiaux (50, 51), dont le premier corps
(50) comporte une partie cylindrique et une par-
tie tronconique (21) adaptée pour se déplacer
en butée contre une paroi extérieure de ladite
premiére chambre (11),

- lesecond corps (51) a un diameétre qui est plus
grand que le diamétre dudit premier corps (50),

- ledit second corps peut coulisser librement
dans ledit boitier, sans un espace ou jeu latéral
quelconque,

- la partie de transition entre ledit premier corps
et ledit second corps a la forme d'une configu-
ration analogue a une marche annulaire (60),

- ladite configuration analogue a une marche an-
nulaire a une inclinaison qui peut étre située
n'importe ou entre les valeurs extrémes théori-
ques allant de 0° a 180°, mais de préférence
une inclinaison de 90°, par rapport a I'axe du
piston,

- un conduit (10) connecte la partie d'extrémité
inférieure dudit piston, qui communique avec
ledit troisieme conduit (6), avec l'intérieur de la-
dite premiére chambre (11), qui est délimitée
sur un c6té par ladite configuration analogue a
une marche annulaire.

Injecteur selon la revendication 14, caractérisé en
ce que la surface de ladite configuration analogue
a une marche annulaire (60), sur le plan qui est or-
thogonal a la direction de déplacement du piston,
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est dimensionnée de sorte que la pression induite
par le carburant sur ladite configuration analogue a
une marche annulaire est capable d'exercer une
pression sur ledit piston qui, lorsque ce dernier est
dans sa position ouverte, est telle qu'elle imprime
au méme piston une force qui a tendance a le dé-
placer dans sa position de fermeture en surmontant
une autre pression hydraulique quelconque du car-
burant qui a tendance a le maintenir dans sa posi-
tion ouverte.
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