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Description

TECHNICAL FIELD

[0001] The present invention relates to high pressure
fuel injection equipment for internal combustion engine.

BACKGROUND OF THE INVENTION

[0002] In a fuel injection equipment (FIE), also known
as a common rail system, after the occurrence of an in-
jection event the fuel sprayed in the combustion chamber
of an internal combustion engine is replaced by high pres-
sure fuel contained in the FIE, per se, in the common rail,
in the pipes connecting the common rail to each injector
and in the injector itself.
[0003] Each injection event generates hydraulic waves
that propagate inside the high pressure fuel contained in
the FIE. It may happen that engines having closely
spaced injection events, such as engines having multiple
injection within each cycle, that the fuel injected during
an event is not entirely replaced inside the injector when
occurs the subsequent event. The fuel, even at high pres-
sure does not have the time to flow to the tip of the nozzle.
To overcome this issue, the Applicant has disclosed, in
todays filed application GB1317441.2, fuel injectors hav-
ing a largely increased internal volume occupied by the
high pressure fuel. Furthermore said volume is concen-
trated in the vicinity of the spray holes so, after an injection
event, the fuel sprayed is immediately replaced.
[0004] A further question relates to the FIE as a all.
The current developments, As operating pressures in-
crease, as the available space in the engine compart-
ment decreases and as engine cold start needs to be
immediate, recent FIE development attempt to minimize
the quantity and volume of high pressure fuel contained
within the FIE. When increasing the injectors internal vol-
ume to optimize the injection events, new FIE architec-
ture are now required.

SUMMARY OF THE INVENTION

[0005] Accordingly, it is an object of the present inven-
tion to provide fuel injector equipment (FIE) wherein at
least 35%, and preferably 45%, of the high pressure fuel
is contained inside the injectors, the FIE comprising a
high pressure fuel pump, a plurality of interconnecting
pipes, a plurality of injectors and a pressure sensor; all
being in fluid connection in series so that they form an
open chain.
[0006] In a first embodiment of the FIE, all the injectors
are fluidly connected in series, a high pressure pump
delivering fuel to the first injector of the series and a high
pressure sensor monitoring the fuel pressure in the vi-
cinity of the last injector of the series.
[0007] In a second embodiment of the FIE, all the in-
jectors are fluidly connected in parallel to a high pressure
fuel distributor receiving fuel from a high pressure pump.

[0008] The FIE can further comprise a pressure sensor
monitoring the pressure inside the distributor and, even-
tually a valve controlling the pressure in the distributor.
The valve enables some fuel to exit the distributor when
the pressure exceeds a threshold.
[0009] In a third embodiment, the FIE comprises at
least another distributor each injector being directly con-
nected to one of the distributors.
[0010] The high pressure pump of the FIE delivers fuel
to a first distributor, said another distributor being fluidly
connected to the first distributor. Therefore, the pump
and the distributors are arranged in series on an inlet
line. The FIE further comprises a pressure sensor mon-
itoring the pressure inside said another distributor, so the
pressure sensor is arrange by the end of the inlet line.
[0011] Furthermore, the FIE may comprise a damping
mean for damping hydraulic waves propagating in the
high pressure fuel.
[0012] In the first embodiment of the FIE the damping
mean is arranged in preferably the vicinity of the injector.
Should the FIE comprises a plurality of injectors a damp-
ing mean is being arranged in the vicinity of each injector.
[0013] In the second or third embodiments, the damp-
ing mean is arranged upstream the injector, preferably
in the vicinity of the distributor. Should the FIE comprises
a plurality of injectors a damping mean is being arranged
upstream each injector, preferably in the vicinity of the
distributor.
[0014] The damping mean is arranged in the vicinity
of an injector or of a distributor, for instance on the con-
necting pipes upstream the injector.
[0015] For instance, the damping mean can be a re-
striction.

BRIEF DESCRIPTION OF THE DRAWING

[0016] The present invention is now described by way
of example with reference to the accompanying figures
wherein:

Figure 1 is a sketch of a first architecture of fuel in-
jection equipment as per the invention.
Figure 2 is a sketch of a second architecture of fuel
injection equipment as per the invention.
Figure 3 is a sketch of a third architecture of fuel
injection equipment as per the invention, this archi-
tecture being an alternative to the second architec-
ture.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0017] In all embodiments described the FIE has four
injectors 12 even though the teachings of the invention
are directly applicable to any FIE having another number
of injectors 12.
[0018] Figure 1 represents a first embodiment the FIE
10 which constituents are in fluid connection in series
forming an open chain comprising a high pressure fuel
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pump 14 supplying fuel via interconnecting pipes 16 to
the first injector, then from said first to the second injector,
then from the second to the third injector, then from the
third to the fourth injector. A pressure sensor 26 is ar-
ranged at the end of the chain.
[0019] The high pressure fuel contained in the injectors
12 is at least 35%, and preferably over 45% of the total
quantity of high pressure fuel contained in the FIE 10. To
achieve such ratio the injectors are of the type having an
internal buffer volume holding high pressure fuel.
[0020] In operation, when an injector 12 proceeds to
an injection and sprays fuel in a combustion chamber,
said injector 12 fills up again by receiving fuel contained
in the pipes to which it is connected. The sensor 26 then
observes a pressure decrease that is compensated by
new fuel pressurized by the pump 14.
[0021] Also, in alternative embodiments, as hydraulic
waves generated by the high pressure pump 14 or by an
injection event propagate within the high pressure fuel in
both directions, the FIE 10 is provided with restrictions
20 that act as fluid dampers. In a preferred FIE as shown
on figure 1 the restrictions 20 are arranged just upstream
each injector 12.
[0022] In a non-represented structure, the pump flows
the fuel in a continuous line wherein are arranged T-type
connections, each T connecting to an injector. In such
structure the preferred location for the damper 20 is be-
tween the injector and the T.
[0023] The restriction can also be arranged inside the
injector as this is detailed in the application
GB1317441.2.
[0024] Figure 2 represents a second embodiment of
the FIE 10 which further comprises a high pressure fuel
distributor 28 that is directly connected, on one side,
downstream the high pressure pump 14 for receiving the
fuel and, on the other side, upstream the injectors 12, for
distributing said fuel in parallel. The pressure inside the
distributor 28 is monitored by the pressure sensor 26
and, a pressure relief valve 18 is arranged so to enable
fuel to exit the FIE 10 in case of a fuel pressure rising
over a predetermined threshold.
[0025] The ratio here above presented (35% preferred
to 45%) also applies to the second embodiment.
[0026] In a FIE as shown on figure 2, restrictions 20
can be arranged between the restrictions 20 ant the in-
jectors. In a preferred arrangement, the restrictions 20
are arranged in the vicinity of the distributor 28. Further-
more, another restriction, not represented can be added
on the line from the pump to the distributor.
[0027] The operation of the FIE of the second embod-
iment is now described. The pump 14 flows high pressure
fuel to the distributor 28. When an injector 12 proceeds
to an injection and sprays fuel in a combustion chamber,
said injector 12 fills up again by receiving fuel flowing
from the distributor 28. The sensor 26 then observes a
pressure decrease in the distributor 28 that is compen-
sated by new fuel pressurized by the pump 14.
[0028] Figure 3 is a third embodiment which indeed is

an alternative to the second embodiment. As an illustra-
tive example, while the second FIE fits an engine having
in-line cylinders, the third FIE would fit a V-type engine.
[0029] The third FIE comprises an inlet line 30 fluidly
connecting in series the pump 14 and two distributors
28, 32, arranged one downstream the other on the inlet
line 30. The injectors 12 are divided in two groups, the
injectors 12 of one group being all directly connected to
one distributor 28, 32. The pressure sensor 26 is ar-
ranged at the end of the inlet line that is distant from the
pump 14.
[0030] In a FIE as shown on figure 3, restrictions 20
can also be arranged between the restrictions 20 ant the
injectors. In a preferred arrangement and similarly to the
second embodiment, the restrictions 20 are arranged in
the vicinity of the distributor 28. Another restriction can
be added on the line from the pump to the first distributor
28.
[0031] The operation of the third FIE is similar to the
operation of the second FIE, the fuel injecting during an
injection event and missing in an injector 12 being re-
placed by fuel contained in the distributor to which said
injector is connected.
[0032] Further alternative FIE architecture, not repre-
sented, can easily be organized. For instance the pump
14 can deliver fuel to two distributors connected in par-
allel, rather than in series as in the third FIE.
[0033] As previously mentioned the number of injector
is not limited to four as well as the number of distributor
is not limited to two. Alternatives with more than two dis-
tributors can be arranged in following the teachings, for
instance, of the third embodiment.
[0034] In all embodiments, the ratio previously pre-
sented (35% preferred to 45%) is respected with injectors
each holding from 1 cm3 to 2 cm3 consequently, the vol-
ume contained by the single or two distributors is reduced
relative to a well-known common rail.

Claims

1. Fuel injector equipment (FIE) (10) wherein at least
35% of the high pressure fuel is contained inside the
injectors (12), the FIE comprising a high pressure
fuel pump (14), a plurality of interconnecting pipes
(16), a plurality of injectors (12) and a pressure sen-
sor (26); all being in fluid connection in series so that
they form an open chain.

2. FIE (10) as set in the preceding claim comprising at
least 45% of the high pressure fuel inside the injec-
tors (12).

3. FIE (10) as set in any of the preceding claim wherein
all the injectors (12) are fluidly connected in series,
a high pressure pump (14) delivering fuel to the first
injector (12) of the series and a high pressure sensor
(26) monitoring the fuel pressure in the vicinity of the
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last injector (12) of the series.

4. FIE (10) as set in any of the claims 1 or 2 wherein
all the injectors (12) are fluidly connected in parallel
to a high pressure fuel distributor (28) receiving fuel
from a high pressure pump (14).

5. FIE (10) as set in claim 4 further comprising a pres-
sure sensor (26) monitoring the pressure inside the
distributor (28).

6. FIE (10) as set in any of the claim 4 or 5 further
comprising a valve (18) controlling the pressure in
the distributor (28), the valve (18) enabling some fuel
to exit the distributor (28) when the pressure exceeds
a threshold.

7. FIE (10) as set in any of the claims 4 to 6 further
comprising at least another distributor (32) each in-
jector (12) being directly connected to one of the dis-
tributors (28, 32).

8. FIE (10) as set in claim 7 wherein the high pressure
pump (14) delivers fuel to a first distributor (28), said
another distributor (32) being fluidly connected to the
first distributor (28), the FIE (10) further comprising
a pressure sensor (26) monitoring the pressure in-
side said another distributor (32).

9. FIE (10) as set in any of the preceding claims com-
prising a damping mean (20) for damping hydraulic
waves propagating in the high pressure fuel.

10. FIE (10) as set in claim 3 taken in combination with
claim 9 wherein the damping mean (20) is arranged
in the vicinity of the injector (12).

11. FIE (10) as set in claim 10 comprising a plurality of
injectors (12) and damping means (20), each damp-
ing mean (20) being arranged in the vicinity of an
injector (12).

12. FIE (10) as set in any of the claims 4 or 7 taken in
combination with claim 9 wherein the damping mean
(20) is arranged in the vicinity of the distributor (28).

13. FIE (10) as set in claim 12 comprising a plurality of
injectors (12) and damping means (20), each damp-
ing mean (20) being arranged between a distributor
and an injector in the vicinity of the distributor (28).

14. FIE (10) as set in any of the claims 9 to 13 wherein
the damping mean (20) is a restriction (20).
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