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(54)  Fuel injector

(57) A fuel injector (1) comprising a main tubular
body (2) provided with at least one through duct (3) that
terminates in a spray nozzle (3a) adapted to atomise
the fuel contained in the through duct (3), a shutter
member (4) moving axially in this through duct (3) from
and to a closed position in which the shutter member (4)
is disposed in abutment on the spray nozzle (3a) closing
it off in such a way as to prevent any discharge of fuel,
and lastly a hydraulic damper (8) adapted to brake the
shutter member (4) during its return to the above-men-
tioned closed position.
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Description

[0001] The present invention relates to a fuel injec-
tor.

[0002] The present invention relates in particular to

a fuel injector for direct injection engines, to which the
following description will relate without entering into
general details.

[0003] As is known, the fuel injectors for direct injec-
tion engines that are commercially available at present
comprise a main tubular body provided with a central
through duct which terminates at one axial end of the
tubular body in a spray nozzle adapted to atomise, in
the combustion chamber, the high pressure fuel sup-
plied within the duct, a shutter member mounted to
move axially in the central duct to and from a closed
position in which it obstructs the spray nozzle so as to
prevent any discharge of fuel and a recall spring
adapted to maintain this shutter member in the above-
mentioned closed position.

[0004] Outside the main tubular body, the above-
mentioned injectors further comprise a coil of electri-
cally conducting material adapted to generate, when
electric current passes through it, a magnetic field able
to overcome the resilient force of the spring so that the
shutter member can be temporarily moved from the
closed position in order to enable fuel to be discharged.
The shutter member is obviously made at least partially
from ferromagnetic material.

[0005] As is known, fuel injectors for direct injection
engines raise the problem of preventing the shutter
member, in the closed state, after having violently struck
the spray nozzle under the thrust of the spring, from
rebounding repeatedly before settling permanently in
the closed position. These rebounds have a major
impact on the average life of the component and are the
cause of undesired discharges of fuel following the the-
oretical moment of closure of the injector.

[0006] In order to remedy this problem, the shutter
member at present comprises a bushing of ferromag-
netic material mounted to move axially within the central
duct, a closure pin mounted to move axially on the bush-
ing with its point facing the calibrated hole that defines
the spray nozzle and a resilient member interposed
between the bushing and the pin so as to absorb the
axial mechanical stresses to which the pin is subject
when the point of the pin violently strikes the nozzle.
[0007] Unfortunately, the fuel injectors for direct
injection engines described above have the major draw-
back that they are structurally complicated and there-
fore intrinsically not very reliable. Moreover, the injector
assembly procedure is particularly time-consuming as a
result of which the production costs of fuel injectors for
direct injection engines are much greater than the pro-
duction costs of conventional fuel injectors.

[0008] The object of the present invention is to pro-
vide a fuel injector for direct injection engines that is
able to remedy the above-mentioned drawbacks.
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[0009] The present invention therefore relates to a
fuel injector comprising a main tubular body provided
with at least one through duct that terminates in a spray
nozzle adapted to atomise the fuel contained in the
through duct, and a shutter member moving in the
through duct from and to a closed position in which this
shutter member is disposed in abutment against the
spray nozzle, closing it in such a way as to prevent any
fuel discharge, the fuel injector being characterised in
that it comprises damper means of fluid-dynamic type
adapted to brake the shutter member during its return to
the closed position.

[0010] The present invention will now be described
with reference to the accompanying drawings, which
show a non-limiting example thereof, and in which:

Fig. 1 is a sectional view through a fuel injector of
the present invention;

Fig. 2 shows a detail of Fig. 1 on an enlarged scale;
Figs. 3 and 4 show, in cross-section, a component
of the fuel injector shown in Fig. 1, in two different
operating configurations.

[0011] In Fig. 1, a fuel injector particularly adapted
to be mounted on direct injection engines of known type
is shown overall by 1.

[0012] The injector 1 comprises a main tubular
body 2 which is provided with a through duct 3 of varia-
ble diameter which extends coaxially to the longitudinal
axis A of the tubular body 2 and terminates at one axial
end 2a of the tubular body 2 in a spray nozzle 3a
adapted to atomise, in the engine combustion chamber
(not shown), the high pressure fuel flowing within this
duct 3.

[0013] The injector 1 further comprises a shutter
member 4 mounted to move axially within an end por-
tion of the duct 3 to and from a closed position, in which
this shutter member 4 closes off the spray nozzle 3a in
such a way as to prevent any discharge of fuel and a
recall spring 5 adapted to maintain the shutter member
4 in the above-mentioned closed position.

[0014] In the embodiment illustrated, the tubular
body 2 is in particular formed by two tubular bodies cou-
pled together mechanically, and the shutter member 4 is
formed by a bushing 6 of ferromagnetic material
mounted to move axially within the larger diameter sec-
tion of the duct 3 and by a closure pin extending in a pro-
jecting manner from the bushing 6 towards the spray
nozzle 3a coaxially with respect to the axis A. When the
shutter member 4 is in the closed position, the point of
the closure pin 7 is disposed in abutment against the
calibrated hole that defines the spray nozzle 3a so as to
close it off and prevent any discharge of fuel.

[0015] With reference to Figs. 1 and 2, the injector 1
further comprises a hydraulic damper 8 adapted to
brake the shutter member 4 while it is closing in order to
reduce the speed of impact of the point of the closure
pin 7 on the spray nozzle 3a and thereby to eliminate
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any rebounds of the shutter member 4 on the spray noz-
Zle 3a.

[0016] In the embodiment illustrated, the hydraulic
damper 8 comprises the two variable volume chambers
into which the shutter member 4 divides the duct 3 and
a one-way valve 10 adapted to allow fuel to pass from
one chamber to the other but not vice versa.

[0017] The bushing 6 divides the duct 3 into two
complementary variable volume chambers, the first of
which, shown by 9a, is formed by the section of duct
between the bushing 6 and the spray nozzle 3a and the
second of which, shown by 9b, is formed by the section
of duct between the bushing 6 and the other axial end of
the duct 3 in which a fuel filter 11 of known type is nor-
mally disposed. The one-way valve 10 allows the fuel to
pass from the chamber 9b to the chamber 9a but not
vice versa.

[0018] In the embodiment illustrated, the one-way
valve 10 is provided directly on the bushing 6 and com-
prises a duct 12 for the passage of the fuel, extending
through the body of the bushing 6 parallel to the axis A,
and a flexible plate 13 secured to the bushing 6 within
the chamber 9a so as to close off the inlet of the duct 12
in the rest position. The flexible plate 13 is preferably,
but not necessarily, made from metal, while the one-way
valve 10 may also be provided with an abutment mem-
ber 14 secured to the bushing 6 above the flexible plate
13 so as to limit the deformation of this flexible plate 13.
[0019] The flow of fuel from the chamber 9a to the
chamber 9b takes place via the assembly clearances
that naturally exist between the bushing 6 and the inner
surface of the duct 3 or, in addition, through one or more
discharge ducts 15 having a flow cross-section cali-
brated in such a way as to slow down the flow of fuel.
[0020] With reference to Figs. 1 and 2, in the
embodiment illustrated, the discharge ducts 15 of the
hydraulic damper 8 are obtained in the body of the
bushing 6 parallel to the fuel flow duct 12.

[0021] It will be appreciated that the one-way valve
10 may also comprise a plurality of fuel flow ducts 12
distributed angularly about the axis A; in this case, the
flexible plate 13 may be formed by an annular metal
plate of "daisy" shape.

[0022] Preferably, but not necessarily, the shutter
member 4 lastly comprises a centring nut 18 fitted in a
sliding manner on the stem of the closure pin 7 in order
to maintain the point of the closure pin 7 aligned with the
spray nozzle 3a.

[0023] The recall spring 5 is disposed in the duct 3
coaxially to the axis A with a first end abutting on the
bushing 6 and a second end abutting on a shoulder
obtained within the duct 3. In the embodiment illus-
trated, this shoulder is formed by the axial end of a
spring-thrusting member 19 inserted within the duct 3
on the opposite side of the closure pin 7 with respect to
the bushing 6. This spring-thrusting body 19 forms an
integral part of the tubular body 2, has a cylindrical tubu-
lar shape, and is preferably, but not necessarily, of ferro-
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magnetic material. The position of the spring-thrusting
body 19 within the duct 3 can be adjusted during the
assembly of the injector 1 in order to adjust the com-
pression of the recall spring 3.

[0024] The injector 1 lastly comprises a coil 20 of
electrically conducting material fitted on the tubular
body 2 with an axial end abutting on an outer annular
shoulder 21 provided on the tubular body 2, and an
outer protective casing 22 in turn fitted on the coil 20
and on the annular shoulder 21 so as to close the coil 20
on the tubular body 2. When electric current passes
through it, the coil 20 is adapted to generate a magnetic
field able to overcome the elastic force of the recall
spring 19 and axially to move the shutter member 4 in
order to displace it from the closed position.

[0025] In the embodiment illustrated, an electrical
connector 23, through which is possible to supply the
electric current to the coil 20, is provided on the outer
casing 22.

[0026] The operation of the fuel injector 1 will be
described with reference to Figs. 3 and 4, assuming that
the shutter member 4 is initially in the closed position,
with the fuel filling the chambers 9a and 9b at rest and
at the same pressure in both chambers.

[0027] During the opening of the injector 1, the axial
displacement of the shutter member 4 causes a pres-
sure difference between the chamber 9a and the cham-
ber 9b as a result of which the flexible plate 13 is
deformed and exposes the inlet of the duct 12 (Fig. 3).
The opening of the inlet of the duct 12 allows the fuel to
flow from the chamber 9b to the chamber 9a with a
small loss of load.

[0028] As the injector 1 gradually opens, the rate of
flow of the fuel through the valve 10 gradually increases;
this flow maintains the flexible plate 13 in the open posi-
tion even when the shutter member completes its axial
stroke, stopping when the injector is in the completely
open position.

[0029] During the closure of the injector, from the
completely open position, the shutter member 4, under
the thrust of the spring 5, gradually acquires speed in
order to move into the closed position. The return of the
shutter member 4 to the closed position entails a reduc-
tion of the volume of the chamber 9a, but the flow of fuel
able to pass through the spray nozzle 3a decreases rap-
idly as a result of the reduction of the flow cross-section
of this spray nozzle 3a. The calibrated hole that forms
the spray nozzle 3a is gradually engaged by the point of
the closure pin 7.

[0030] As there are no other outlets, the fuel con-
tained in the chamber 9a thus tends to pass via the one-
way valve 10 as a result of which the flow of fuel through
the duct 12 is gradually reduced until it is reversed. At
this point, the flexible plate 13 returns to the rest posi-
tion, closing the inlet of the duct 12, as a result of which
the fuel, as it can find no other escape outlet, flows from
the chamber 9a to the chamber 9b via the assembly
clearances and/or discharge ducts 15 (Fig. 4).
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[0031] Given the reduced cross-section of the
assembly clearances and/or discharge ducts 15, there
is a rapid increase in the pressure of the fuel in the
chamber 9a, which, countering the action of the spring
5, gradually slows downs the speed of the shutter mem-
ber 4. The braking action of the shutter member 4
becomes more substantial as the point of the closure
pin 7 moves towards the spray nozzle 3a so as substan-
tially to slow down the shutter member 4 only in the final
section of the stroke of this shutter member 4.

[0032] In this way, the point of the closure pin 7
strikes the spray nozzle 3a at a reduced speed thereby
preventing any rebounds.

[0033] As well as completely eliminating any
rebounds of the shutter member 4, the injector 1 sub-
stantially reduces the speed of impact of the point of the
closure pin 7 on the spray nozzle 3a, thereby helping to
make the device less noisy. The reduction of the
mechanical stresses also increases the average life of
the component.

[0034] It is be evident that modifications and varia-
tions may be made to the injector 1 as described and
illustrated without thereby departing from the scope of
the present invention.

Claims

1. A fuel injector (1) comprising a main tubular body
(2) provided with at least one through duct (3) which
terminates in a spray nozzle (3a) adapted to atom-
ise the fuel contained in the through duct (3), and a
shutter member (4) moving in the through duct (3)
from and to a closed position, in which this shutter
member (4) is disposed in abutment with respect to
the spray nozzle (3a), closing it off in such a way as
to prevent any fuel discharge, the fuel injector (1)
being characterised in that it comprises damper
means (8) of fluid-dynamic type adapted to brake
the shutter member (4) during its return to the
closed position.

2. A fuel injector as claimed in claim 1, characterised
in that the shutter member comprises a bushing (6)
mounted to move axially within the through duct (3),
and a closure pin (7) extending from the bushing (6)
towards the spray nozzle (3a), the closure pin (7)
being rigidly connected to the bushing (6), the point
of the closure pin (7) being adapted to be disposed
in abutment against the spray nozzle (3a) when the
shutter member (4) is in the closed position so as to
prevent any discharge of fuel.

3. A fuel injector as claimed in claim 2, characterised
in that the bushing (6) defines, within the through
duct (3), first (9b) and second (9a) variable volume
chambers that are complementary, this second var-
iable volume chamber (9a) communicating exter-
nally via the spray nozzle (3a), the damper means
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(8) of fluid-dynamic type comprising a one-way
valve (10) adapted to enable the fluid to flow solely
from the first (9b) to the second (9a) variable vol-
ume chamber.

A fuel injector as claimed in claim 3, characterised
in that the one-way valve (10) is provided in the
body of the bushing (6).

A fuel injector as claimed in claim 4, characterised
in that the one-way valve (10) comprises a fuel flow
duct (12) extending through the body of the bushing
(6) parallel to the axis (A), and a flexible plate (13)
secured to the bushing (6) within the second cham-
ber (9a) so as to close off, in the rest position, the
inlet of the fuel flow duct (12).

A fuel injector as claimed in claim 5, characterised
in that the flexible plate (13) is made from metal.

A fuel injector as claimed in claim 5 or 6, character-
ised in that the one-way valve (10) comprises an
abutment member (14) secured on the bushing (6)
above the flexible plate (13) in order to limit the
deformation of this flexible plate (13).

A fuel injector as claimed in any one of claims 3 to
7, characterised in that the damper means (8) of
fluid-dynamic type comprise at least one discharge
duct (15) connecting the first (9b) and the second
(9a) variable volume chambers together, the dis-
charge duct (15) having a cross-section calibrated
so as to slow down the flow of fuel.
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