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(54) Fuel injector

(57) Fuel injector (1) comprising a tubular body (2),
provided with a through pipe (3) which ends in a spray
nozzle (4) which can spray the fuel present inside the
through pipe (3), a shutter unit (5), which is mobile axi-
ally inside the through pipe (3), from and towards a posi-
tion of closure, wherein the shutter unit (5) itself abuts
the spray nozzle (4), and seals it in a fluid-tight manner,
and a coil of electrically conductive material fitted onto
the tubular body (2), in order to generate by command a
magnetic field which can displace the said shutter unit
(5); a central portion (9) of the tubular body (2) and the
shutter unit (5) in fact being made of ferro-magnetic
material, such as to define the fixed part and the mobile
part of a magnetic core (5, 9), onto which the said coil
(7) is fitted; a layer of highly resistant material being
present on the outer surface of the shutter unit (5), i.e.
the mobile part of the magnetic core (5, 9), but not on
the central portion (9) of the tubular body (2), i.e. the
fixed part of the magnetic core (5, 9) itself.
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Description

[0001] The present invention relates to a fuel injec-
tor.
[0002] In particular, the present invention relates to
a fuel injector for internal-combustion engines, to which
the following description specifically refers, without
detracting from generality.
[0003] As is known, the fuel injectors for internal-
combustion engines which are commercially available
at present comprise: a main tubular body, which is pro-
vided with a central through pipe, which ends at an axial
end of the tubular body, in a spray nozzle, which can
project outside the injector a jet of finely sprayed fuel; a
shutter unit, which is fitted such as to be axially mobile
inside the central pipe, from and towards the position of
closure, in which it closes the spray nozzle, such as to
prevent discharge of the fuel; and a contrast spring
which can maintain the shutter unit in the said position
of closure.
[0004] Outside the main tubular body, the fuel injec-
tors additionally comprise a coil made of electrically
conductive material, which, when electric current is
passed through it, can generate a magnetic field which
can overcome the resilient force of the spring, such as
to move the shutter unit away temporarily from the posi-
tion of closure, so as to permit controlled discharge of
the fuel.
[0005] In fact, the central portion of the main tubular
body and the shutter unit are made from ferro-magnetic
material, and are disposed aligned one in front of the
other, such that the magnetic field produced by the coil
of electrically conductive material tends to bring the
shutter unit into contact with the central portion of the
main tubular body, thus overcoming the resilient force of
the spring.
[0006] Substantially therefore, the central portion of
the main tubular body and the shutter unit define the
fixed part and the mobile part of the magnetic core of
the coil of the fuel injector.
[0007] In view of the strong mechanical stresses to
which the central portion of the main tubular body and
the shutter unit are subjected, it is common practice in
all companies which manufacture fuel injectors to sub-
ject these items to surface treatment which deposits a
layer of highly-resistant material on their entire outer
surface.
[0008] Unfortunately, the highly-resistant material
(for example chromium) which is deposited on the sur-
face of the two components has non-magnetic or dia-
magnetic properties, and when it is diffused on the
interior, it contaminates the ferro-magnetic material of
which the two components are made, thus reducing
their ferro-magnetic properties. In turn, this reduction
gives rise to deterioration of the performance of the
magnetic surface of the injector.
[0009] In addition, the above-described surface
treatment has high costs, which affect significantly the

overall production costs of the above-described fuel
injectors.

[0010] The object of the present invention is to pro-
vide a fuel injector for internal-combustion engines,
which is free from the above-described disadvantages.
[0011] According to the present invention, a fuel
injector is provided, which comprises a main tubular
body, which has at least one through pipe which ends in
a spray nozzle, which can spray to the exterior the fuel
which is present inside the through pipe, and a shutter
unit, which is mobile inside the through pipe, from and
towards a position of closure, in which it abuts the spray
nozzle, and seals it in a fluid-tight manner; the shutter
unit being made of ferro-magnetic material, and the
injector additionally comprising a coil which can gener-
ate selectively a magnetic field, which can displace the
shutter unit from the said position of closure; a portion of
the said main tubular body in turn being made of ferro-
magnetic material, such as to define together with the
said shutter unit respectively the fixed part and the
mobile part of a magnetic core made of ferro-magnetic
material; the said fuel injector being characterised in
that the portion of the main tubular body which defines
the fixed part of the magnetic core is not provided with
any surface treatment.
[0012] The present invention will now be described
with reference to the attached drawings, which illustrate
a non-limiting embodiment of it, in which:

- figure 1 is a view in cross-section of a fuel injector
produced according to the dictates of the present
invention; whereas

- figure 2 illustrates on an enlarged scale a detail of
the fuel injector illustrated in figure 1.

[0013] With reference to figure 1, the number 1 indi-
cates as a whole a fuel injector which is particularly suit-
able for being fitted onto internal-combustion engines of
a known type.
[0014] The injector 1 comprises a main tubular
body 2, which is provided with a through pipe 3 with a
variable diameter, into which pressurised fuel is sup-
plied. This through pipe 3 extends co-axially relative to
the longitudinal axis A of the tubular body 2, and ends at
an axial end 2a of the tubular body 2, in a spray nozzle
4, which can project outside the injector 1 itself a finely
sprayed jet of fuel.
[0015] The injector 1 additionally comprises a shut-
ter unit 5, which is made at least partially of ferro-mag-
netic material, and is fitted such as to be axially mobile
inside an end portion of the through pipe 3, from and
towards a position of closure, in which the shutter unit 5
itself shuts the spray nozzle 4, such as to prevent dis-
charge of the fuel; a contrast spring 6, which can main-
tain the shutter unit 5 in the said position of closure; and
a coil 7 of electrically conductive material, which can
displace the shutter unit 5 by command from the posi-
tion of closure, thus overcoming the resilient force of the
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contrast spring 6. In this case, the coil 7 is fitted onto the
tubular body 2 upstream from the shutter unit 5, and,
when electric current is passed through it, it can gener-
ate a magnetic field which can overcome the resilient
force of the contrast spring 6, and displace the shutter
unit 5 axially, thus moving it away from the position of
closure.

[0016] In order to increase the intensity of the elec-
tro-magnetic forces which act on the shutter unit 5, the
central portion of the tubular body 2 onto which the coil
7 is fitted, and which is aligned with the shutter unit 5, is
made of ferro-magnetic material, such as to intensify
the magnetic field which acts on the shutter unit 5.
[0017] It should be emphasised that in practice, the
central portion of the tubular body 2, and the shutter unit
5 define respectively the fixed part and the mobile part
of a magnetic core made of ferro-magnetic material,
which is disposed co-axially relative to the coil 7, in
order to intensity the magnetic field produced by the lat-
ter.
[0018] With reference to figure 2, in order to resist
the mechanical stresses to which it is subjected in oper-
ation, the shutter unit 5 is subjected to surface treat-
ment, which consists of depositing on part or all of its
outer surface a layer of highly-resistant material which
preferably, but not necessarily, has non-magnetic or dia-
magnetic characteristics.
[0019] In the example illustrated, in particular, the
shutter unit 5 is subjected to galvanic treatment, which,
by means of electro-plating, is designed to produce a
layer of chromium on the entire outer surface of the
shutter unit 5 (see figure 2). It will be appreciated that
this layer of chromium can optionally be produced only
on the part of the outer surface of the shutter unit 5
which is subjected directly to the mechanical stresses.
[0020] Contrary to the situation at present, the cen-
tral portion of the tubular body 2, i.e. the fixed part of the
magnetic core of the coil 7, is on the other hand not pro-
vided with any surface treatment.
[0021] With reference to figures 1 and 2, in the
example illustrated, the tubular body 2 consists of three
tubular segments, which are connected to one another
in a telescopic manner, such as to permit easy, quick
assembly of the injector 1. The first tubular segment,
which is indicated hereinafter by the number 8, defines
the end portion of the tubular body 2, inside which the
shutter unit 5 is mobile axially; the second tubular seg-
ment, which is indicated hereinafter by the number 9,
defines the initial portion of the tubular body 2, through
which the pressurised fuel enters the through pipe 3;
whereas the third tubular segment, which is indicated
hereinafter by the number 10, connects the tubular seg-
ments 8 and 9 to one another, and defines the housing
for the coil 7.
[0022] In view of the particular structure of the tubu-
lar body 2, in the example illustrated, the fixed part of
the magnetic core of the coil 7, i.e. the central portion of
the tubular body 2, onto which the coil 2 is fitted, and

which is simultaneously aligned with the shutter unit 5,
consists of an end portion of the tubular segment 9,
which is thus made of ferro-magnetic material, and is
obviously not provided with any surface treatment.

[0023] On the other hand, in the example illus-
trated, the shutter unit 5 consists of a cup-type body
with a cylindrical shape, which is fitted such as to slide
axially inside the pipe 3, with its own end facing the
spray nozzle, such that, when it is in the position of clo-
sure, it can be positioned with its base abutting a seal-
ing surface 11 provided on the spray nozzle 4 itself, in
order to provide the hydraulic sealing. This sealing sur-
face 11, is preferably, but not necessarily flat.
[0024] In particular, with reference to figure 1, the
spray nozzle 4 consists of a disc with a calibrated cen-
tral hole, which is fitted onto the axial end 2a of the tubu-
lar body 2, i.e. onto the tubular segment 8, such as to be
perpendicular to the longitudinal axis A of the tubular
body 2 itself. The surface of the disc which faces the
through pipe 3 defines the sealing surface 11, whereas
the surface of the disc which faces in the direction oppo-
site the through pipe 3, has, in the example illustrated, a
frusto-conical flare, which serves the purpose of guar-
anteeing improved spraying and diffusion of the jet of
fuel.
[0025] On the other hand, the shutter unit 5 consists
of a cylindrical tubular element 12 made of ferro-mag-
netic material, and a sealing disc 13 made of highly-
resistant material, which is welded to an axial end of the
cylindrical tubular element 12, such as to define the
base of the cup-type body. On its own outer flat surface
13a, i.e. on its surface which does not face the cylindri-
cal tubular element 12, this sealing disc 13 has two con-
centric annular projections 14 and 15, which are co-
axial relative to the axis A, each of which can abut the
spray nozzle 4, i.e. the sealing surface 11, such as to
surround the calibrated central hole, so as to form the
hydraulic seal.
[0026] Finally, the sealing disc 13 has a plurality of
through holes 16, which can permit passage of the fuel
from the interior of the cup-type body, i.e. inside the
shutter unit 5, towards the outer flat surface 13a of the
disc, at the area delimited by the two annular projections
14 and 15.
[0027] With reference to figure 1, the contrast
spring 6 is disposed inside the pipe 3, co-axially relative
to the axis A, with a first end abutting the base of the
shutter unit 5, i.e. the sealing disc 13, and a second end
abutting a shoulder provided inside the pipe 3.
[0028] In the example illustrated, this shoulder is
defined by the axial end of a spring-thrust body 17
inserted inside the pipe 3, immediately upstream from
the section of the through pipe 3 in which the shutter
unit 5 is mobile, i.e. inside the tubular segment 9. This
spring-thrust body 17 constitutes an integral part of the
tubular body 2, has a cylindrical tubular shape, and is
preferably, but not necessarily, made of ferro-magnetic
material. The position of the spring-thrust body 17
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inside the pipe 3 can be adjusted during fitting of the
injector 1, such as to regulate the compression of the
contrast spring 6.

[0029] Finally, the coil 7, which is made of electri-
cally conductive material, is fitted on the tubular seg-
ment 10 of the tubular body 2, inside an outer annular
seat 18 provided on the tubular segment 10 itself, and
has an outer protective housing 19 fitted onto the coil 7,
such as to close the latter onto the tubular body 2.
[0030] In the example illustrated, on the outer hous-
ing 19, there is provided an electrical connector 20, by
means of which it is possible to convey the electric cur-
rent to the coil 7.
[0031] The functioning of the fuel injector 1 can eas-
ily be understood from the foregoing description and
illustration, and further explanations are therefore not
required.
[0032] It should however be emphasised that
repeated experimental tests have shown that elimina-
tion of the layer of highly-resistant material from the
fixed part of the magnetic core has not given rise to any
reduction in the average service life of the fuel injector,
although the production costs have been substantially
reduced.
[0033] A further advantage of the injector 1 is that
there is reduction of the thickness of the gap which
exists between the fixed part and the mobile part of the
magnetic core, thus improving the efficiency of the mag-
netic circuit, and reducing the dispersion of the func-
tional characteristics.
[0034] Finally, it is apparent that modifications and
variants can be made to the injector 1 described and
illustrated here, without departing from the context of
the present invention.

Claims

1. Fuel injector (1), comprising a main tubular body
(2), provided with at least one through pipe (3)
which ends in a spray nozzle (4) which can spray to
the exterior the fuel which is present inside the
through pipe (3), and a shutter unit (5), which is
mobile inside the through pipe (3), from and
towards a position of closure in which it abuts the
spray nozzle (4), and seals it in a fluid-tight manner;
the shutter unit (5) being made of ferro-magnetic
material, and the injector (1) additionally compris-
ing a coil (7), which can generate selectively a mag-
netic field which can displace the shutter unit (5)
from the said position of closure; a portion (9) of the
said main tubular body (2) in turn being made of
ferro-magnetic material, such as to define together
with the said shutter unit (5) respectively the fixed
part and the mobile part of a magnetic core (5, 9)
made of ferro-magnetic material; the said fuel injec-
tor (1) being characterised in that the portion (9) of
the main tubular body (2) which defines the fixed
part of the magnetic core (5, 9) is not provided with

any surface treatment.

2. Fuel injector according to claim 1, characterised in
that the said shutter unit (5) which defines the
mobile part of the magnetic core (5, 9), has a layer
of highly-resistant material, substantially on all of its
own outer surface.

3. Fuel injector according to claim 2, characterised in
that the said layer of highly-resistant material has
non-magnetic characteristics.

4. Fuel injector according to claim 2, characterised in
that the said layer of highly-resistant material has
diamagnetic characteristics.
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