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(54) Filter

(57) A filter comprising a plate (13) arranged to be
received within a bore (11) or drilling of a fuel injector,
the plate (13) being provided with a plurality of openings
(15) whereby fuel can flow from an upstream side of the
plate (13) to a downstream side thereof, the openings
(15) having been formed using a micro-machining tech-
nique.
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Description

[0001] This invention relates to a filter, and in partic-
ular to a filter suitable for use in a fuel injector to remove
particulate contaminants from a flow of fuel.

[0002] It is known to provide an edge filter in a fuel
injector to separate contaminants from the flow of fuel
towards a nozzle of the injector, thereby reducing the
risk of damage to the injector, for example as a result of
the contaminants causing components of the injector to
become jammed in position or causing excessive wear.
The filter must be capable of separating small contam-
inant particles from the flow of fuel, and also be capable
of withstanding the impact of large particles.

[0003] Itis an object of the invention to provide a filter
suitable for use in such applications.

[0004] According tothe presentinvention there is pro-
vided a filter comprising a plate arranged to be received
within a bore or drilling of a fuel injector, the plate being
provided with a plurality of openings whereby fuel can
flow from an upstream side of the plate to a downstream
side thereof, the openings having been formed using a
micro-machining technique.

[0005] Each opening conveniently includes an up-
stream region of relatively large dimensions and a
downstream region of relatively small dimensions. Such
an arrangement is advantageous in that the down-
stream regions ensure that small contaminant particles
are removed from the flow of fuel, the upstream regions
protecting the downstream regions from being impacted
by large contaminant particles.

[0006] A plurality of downstream regions may be as-
sociated with each upstream region.

[0007] The invention also relates to a method of man-
ufacturing such a filter comprising micro-machining a
plate to form a plurality of openings. The micro-machin-
ing operation may take the form of etching the plate to
form the openings. Alternatively, the micro-machining
operation may involve building up layers of material,
conveniently nickel or chromium, to form the plate and
the openings using an electroforming technique. It will
be appreciated, however, that other micro-machining
techniques may be used.

[0008] The invention will further be described, by way
of example, with reference to the accompanying draw-
ings, in which:-

Figure 1 is a diagrammatic sectional view of a filter
in accordance with an embodiment of the invention

located within a fuel injector;

Figure 2 is an enlarged perspective view illustrating
the embodiment of Figure 1;

Figure 3 is an enlargement of part of Figure 2; and

Figures 4 and 5 are views similar to Figures 2 and
3 illustrating an alternative embodiment.
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[0009] Figure 1 illustrates part of the nozzle holder 10
of a fuel injector, the nozzle holder 10 being provided
with a region 10a which is externally screw-threaded
and arranged to have a pipe connector secured thereto
to permit the connection of the injector to a source of
fuel under high pressure, for example a common rail
charged with fuel to an appropriate pressure by a high
pressure fuel pump. The nozzle holder 10 is provided
with a stepped bore 11 including an inlet region 11a, and
aregion 11b of relatively small dimensions. Intermediate
the regions 11a and 11b, the bore 11 is shaped to define
afiltration region 11c. The region 11c is of stepped form
and houses a tubular location member 12, the upstream
end of which is angled and arranged to support a filtra-
tion member in the form of a plate 13 of elliptical shape.
The location member 12 is arranged to seat against a
step forming part of the region 11c of the bore 11, the
location member 12 being of diameter slightly smaller
than that of the adjacent part of the bore to permit the
location member 12 to be slid into position. The location
member 12 and plate 13 are secured in position by
means of a tubular fixing member 14, the downstream
end of which is angled similarly to the upstream end of
the location member 12, the upstream end of the fixing
member 14 being of diameter such that the fixing mem-
ber 14 is an interference fit within the bore 11.

[0010] The plate 13 is micro-machined to form a plu-
rality of openings 15 which extend from an upstream
surface of the plate 13 to a downstream surface thereof.
Each opening 15 comprises an upstream region 15a
which is of relatively great depth and relatively large di-
mensions and a downstream region 15b which is of rel-
atively small depth and small dimensions.

[0011] In use, fuel flowing from the inlet region 11a of
the bore to the region 11b must flow through the open-
ings 15 of the plate 13. Contaminants carried by the flow
of fuel which are of dimensions greater than the up-
stream regions 15a of the openings 15 are unable to
pass through the openings 15, and are thus prevented
from continuing with the flow of fuel towards the nozzle
of the injector. Contaminant particles which are of di-
mensions smaller than the upstream regions 15a of the
openings 15 are able to enter the upstream regions 15a.
If these contaminant particles are of dimensions greater
than the downstream regions 15b of the openings 15,
then, as these contaminant particles will be unable to
flow through the downstream regions 15b, these parti-
cles are also prevented from continuing with the flow of
fuel towards the nozzle body of the injector. It will there-
fore be appreciated that only particles of very small di-
mensions which are able to pass through the down-
stream regions 15b of the openings 15 are permitted to
continue with the flow of fuel towards the nozzle body
of the injector. The dimensions of the downstream re-
gions 15b are chosen to be sufficiently small that any
particles which are able to pass through the downstream
regions 15b will be of sufficiently small dimensions that
the risk of significant damage to the injector or of the
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injectors performance being impaired is relatively low.
[0012] It will be appreciated that as the plate 13 is an-
gled to the flow of fuel, any contaminant particles flowing
with the fuel and incident upon the plate 13 do notimpact
the plate 13 normal to the plane thereof, thus the risk of
damage to the plate 13 is reduced. Further, as the plate
13 is angled relative to the axis of the bore 11, the area
of the plate 13 which can be provided with the openings
15 is increased, thus the available filtration area can be
increased. A further advantage of the arrangement illus-
trated in Figure 1 is that only particles of relatively small
dimensions are able to pass through the upstream re-
gions 15a of the openings 15, thus the downstream re-
gion of the plate 13 which defines the downstream re-
gions 15b, and is relatively fragile, is not impacted by
contaminant particles of relatively large dimensions. As
a result, the risk of damage to the downstream region
of the plate 13 is reduced.

[0013] Itis thought that, in use, contaminant particles
incident upon the plate 13 are likely to be broken up, in
use, and once the particles have broken to a sufficient
extent to be able to pass through the downstream re-
gions 15b of the openings 15, then these particles will
be able to continue with the flow of fuel towards the noz-
zle body. It will be appreciated, however, that by this
time, as the particles are of small dimensions, the risk
of damage to the injector is reduced. If the particulate
contaminants are able to break up in this manner, then
it will be appreciated that clogging of the filter can be
avoided.

[0014] Figures 2 and 3 illustrate the arrangement of
Figure 1 in greater detail. As shown most clearly in Fig-
ure 3, the upstream regions 15a of the openings take
the form of a series of parallel grooves. The downstream
regions 15b are defined by a series of slats 16 of small
width, the slats 16 defining the downstream regions 15b
extending in a direction perpendicular to the grooves de-
fining the upstream regions 15a. As the slats 16 are rel-
atively thin, it will be appreciated that the slats 16 are
relatively fragile, and thus it is important to ensure that
contaminant particles of relatively large dimensions are
removed from the fuel by being unable to pass through
the grooves defining the upstream regions 15a of the
openings 15. As a result, the relatively large contami-
nant particles are unable to move into engagement with
the slats 16, and are thus unable to cause damage to
the slats. It is thought that the provision of slots acting
as the upstream regions 15a should be particularly ef-
fective at breaking up large contaminant particles.
[0015] Although in the description hereinbefore, the
plate 13 is located using a location member 12 and a
fixing member 14, the plate 13 not being secured to ei-
ther of these components, the arrangement may be
modified by securing the plate 13 to one or other, or both
of these components, if desired.

[0016] Further, if the plate 13 is secured to the fixing
member 14, then the provision of the location member
12 may be avoided.
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[0017] The embodiment illustrated in Figures 4 and 5
is similar to that described hereinbefore. In the arrange-
ment of Figures 4 and 5, the upstream regions 15a take
the form of a matrix of openings of hexagonal form rather
than a series of grooves. It will be appreciated, however,
that the upstream regions 15a may be of other shapes,
for example squares, triangles, circles or any other
shape. Each upstream region 15a communicates with
a plurality of downstream regions 15b which again take
the form of openings. As illustrated in Figure 5, these
openings may be of circular cross-section, but again the
downstream regions 15b may take the form of a matrix
of openings of any suitable shape. Operation of this em-
bodiment is as described hereinbefore and so will not
be described in further detail.

[0018] The plate 13 of any of the embodiments de-
scribed hereinbefore may take the form of a relatively
thick plate, the openings 15 being formed by etching the
plate, the upstream regions 15a of the openings 15 be-
ing etched from one surface of the plate, the down-
stream regions 15b being etched from the other surface
of the plate. Alternatively, the plate 13 may be manufac-
tured by building up layers of material using an electro-
forming technique. For example, thin layers of nickel or
chromium may be built up to form the plate 13 and the
openings 15 which extend through the plate. It will be
appreciated, however, that other micro-machining tech-
niques may be used to form the plate 13 and the open-
ings 15 which extend through the plate.

Claims

1. Afilter characterised by a plate (13) arranged to be
received within a bore (11) or drilling of a fuel injec-
tor, the plate (13) being provided with a plurality of
openings (15) whereby fuel can flow from an up-
stream side of the plate (13) to a downstream side
thereof, the openings (15) having been formed us-
ing a micro-machining technique.

2. Thefilter as claimed in Claim 1, wherein each of the
openings includes an upstream region (15a) of rel-
atively large dimensions and a downstream region
(15Db) of relatively small dimensions.

3. Thefilter as claimed in Claim 2, wherein a plurality
of downstream regions (15b) are associated with
each upstream region (15a).

4. The filter as claimed in Claim 2 or Claim 3, wherein
the upstream regions (15a) take the form of grooves
formed in the plate (13).

5. Thefilter as claimed in any of Claims 2 to 4, wherein
the downstream regions (15b) take the form of slats
(16) formed in the plate (13).



10.

1.

12.

5 EP 0999 363 A1

The filter as claimed in Claim 5 when dependent on
Claim 4, wherein the grooves are arranged sub-
stantially perpendicular to the slats (16).

The filter as claimed in Claim 2 or Claim 3, wherein
the upstream regions (15a) are any one of hexag-
onal, circular, triangular or square form.

The filter as claimed in Claim 2 or Claim 3, wherein
the downstream regions (15b) are any one of hex-
agonal, circular, triangular or square form.

The filter as claimed in any of the preceding claims
wherein, in use, the plate (13) is secured to one or
both of a location member (12) or a fixing member
(14) for locating the plate (13) within the bore (11)
or drilling.

A method of manufacturing a filter as claimed in any
of the preceding claims, comprising the step of mi-
cro-machining a plate (13) to form a plurality of
openings (15).

The method as claimed in Claim 10, wherein the
step of micro-machining the plate (13) comprises
the step of etching the plate (13) to form the open-
ings (15).

The method as claimed in Claim 10, wherein the
step of micro-machining the plate (13) comprises
the step of building up layers of material to form the
plate (13) and the openings (15) using an electro-
forming technique.
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