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Description

Filter Assembly and Fuel Injector

Present invention concerns a filter assembly for use in a fuel

injector and the fuel injector.

A combustion engine, especially of the piston type, uses a fuel
injector for injecting fuel into a combustion chamber. The fuel
injector comprises a filter assembly that is commonly
press-fitted into the injector in an axial direction during

manufacturing the injector.

EP 1 229 239 A2 shows a fuel injector with a filter.

As the filter assembly is press-fitted into the injector,

considerable forces may act on the filter assembly so that the
position of the filter assembly with respect to the injector may
be poorly defined due to deformations that may occur. In addition,
a rupture of the filter element may occur so that unfiltered fuel

may pass towards the delicate valve system of the injector.

It is therefore an object of present invention to provide a filter
assembly and a fuel injector so that axial press fitting the
filter assembly into the injector may be carried out with reduced

risk of deformation of an element of the filter assembly.

The invention achieves this object through a filter assembly and
a fuel injector with the features of independent claims. De-
pendent claims lay out preferred embodiments and developments of

the invention.

According to the invention, a filter assembly for an injector for
injecting fuel into a combustion engine is specified. The filter
assembly comprises a filter element and a tubular filter housing
in which the filter element is received. According to another
aspect of the invention, a fuel injector comprising the filter

assembly is specified.
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The filter element has a frame. It may expediently further have
a filter screen which is attached to the frame. In one embodiment,
the frame has a cylindrical side wall, in particular extending
along a longitudinal axis. In other embodiments, the frame has
a central opening which extends through the frame along the

longitudinal axis, the central opening having radial protru-

sions. An outer circumferential side surface of the frame may be
cylindrical also in these embodiments. In one development, the
filter screen protrudes from one side - in particular a fuel

outlet side - of the frame in longitudinal direction. In some
embodiments, the filter screen axially overlaps the frame and
follows the shape of the central opening of the frame in the region

of the axial overlap.

The filter housing has a side wall with a taper supporting an axial
end of the frame of the filter element. The axial end is located
at the fuel outlet side of the frame in one embodiment. The taper
has the shape of a conic section, based on a cone with an opening
angle y of less than 180°. In particular, a cross-sectional area
of an inner circumferential surface of the filter housing
decreases gradually in the region of the taper in the course along
the longitudinal axis. In one embodiment, the filter screen

protrudes longitudinally beyond the conic section.

By using the sloped surface of the conic section rather than a
shoulder, axial forces upon the filter assembly during

press-fitting the filter assembly into the fuel injector can be
better sustained and deformation of the filter housing can be

prevented or at least largely avoided.

Adjacent to the above mentioned axial end, the outer circum-
ferential side surface of the frame may comprise a first section
in the region of the taper, the first section having the shape
of a conic section, based on a cone with an opening angle o of
less than 180°.

The first section may for instance be aligned with the taper -

i.e. in particular the first section and the taper overlap
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axially. In this way, the filter assembly may be free of sharp
edges that may exercise tension onto the filter housing in the
taper section. In cases where the opening angle o differs from
the opening angle v, the frame may be made from an elastic

material, so that the first section of the outer circumferential
surface of the frame may be deformed to adapt to the inner

circumferential surface of the filter housing in the region of
the taper during assembling the filter assembly. In this way, an

improved radial support of the frame may be provided.

It is preferred that the opening angle o lies between 60° and 160°.
Experiments have shown that a chamfer of this inclination is
well-suited to both transfer axial forces and give radial support

to the filter housing.

The outer circumferential surface of the frame may further
comprise a second section in the region of the taper, the second
section having the shape of a conic section, based on a cone with
an opening angle B of less than 180° and a # B. The second section
is preferably also arranged adjacent to the above mentioned axial
end of the frame. In particular, the first section and the second
section adjoin one another, i.e. they follow one another directly
and have a common interface. The first section is preferred be
arranged subsequent to the second section in longitudinal
direction along the frame towards the axial end and in particular
towards the fuel outlet side. The second section preferably lies
axially between the first section and a cylindrical section of
the outer circumferential side surface of the frame. By providing
the two adjacent sections, adaption of the filter element to the
filter housing or force transfer between filter element and

filter housing may be further improved.

It is preferred that the opening angle B lies between 20° and 140°.
It is furthermore preferred that o is greater than v and v is

greater than B. This way, optimal results may be achieved.

In another preferred embodiment an axial height h of the first

section is smaller than or equal to an axial height y of the taper
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and the axial height y of the taper is smaller than or equal to
an accumulated axial height H of the first and second sections.
Both, the first and second section overlap in particular axially
with the taper. This way, the interface of the first and second

sections may be positioned on the taper of the filter housing.

Preferably, the filter assembly is configured to be axially

press-fitted into the injector. For example, an outer diameter
of the filter housing on the smaller diameter end of the taper
may be aligned with an inner diameter of a bore of a supporting
part of the injector. The filter assembly may thus be press-fitted
into the injector such that an axial position of the filter

assembly can be calibrated while no physical damage may occur to
the filter housing during this process. Especially in an injector
where the axial position of the filter element determines a

characteristic of the injector, such as a flow rate, a filter

assembly described above can be used with advantage.

In the following portion of the description, further aspects of
the present disclosure are specified. The individual aspects are
enumerated in order to facilitate the reference to features of

other aspects.

1. Filter assembly for use in a fuel injector for injecting fuel
into a combustion engine, the assembly comprising:

- a filter element with a frame, the frame having an axial end;
- a tubular filter housing in which the filter element is
received;

- the filter housing having a side wall with a taper supporting
the axial end of the frame of the filter element,

wherein the taper has the shape of a conic section, based on a

cone with an opening angle y of less than 180°.

2. Filter assembly according to aspect 1, wherein an outer
circumferential surface of the frame comprises a first section
in the section of the taper, the first section having the shape

of a conic section, based on a cone with an opening angle o of
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5
less than 180°.
3. Filter assembly according to aspect 2, wherein
60° < o < 160°.
4, Filter assembly according to aspect 2 or 3, wherein the outer

circumferential surface of the frame further comprises a second
section in the region of the taper, the second section having the
shape of a conic section, based on a cone with an opening angle
B of less than 180° and o # R.

5. Filter assembly according to aspect 4, wherein
20° < R £ 140°.

6. Filter assembly according to aspects 4 or 5, wherein
a > v > B.

7. Filter assembly according to one of the preceding apsects,

wherein h < y £ H, with

h := an axial height of the first section

y := an axial height of the taper and

H := an accumulated axial height of the first and second sections.
8. Filter assembly according to one of the preceding aspects,

wherein the filter assembly is configured to be axially

press-fitted into the injector.

9. Fuel injector comprising a filter assembly according to one

of the preceding aspects.

The invention will now be explained in more detail with respect

to the enclosed drawings, in which:

Fig. 1 shows a fuel injector in a longitudinal section view;
Fig. 2 shows a filter assembly being installed into the fuel

injector of Fig. 1 in a longitudinal section view;
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Fig. 3 shows a filter element and a filter housing of a filter
assembly for the injector of Fig. 1 in respective
longitudinal section views and

Fig. 4 shows exemplary embodiments of the filter assembly of

Figs. 1-3 in longitudinal section views.

Fig. 1 shows a fuel injector 100 for injecting fuel into a
combustion engine, especially in a power train of a motor vehicle.
The fuel injector 100 extends along a longitudinal axis 105 and
comprises a filter assembly 110 for filtering fuel on its way
through the injector 100 between an inlet 115 and a tip 120. The
filter assembly 110 preferably also extends along the longi-

tudinal axis 105.

In one embodiment of the injector 100, a valve 140 for controlling
a flow of fuel through the tip 120 and an electromagnetic actuator
145 for operating the valve 140 are provided. The actuator 145
may comprise a solenoid 150 and an armature 155. When the solenoid
150 is energized it attracts the armature 155 which is coupled
to the valve 140 so that a flow of fuel through the injector 100

is permitted.

In the present, exemplary embodiment the fuel injector 100

furthermore comprises a body 125, a cover 130 and a block 135.
The block 135 is in particular a pole piece of the actuator 145
of the fuel injector 100. The block 135 is adapted to receive the
filter assembly 110 from an axial direction and the filter

assembly 110 is preferred to be adapted for press-fitting into
the block 135. In particular, the block 135 has a central bore
extending through the block 135 in longitudinal direction and the

filter assembly 110 is received in the central bore.

A calibration spring 160 is be provided for pushing a valve needle
162 of the valve 140 towards a valve seat of the valve 140 in a
direction opposite to the attraction force of the solenoid 150
when energized. In present embodiment, the filter assembly 110
is in contact with the calibration spring 160 on an axial side

opposite to the side on which the calibration spring 160 is in
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contact with the valve needle 162. The preloading force of the
calibration spring 160 on the valve needle 162 may be adjusted
by changing the axial position of filter assembly 110 with respect
to block 135. Through this, dynamic flow characteristics of the
injector 100 may be calibrated. Such calibration may be performed

during manufacturing the injector 100.

The filter assembly 110 comprises a filter element 165, a filter
housing 170 and, in a preferred embodiment, a filter cap 175. The
filter element 165 has a cylindrical frame 180, to which a filter
screen 185 is attached for filtering fuel which flows through the
injector 100 to the wvalve 140.

The frame 180 is preferred to be hollow. It may have the shape
of a cylinder shell. In other, preferred embodiments the inner
lateral surface of the frame 180 is not cylindrical. In this way,
a particularly large filtering area of the filter screen 185 is
achievable. The frame 180 is by preference manufactured from a

plastic, in particular by means of moulding or casting.

The screen 185 may comprise a fine sieve, a fleece or the like.
It axially protrudes beyond a first axial end 220 of the frame
180 on a fuel outlet side of the frame 180. The screen 185 may
be moulded to the frame 180 in the same or a successive process,

for example by means of insert moulding.

The filter housing 170 may be a metal part, for instance
manufacturable from a metal sheet by deep-drawing. The cap 175
may also comprise a formed sheet metal. The cap 175 may be
press-fitted onto the filter housing 170. It is preferred that
the cap 175 comprises an aperture for permitting a flow of fuel
towards the filter element 165. After passing through the filter
element 165, the fuel may exit through another aperture in the
filter housing 170, near the bottom of filter assembly 110 in Fig.
1, to flow towards the valve 140.

Fig. 2 shows the filter assembly 110 during installation in the

fuel injector 100 of Fig. 1. A pressing force 205 is exerted to
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the filter cap 175 from where it may be transferred to the frame
180 of the filter element 165 and on to the filter housing 170.
In other embodiments - for example when the filter housing 170
is bent inwards near the filter cap 175 such as to enclose the
filter element 165 on its adjacent axial end which is in

particular positioned on a fuel inlet side of of the frame 180
- the pressing force from the filter cap 175 may be forwarded
directly into the filter housing 170 without being conducted
axially through the frame 180. The pressing force may lie in the

range of 200-1000 N or even more.

Lateral friction between the filter housing 170 and the block 135
creates a resisting force 210 acting in a direction opposite to
pressing force 205. Furthermore, a preloading force 215 of
calibration spring 160 acts on the filter housing 170 against
pressing force 205. When the pressing force 205 exceeds the sum
of the resisting force 210 and the prelocading force 215, the
filter assembly 110 is press-fitted further into block 135 of
injector 100. The press-fitting of filter assembly 110 may be
carried out until a flow rate of a fluid through injector 100 has
reached a desired value. The pressing force 205 may be applied
continuously or in pulses. When the pressing force 205 is removed,
the filter assembly 110 is kept by lateral friction in its
position with respect to block 135.

The filter housing 170 has a taper 305 where an inner diameter
of the filter housing 170 is reduced downstream the filter cap
175. The frame 180 has a sidewall 218 with a generally cylindrical
circumferential outer surface, a first axial end 220 near the
taper 305 and a second axial end 225 near the cap 175 (see Fig.
2). The first axial end 220 is positioned at a fuel outlet side
of the frame 180 and the second axial end 225 is positioned at
a fuel inlet side of the frame 180.

The geometry of adjacent surfaces in the area of the taper shall
be explained in more detail with reference to Fig. 3. A par-
ticularly good transfer of forces along the filter housing 170

in the area of the taper is achievable in this way.
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Fig. 3 shows a filter element 165 and a filter housing 170 of a
filter assembly 110 for the injector 100 according to Figs. 1 or
2 in longitudinal section views. On the left hand side, the first
axial end 220 of the cylindrical frame 180 of filter element 165
of filter assembly 110 is shown in detail according to one
embodiment. On the right hand side the filter housing 170 with
a taper 305 for supporting the axial end 220 of the frame 180 is
shown in one embodiment. Only the portion of the filter housing
170 on the right hand side of the longitudinal axis 105 is shown
for the sake of simplicity. Dimensions are not to be regarded true
to scale for the sake of better representability and/or un-
derstanding and may not match those in Figs. 1 or 2.

The filter housing 170 employs a taper 305 to provide a slanted
contact surface 310 against which the axial end 220 of frame 180
may rest. The slanted contact surface 310 is a portion of the inner
circumferential surface of the filter housing 170. The taper 305
has the shape of a conic section, based on a cone with an opening
angle y which is smaller than 180°. This makes it different from
a shoulder, which may be understood as a taper based on a cone
with an opening angle of 180°. An extension of contact surface

310 in an axial direction is marked as vy.

The frame 180 may have a first chamfer 315 at its first axial end
220 to match with the contact surface 310 of the filter housing
170. The first chamfer 315 creates a first section 320 of the outer
circumferential surface of the sidewall 218 of the frame 180 which
also has the shape of a conic section, based on a cone with an
opening angle o. In this, o is smaller than 180°. An extension
of the first surface 320 in axial direction is given as h. In one
embodiment, the first section 320 and the contact surface 310 have

the same cone angle, i.e. o may equal v.

There may also be a second chamfer 325, creating a second section
330 of the outer circumferential surface of the sidewall 218 of
the frame 180. The second section 330 precedes the first section
320 axially in direction towards the first axial end 220 and, in

the present embodiment, has a common interface with the first
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section 320. Both, the first and second sections 320, 330 overlap

axially with the taper 305.

The second section 330, too, has the shape of a conic section,
based on a cone with an opening angle of 3. When the second chamfer
325 is present, the first surface 320 may have the same cone angle
as the contact surface 310 (i.e. o =vy), while B # y. In another
embodiment, the second surface 330 has the same cone angle as
contact surface 310 (i.e. B = vy), while o # y. In yet another
embodiment, however, o #  # v, and h < y so that firstly, only
a narrow circular section where surfaces 320 and 330 meet at their

common interface comes in contact with contact surface 310.

An accumulated axial height H comprises the axial height h of the

first surface 320 and the axial height of the second surface 330.

Various combinations of the given dimensions may lead to an

improved rest of the axial end 220 of frame 180 against the taper
305 of filter housing 170. The following table gives preferred
limits for said dimensions. Each specification accords to another

preferred embodiment and may be independent of the other given

specifications.

minimum maximum
H 0.2 mm 0.7 mm
h 0.1 mm 0.5 mm
% h H
o 60° 160°
B 20° 140°
Y o B

with the additional preferred constraints that
h < H; and
o > B.

Fig. 4 shows exemplary embodiments of the filter assembly 110 of
Figs. 1 to 3. In addition to the taper 305 there may be further
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tapers 405 without conflict with the functionality of the first
taper 305.
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Claims

Filter assembly (110) for use in a fuel injector (100) for

injecting fuel into a combustion engine, the assembly (110)

comprising:

- a filter element (165) with a frame (180), the frame (180)
having an axial end (220);

- a tubular filter housing (170) in which the filter element
(165) is received;

- the filter housing (170) having a side wall with a taper
(305) supporting the axial end (220) of the frame (180)
of the filter element (165),

wherein

- the taper (305) has the shape of a conic section, based
on a cone with an opening angle y of less than 180° and

- an outer circumferential surface of the frame (180)
comprises a first section (320) in the section of the taper
(305), the first section (320) having the shape of a conic
section, based on a cone with an opening angle o of less
than 180°.

Filter assembly (110) according to claim 1, wherein
60° < o < 160°.

Filter assembly (110) according to claim 1 or 2, wherein the
outer circumferential surface of the frame (180) further
comprises a second section (330) in the region of the taper
(305), the second section (330) having the shape of a conic
section, based on a cone with an opening angle B of less than
180° and o # B.

Filter assembly (110) according to claim 3, wherein
20° < R £ 140°.

Filter assembly (110) according to claim 3 or 4, wherein
a > v > B.
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6. Filter assembly (110) according to one of the preceding

claims, wherein h £ y < H, with

h := an axial height of the first section (320)
y := an axial height of the taper (305) and
5 H := an accumulated axial height of the first and second

sections (320, 330).
7. Filter assembly (110) according to one of the preceding
claims, wherein the filter assembly (110) is configured to

10 be axially press-fitted into the injector (100).

8. Fuel injector (100) comprising a filter assembly (110)

according to one of the preceding claims.

15
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