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COMPONENT

(57)  Afuel injection assembly is provided that com-
prises an elongate fuel injector (4) having a fuel inlet port
and a fuel outlet port, an injector cup (2), and a holding
component (8) for securing the fuel injector (4) in the
injector cup (2). The injector cup (2) comprises a gener-
ally cylindrical body having a longitudinal axis L, an upper
end adapted to be connected to a fuel rail mechanically
and hydraulically, and a lower end, the injector cup (2)
being open at its lower end to receive a fuel inlet port (10)
of the fuel injector (4), wherein a slot (14) is formed in
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the peripheral wall of the injector cup (2) for receiving an
engagement element (16) of the holding component (8).
The holding component (8) further comprises two gen-
erally parallel supporting arms (18) adapted to engage
opposite sides of the fuel injector (4). The two supporting
arms (18) each have a resilient extension (20) to resil-
iently engage the lower end of the injector cup (2) on
respective opposite sides of the fuel injector (4), each of
the resilient extensions (20) engaging the injector cup (2)
at at least two spaced points.

36 2%

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 786 440 A1 2

Description

[0001] The presentdisclosure relates to afuel injection
assembly for an internal combustion engine, particularly
but not exclusively, for a gasoline direct injection internal
combustion engine.

[0002] Fuel injection assemblies are widely used for
injecting fuel into an internal combustion engine, com-
monly having an injector for each cylinder of a multi-cyl-
inder engine in which the fuel is supplied from a reservoir
in the form of a common rail to which each of the injectors
is connected. The assembly is also suitable for use in a
single cylinder engine.

[0003] Theinjectors may be secured directly to the cyl-
inder head of the engine to project into the combustion
chamber. Such arrangements have a disadvantage in
that noise generated by the injection and combustion
process is transmitted through the engine to the exterior.
In order to reduce noise transmission, one solution is to
isolate the injector from direct mechanical connection
with the engine, for example by suspending the injector
in a fuel rail injector cup with a flexible seal therebetween
to prevent leakage of fuel from the injector cup past the
fuel injector. This is achieved by means of a holding el-
ement, commonly called afork clip. The injector cup itself
is secured to the fuel rail and the engine. In this way there
is no direct mechanical coupling between the injector and
the engine components.

[0004] A problem arises in that it possible for the fuel
injector to be accidently displaced so that its axis is an-
gularly displaced relative to the axis of the injector cup.
This accidental displacement can occur, at different stag-
es of the assembly onto the vehicle engine. Initially the
fuelinjector and cup are formed as a sub-assembly which
may then be packaged, transported to the engine assem-
bly plant and unpacked for assembly. At each stage, the
components of the subassembly may be accidently dis-
placed. It is necessary, however, for the angular position
of the fuel injector to be precisely positioned relative to
the injector cup so that the fuel injector fuel output is in
the correct position for fuel injection into the combustion
chamber. Furthermore, the angular displacement may
lead to the seal between injector and the cup being bro-
ken leading, in operation, to leakage of fuel under high
pressure which would a very dangerous situation. In the
known arrangements this is achieved by means of a fur-
ther componentknown as anindexing clip. Such arrange-
ments are shown for example in US Patent No.8,479,710
and WO 2015/135732.

[0005] The present disclosure seeks to provide a fuel
injection assembly with an improved arrangement for po-
sitioning the fuel injector.

[0006] Accordingtothe presentdisclosure there is pro-
vided a fuel injection assembly is provided that comprises
an elongate fuel injector having a fuel inlet port and a fuel
outlet port, an injector cup, and a holding component for
securing the fuel injector in the injector cup. The injector
cup comprises a generally cylindrical body having a lon-
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gitudinal axis L, an upper end adapted to be connected
to a fuel rail mechanically and hydraulically, and a lower
end, the injector cup being open atits lower end toreceive
afuel inlet port of the fuel injector. A slot is formed in the
peripheral wall of the injector cup for receiving an en-
gagement element of the holding component. The hold-
ing component further comprises two generally parallel
supporting arms adapted to engage opposite sides of the
fuel injector. The two supporting arms each have a resil-
ient extension to resiliently engage the lower end of the
injector cup on respective opposite sides of the fuel in-
jector, each of the resilient extensions engaging the in-
jector cup at at least two spaced points.

[0007] The present disclosure provides a fuel injection
assembly which has less components as the holding el-
ement and the indexing clip are combined into one com-
ponent. Each resilient extension of each of the support
arms engages the lower end of the injector cup on re-
spective opposite sides of the fuel injector and at a min-
imum of two spaced points. This arrangement avoids the
holding element being able to tilt relative to the longitu-
dinal axis L so that a variation in the alignment of injector
with respect to the injector cup can be hindered, in par-
ticular relative tilting of the fuel injector with respect to
the injector cup and the longitudinal axis L of the injector
cup can be avoided.

[0008] The holding element described herein provides
a retaining function which provides an axial force in the
longitudinal direction L for attaching the fuel injector to
the injector cup, an orientation function which prevents
radial movement of both the holding element about the
longitudinal axis L and relative radial movement between
the injector cup and the fuel injector and an anti-tilting
function that is provided by the at least two contact points
between the extension of the supporting arms of the hold-
ing element and the injector cup, for example the lower
surface of a flange of the injector cup. A single one-piece
holding component provides all three functions, which
reduces costs and eases assembly, for example com-
pared to a multi-component arrangement.

[0009] The supporting arm and its resilient extension
may form a general U-shape in plan view with the en-
gagement element extending from one end of the sup-
porting arm substantially perpendicularly to the support-
ing arm and, when installed, parallel to the longitudinal
axis. The resilient extension has a free end facing to-
wards the engagement element which gives the resilient
element its resilience as the resilient extension is able to
move towards the supporting arm in response to force
acting perpendicularly to the surface of the resilient ex-
tension.

[0010] In the installed position, the supporting arms
may extend substantially perpendicularly to the longitu-
dinal axis L. The resilient extensions may extend sub-
stantially parallel to the supporting arms and also sub-
stantially perpendicular to the longitudinal axis in the in-
stalled position.

[0011] In some embodiments, the two generally paral-
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lel supporting arms adapted to engage opposite sides of
a groove in the outer surface of the fuel injector. The
grove may be annular. In other embodiments, two or
more grooves may be provided on opposite sides of the
outer surface of the fuel injector with one supporting arm
of the holding component engaging with one of the
grooves on opposite sides of the fuel injector.

[0012] In some embodiments, the resilient extensions
are each profiled to have a waveform having a plurality
of spaced peaks, at least two of the peaks engaging the
injector cup at atleasttwo spaced points. Inembodiments
including two peaks, both peaks engage the injector cup
at two points that are spaced apart on the injector cup.
[0013] In some embodiments, the injector cup has a
peripheral flange at its lower end, and each of the peaks
engages with the peripheral flange. In some embodi-
ments, the slot for the engagement element is formed in
the flange.

[0014] In some embodiments, the engagement ele-
ment comprises a pair of spaced engagement arms ex-
tending generally parallel to the axis L and substantially
at right angles from the supporting arms. Each of the
engagement arms has a shank having at its free end an
enlarged section having an inclined outer surface. In the
installed condition, the enlarged section projects through
the slot, and provides a shoulder to engage the flange of
the injector cup.

[0015] In some embodiments, each of the spaced en-
gagement arms have adjacent the junction with the sup-
porting arms an undercut on their facing edges.

[0016] In some embodiments, the holding component
is a one-piece component formed from a sheet metal
material such as stainless steel or a plastics material.
[0017] The disclosure also provides a holding compo-
nent for a fuel injection assembly for securing a fuel in-
jector in fuel injector cup, the injector cup comprising a
generally cylindrical body extending along a longitudinal
axis L, an upper end adapted to be connected to a fuel
railmechanically and hydraulically, and a lower end open
to receive a fuel inlet port of the fuel injector. A slot is
being formed in the peripheral wall of the injector cup for
receiving an engagement element of the holding compo-
nent. The holding component comprises the engage-
ment element and further comprises two generally par-
allel supporting arms adapted to engage opposite sides
of the fuel injector. The two supporting arms each have
a resilient extension which, in the installed position, are
adapted to resiliently engage the lower end of the injector
cup on respective opposite sides of the fuel injector, each
of the resilient extensions being adapted to engage the
injector cup at at least two spaced points.

[0018] In some embodiments, the resilient extensions
are each profiled to have a waveform having a plurality
of spaced peaks, at least two of the peaks engaging the
injector cup at at least two spaced points.

[0019] The supporting arm and its resilient extension
may form a general U-shape in plan view with the en-
gagement element extending from one end of the sup-

10

15

20

25

30

35

40

45

50

55

porting arm substantially perpendicularly to the support-
ing arm and, when installed, parallel to the longitudinal
axis. The resilient extension has a free end facing to-
wards the engagement element which gives the resilient
element its resilience as the resilient extension is able to
move towards the supporting arm in response to force
acting perpendicularly to the surface of the resilient ex-
tension.

[0020] In the installed position, the supporting arms
may extend substantially perpendicularly to the longitu-
dinal axis L. The resilient extensions may extend sub-
stantially parallel to the supporting arms and also sub-
stantially perpendicular to the longitudinal axis in the in-
stalled position.

[0021] In some embodiments, the engagement ele-
ment comprises a pair of spaced engagement arms ex-
tending generally at right angles from the supporting
arms, each of the engagement arms having a shank hav-
ing at its free end an enlarged section having an inclined
outer surface, the enlarged section, in the installed con-
dition, being adapted to project through the slot, and fur-
ther providing a shoulder adapted to abut the flange of
the injector cup.

[0022] In some embodiments, each of the spaced en-
gagement arms have adjacent the junction with the sup-
porting arms an undercut on their facing edges.

[0023] In some embodiments, the holding component
is a one-piece component formed from a sheet metal
material, or a one-piece component formed of a plastics
material.

[0024] Embodiments in accordance with this disclo-
sure have the advantage of a low-cost solution to the
known problem of accidental displacement of the fuel
injector in the injector cup during manufacture and as-
sembly both because of the reduction in the number of
individual components, the lower cost of production of
the component and the speeding up of assembly. As-
sembly of the fuel injector and injector cup into a sub-
assembly is a simple two stage operation; the holding
component is pushed into place on the injector, the in-
jector is inserted in the injector cup to locate the injector
in the injector cup until the engagement element snaps
into engagement with the injector cup to complete the
sub-assembly.

[0025] A preferred embodiment of the present inven-
tion will now be described by way of example with refer-
ence to the accompanying drawings, in which:-

Figure 1 shows a holding component according to
the invention for securing a fuel injector assembly of
an injector cup and a fuel injector,

Figure 2 shows an assembly of a fuel injector and
an injector cup,

Figure 3 shows a schematic view of the holding com-
ponent positioned in the injector cup,

Figure 4 shows an assembly of a fuel injector and
an injector cup using a comparison holding compo-
nent, and
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Figure 5 shows a schematic view of the comparison
holding component positioned in the injector cup,

[0026] In this description reference is made to upper
and lower ends but this nomenclature is used solely for
descriptive convenience. In the installed condition, the
orientation of the assembly depends upon the particular
configuration.

[0027] Figure 1 shows athree dimensional perspective
view of a holding component 8 for securing together an
injector cup 2 and a fuel injector 4, to form a fuel injector
assembly. For clarity, it will be described in connection
with the assembly illustrated in Figures and 3, whereby
figure 3 shows a cross-section view of the holding ele-
ment positioned in a flange 6 of the injector cup 2.
[0028] Figure 2 shows a side view of a fuel injector cup
2 for receiving a fuel injector 4, the injector cup 2 com-
prising a generally cylindrical body having and axis L .
Atits upper end (not shown) the injector cup 2 is secured,
typically by brazing or welding, to a generally tubular fuel
rail (not shown) in a mechanically secure and hydrauli-
cally fluid tight manner. At its lower end the cup 2 has an
opening for receiving the fuel inlet 10 of the fuel injector
4. The fuel injector inlet 10 engages with the hydraulic
connection to the fuel rail to provide a direct fuel path
between the fuel rail and the fuel injector 4 through the
injector cup 2. The fuel injector 4 is generally cylindrical
and has an axis coaxial with the axis L. The fuel injector
4 has a circumferential groove 12 which is engageable
by the holding component 8, described hereinafter, which
is used to secure and locate the fuel injector positively in
the injector cup 2.

[0029] The injector cup 2 has a radially extending pe-
ripheral flange 6 at its lower end, a slot 14 being formed
in the flange to receive and securely engage an engage-
mentelement 16 of the holding component 8. The holding
component 8 has two generally parallel supporting arms
18 extending from the engagement element 16 which are
adapted to engage opposite sides of agroove 12 on outer
surface of the fuel injector 4. The supportarms 18 extend
substantially perpendicular to the engagement element
16. In the installed positioned, the engagement element
16 extends substantially parallel to the longitudinal axis
L and the support arms 18 extend substantially perpen-
dicularly to the longitudinal axis L. Intermediate their
length, the two supporting arms 18 have arcuate, facing
recesses 19 which serve to engage the groove 12 on the
fuel injector 4. The groove 12 may be annular or two
grooves, one to engage each of the supporting arms 18
may be provided on opposite sides of the fuel injector 4.
[0030] The supporting arms 18 extend into resilient ex-
tensions 20 which have an arcuate section 21 which
curves through substantially 180° to an end section hav-
ing a wave form 22 which has a plurality of peaks 24
extending along the length of the waveform, two in the
example shown. The plurality of peaks 24 engage the
underside of the peripheral flange 6 at two spaced apart
contact points 38. The fuel injector 4 is thus securely in
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contact with the injector cup 2 at four spaced points
around the periphery of the injector cup 2. The supporting
arm 18, arcuate section 21 and resilient extension 20
form a substantial U shape. The free end of the resilient
extension is able to move in directions parallel to the lon-
gitudinal direction providing it with resilience and ena-
bling the resilient extension together with the supporting
arm 19 engaged with the grove 12 to provide an axial
force between the fuel injector 4 and the injector cup 2
so as to secure the fuel injector 4 to the injector cup 2.
[0031] As shown particularly in Figure 1, the holding
component 8 has an engagement element 16 comprising
two spaced engagement arms 26 extending generally
parallel to the axis L and substantially at right angles to
the supporting arms 18. Each engagement arm 26 has
amain shank 28 which culminates in an enlarged section
at its free end having an inclined outer surface 32. The
slope of the inclination of the two surfaces 32 are directed
inwardly towards the other surface 32 to provide a reduc-
ing dimension in the lateral direction towards the outer
ends of the two engagementarms 26. On the outer edges
ofthe engagement arms a shoulder 30 is formed between
the enlarged section and the main shank 28.

[0032] Adjacent the junction of each engagement arm
26 with the supporting arms 18, each inner facing edges
36 of each engagement arm 26 is formed with an under-
cut 34 to facilitate bending of the engagement arms 26
towards each other.

[0033] To assemble the fuel injector 4 to the injector
cup 2, the supporting arms 18 of the holding component
8 are the first inserted in the groove 12 in the fuel injector
4. The fuel injector is then offered up into the injector cup
2 with the engagement arms 26 aligned with the slot 14
in the peripheral flange of the injector cup 2. The inclined
outer surfaces 32 of the arms engage the edges of the
slot 14 and are resiliently deflected inwardly until the en-
larged section passes through the slot and snaps out-
wardly to secure the holding component 8 to the injector
cup 2. The resilient extension 20 together with the sup-
porting arm 18 engaged with the groove 12 provides an
axial force between the fuel injector 4 and the injector
cup 2 and the engagement element 16 provides radial
orientation of the fuel injector 4 with respect to the injector
cup 2.

[0034] Figure 4 illustrates the feature of the present
disclosure that if an accidental lateral force is applied to
the fuel injector 4 in the direction of the arrow A, the dis-
turbing force is transmitted to the injector cup 2 at the
four contact points 38 between the resilient extension 20
and the injector cup 2 and is distributed about the periph-
ery of the injector cup 2. In this way, the fuel injector 4 is
maintained in the correct alignment on the longitudinal
axis L of the injector cup 2 and tilting of the fuel injector
4 about the longitudinal axis L is prevented.

[0035] The holding component 8 may be formed by
shaping or pressing from a resilient sheet metal material,
which may be stainless steel. The holding component 8
may manufactured from a single flat sheet of metal by
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simply folding and shaping the material into the compo-
nent and is particularly advantageous in providing a very
lightweight, cost-effective and speedy solution.

[0036] In an alternative embodiment, it is possible for
the holding component to be formed of a plastics material,
for example moulded plastics material.

[0037] Figures4 and 5illustrate acomparison arrange-
ment in which a holding component 8’ in which similar
parts are designated with the same reference number
and a’ sign. The comparison holding component 8’ has
an engagement element 16’ and two supporting arms
18’, each of which extend via an arcuate section 21’ into
a resilient extension 20'. In the comparison holding com-
ponent 8, the resilient extension 20’ has a single peak
24’ so that the single peak 24’ engages the injector cup
2 at a single position 38'.

[0038] In this arrangement, an accidental lateral force
is applied in the direction of the arrow A can have the
result that the fuel injector 4 pivots or rolls about the con-
tactpoint38’ so that the axis of the fuel injector 4 is pivoted
to lie on the line L". The securing enlarged part of the
engagement element 16’ is lifted clear of the peripheral
flange g of the injector cup 2 which renders the position
of the fuel injector 4 unstable. If the fuel injector 4 were
inserted into the engine in this position, incorrect com-
bustion with reduced performance and increased emis-
sions results. The possibility that this could happen
means that the injector cup/fuel injector subassembly
must be inspected immediately before the fuel injection
system is fitted to the engine, which results in increased
costsand anincrease in the assembly time for the engine.
[0039] To summarise, the one-piece holding element
8 described herein provides three orientation functions:
a retaining function which provides an axial force in the
longitudinal direction L for attaching the fuel injector 4 to
the injector cup 2; an orientation function which prevents
radial movement of both the holding element 8 about the
longitudinal axis L and relative radial movement between
the injector cup 2 and the fuel injector 4, and an anti-
tilting function that is provided by the at least two contact
points 38 between the extension 20 of the supporting
arms of the holding element 8 and the injector cup 2, for
example the lower surface of a flange 6 of the injector
cup 2.

Reference list
[0040]

2 Fuel injector cup

4 Fuel injector

6 Peripheral flange

8 Holding component

8 Comparison holding component
10  Fuel inlet port

12 Groove

14 Slot

16  Engagement element
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18  Supporting arms

19 Recess

20 Resilient extensions
21 Arcuate section

22  Wave form

24  Peak

26  Engagement arm
28 Shank

30  Shoulder

32  Inclined surface
34  Undercut

36 Facing edge

38 Contact points

Claims

1. Afuelinjection assembly comprising an elongate fuel
injector (4) having a fuel inlet port and a fuel outlet
port, an injector cup (2), and a holding component
(8) for securing the fuel injector (4) in the injector cup
),
wherein the injector cup (2) comprises a generally
cylindrical body having a longitudinal axis L, an upper
end adapted to be connected to a fuel rail mechan-
ically and hydraulically, and a lower end, the injector
cup (2) being open at its lower end to receive a fuel
inlet port (10) of the fuel injector (4), wherein a slot
(14) is formed in the peripheral wall of the injector
cup (2) for receiving an engagement element (16) of
the holding component (8),
wherein the holding component (8) further compris-
es two generally parallel supporting arms (18) adapt-
ed to engage opposite sides of the fuel injector (4),
wherein the two supporting arms (18) each have a
resilient extension (20) to resiliently engage the low-
er end of the injector cup (2) on respective opposite
sides of the fuel injector (4), each of the resilient ex-
tensions (20) engaging the injector cup (2) at at least
two spaced points.

2. A fuel injection assembly according to claim 1,
wherein the resilient extensions (20) are each pro-
filed to have a waveform (22) having a plurality of
spaced peaks (24), at least two of peaks (24) engag-
ing the injector cup (2) at at least two spaced points.

3. A fuel injection assembly according to claim 2,
wherein the injector cup (2) has a peripheral flange
(6) at its lower end, and each of the peaks (24) en-
gages with the peripheral flange (6)

4. A fuel injection assembly according to any one of
claims 1 to 3, wherein the injector cup (2) has a pe-
ripheral flange (6) and the slot (14) for the engage-
ment element (16) is formed in the flange (6).

5. A fuel injection assembly according to any one
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claims 1 to 4, wherein the engagement element (16)
comprises a pair of spaced engagement arms (26)
extending generally parallel to the longitudinal axis
L and substantially at right angles from the support-
ing arms (18), each of the engagement arms having
a shank (28) having at its free end an enlarged sec-
tion having an inclined outer surface (32), the en-
larged section, in the installed condition, projecting
through the slot (14), and providing a shoulder (30)
adapted to project through the slot (14) to engage
the flange (6) of the injector cup (2).

A fuel injection assembly according to claim 5,
wherein each of the spaced engagement arms (26)
have adjacent the junction with the supporting arms
(18) an undercut (34) on their facing edges (36)

A fuelinjection assembly according to any one of the
preceding claims, wherein the holding component
(8) is a one-piece component formed from a sheet
metal material.

A fuel injection assembly according to any one of
claims 1 to 6, wherein the holding component (8) is
aone-piece componentformed of a plastics material.

A holding component for a fuel injection assembly
for securing a fuel injector (4) in fuel injector cup (2),
the injector cup (2) comprising a generally cylindrical
body extending along a longitudinal axis L, an upper
end adapted to be connected to a fuel rail mechan-
ically and hydraulically, and a lower end open to re-
ceive a fuel inlet port (10) of the fuel injector (4), a
slot (14) being formed in the peripheral wall of the
injector cup (2)for receiving an engagement element
(16) of the holding component (8),

wherein the holding component (8) further compris-
es two generally parallel supporting arms (18) adapt-
ed to engage opposite sides of the fuel injector (4),
wherein the two supporting arms (18) each have a
resilient extension (20) which, in the installed posi-
tion, are adapted to resiliently engage the lower end
of the injector cup (2) on respective opposite sides
ofthe fuelinjector (4), each of the resilient extensions
being adapted to engage the injector cup (2) at at
least two spaced points.

A holding component according to claim 9, wherein
the resilient extensions (20) are each profiled to have
a waveform (22) having a plurality of spaced peaks
(24), at least two of the peaks (24) engaging the in-
jector cup (2) at at least two spaced points.

A holding component according to claim 10, wherein
the engagement element (16) comprises a pair of
spaced engagement arms (26) extending generally
at right angles from the supporting arms (18), each
of the engagement arms having a shank (28) having
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12.

13.

14.

10

atits free end an enlarged section having an inclined
outer surface (32), the enlarged section, in the in-
stalled condition, being adapted to project through
the slot (14), and further providing a shoulder (30)
adapted to abut the flange (6) of the injector cup (2).

A holding component according to claim 11 wherein
each of the spaced engagement arms (26) have ad-
jacent the junction with the supporting arms (18) an
undercut (34) on their facing edges (36).

A holding component according to any one of the
claims 9-12 wherein the holding component (8) is a
one-piece component formed from a sheet metal
material.

A holding component according to any one of claims
9 to 12, wherein the holding component (8) is a one-
piece component formed of a plastics material.
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