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FUEL RAIL ASSEMBLY FOR AFUEL INJECTION SYSTEM FOR AN INTERNAL COMBUSTION

ENGINE AND METHOD FOR MANUFACTURING A FUEL RAIL ASSEMBLY

(57)  Afuelrail assembly (2) for a fuel injection system
for a multi-cylinder internal combustion engine is provid-
ed. The fuel rail assembly comprising a fuel rail (4) com-
prising an elongate generally tubular body forming a fuel
reservoir and having formed integrally therewith a fuel

inletport (6), and a plurality of fuel outlet ports (12) spaced
along the fuel rail wherein each outlet port (12) comprises
a fuel injector cup (10) adapted to receive a fuel injector.
The fuel injector cup (10) is located on the fuel rail (4) by
means of a connection device (14).
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Description

[0001] The present disclosure relates to a fuel rail as-
sembly for a fuel injection system for an internal combus-
tion engine and particularly but not exclusively to a fuel
rail assembly for incorporation in a gasoline fuel injection
(GDI) system for a multicylinder internal combustion en-
gine.

[0002] A fuel rail comprises an elongate reservoir for
fuel. Fuel is supplied to a fuel inlet of the fuel rail by a
high-pressure fuel pump and fuel outlets for supplying
fuel to a fuel injector for injecting fuel directly into each
cylinder of the engine are spaced along the length of the
fuel rail. The fuel rail is typically a straight tubular fuel rail
element formed of a metal such as stainless steel typi-
cally by forging, deep drawing or milling.

[0003] Further components such as the fuel inlet port,
fuel outlet ports and mounting brackets are typically se-
cured to the tubular element by brazing. An injector cup
may secured to each outlet port, for example by brazing,
the injector cup being adapted to receive a fuel injector
through which fuel is injected into the associated com-
bustion chamber.

[0004] EP 3470660 Adiscloses an example of a meth-
od for producing a brazed joint between components of
a fuel rail. However, further improvements would be de-
sirable.

[0005] Accordingtothe presentdisclosure there is pro-
vided a fuel rail assembly for a fuel injection system for
amulti-cylinder internal combustion engine, having a fuel
rail comprising an elongate generally tubular body form-
ing afuel reservoir and having formed integrally therewith
a fuel inlet port and a plurality of fuel outlet ports spaced
along the fuel rail, wherein each outlet port comprises a
fuel injector cup adapted to receive a fuel injector, the
fuel injector cup being located on the fuel rail by means
of a connection device.

[0006] The connection device is provided as a sepa-
rate part which is used to locate the fuel injector cup on
the fuel rail, in particular to locate the injector cup on the
outlet port. The connection device may be used to form
amechanical connection, for example a resilient connec-
tion, between the fuel injector cup and the outlet port
which is also movable. The connection device may be
used to initially and temporarily locate the fuel injector
cup on the fuel rail before brazing is carried out to per-
manently attach the injector cup to the fuel rail and form
the fuel rail assembly.

[0007] The connection device may be used to provide
a temporary or adjustable connection between the main
gallery and the cup for transportation and handling before
the final brazing process by which the injector cup s firmly
secured to the fuel rail. The connection device may be
used in place of other attachment methods, such as spot
welding, which may be used to weld the injector cup in
position on the fuel rail with a temporary spot weld prior
to the final brazing, but which are not always suitable.
For example, spot welding may be unsuitable if the thick-
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ness of the components being welded is too small or the
relative thickness of the two components is too different,
or the materials are unsuitable for welding. Additionally,
in contrast to a welded connection, the connection device
allows the disassembly and reworking of the two com-
ponents.

[0008] In some embodiments, the fuel injector cup is
integrally incorporated in the outlet port, for example
brazed to the outlet port.

[0009] In some embodiments, the connection device
has a through bore forming part of the fuel passage be-
tween the fuel rail and the injector cup.

[0010] In some embodiments, the connection device
comprises a body having a peripheral flange adapted to
engage the inner face of the injector cup, the body pro-
jecting into the fuel rail in the installed condition. An end
of the body opposite the peripheral flange has a plurality
of resilientfingers biased outwardly into engagementwith
the fuel rail to retain the connection device in resilient
contact with the fuel rail. This connection device can be
considered to have a snap connection with the fuel rail.
[0011] In this way, the fuel injector cup is secured to
the fuel rail for transportation but its precise position rel-
ative to the fuel rail can be adjusted before the final braz-
ing stage without damaging either component.

[0012] The resilient fingers may be in resilient contact
with the inner wall of the outlet port or with the inner wall
of the main gallery formed by the fuel rail.

[0013] In some embodiments, the body of the connec-
tion device is generally cylindrical body. In some embod-
iments, the body of the connection device has a frusto-
conical shape.

[0014] In another embodiment, the connection device
comprises a generally cylindrical body having a periph-
eral flange adapted to engage the inner face of the injec-
tor cup, the generally cylindrical body projecting into the
fuel rail in the installed condition, wherein the end of the
connection device opposite the flange is formed, or per-
manently deformed, to securely engage the inner face
of fuel rail, for example the inner face of the main gallery.
[0015] The connection device is not limited to use with
an injector cup and an outlet port and may also be used
to locate other subcomponents of the fuel rail relative to
one together, for example the inlet port or a sensor and
the fuel rail.

[0016] By the use of this formed coupling device the
two components can be secured together in their final
position for transport to the final brazing station.

[0017] The presentdisclosure also provides a connec-
tion device for a fuel rail assembly for a fuel injection
system for an internal combustion engine for securing
two subcomponents of a fuel rail assembly. In some em-
bodiments, one of said subcomponents comprising a fuel
rail and the other subcomponent having a fuel passage
in fluid communication with the fuel rail.

[0018] The present disclosure also provides a method
of manufacturing a fuel rail assembly for a fuel injection
system for an internal combustion engine for securing
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two sub-components of a fuel rail assembly, one of said
sub-components may comprise a fuel rail and the other
sub-component may have a fuel passage in fluid com-
munication with the fuel rail. The other sub-component
may comprise an injector cup.

[0019] The method comprises providing a connection
device between the two sub-components, locating and
securing the two sub-components with the connection
device to secure the two sub-components relative to each
other, for example in their final operational position, and
then forming a fluid-tight seal for the fuel passage be-
tween the sub-components.

[0020] This method enables the two subcomponents
to be secured together to form an intermediate product
that can be further manufactured at a later stage to join
the two sub-components together, in particular to form a
fluid tight seal between the two sub-components, for ex-
ample by brazing. A joining method such as spotwelding
is not used so that any deformation of one or more of the
sub-components due to this joining technique is avoided.
Thus the method described herein is useful for thin-
walled parts which are more susceptible to deformation
or even melting by spot welding depending on the mate-
rial. The use of an additional separate connection device
also enables the vertical displacement between the two
subcomponents to be controlled and set. This may be
useful in controlling and setting the width of a brazing
seam, for example.

[0021] The fluid tight seal may be formed by a brazing
technique. A brazing ring or brazing paste may be used.
[0022] In some embodiments, the connecting device
is formed of a plastics material, in said further step, the
plastics material melts. In these embodiments, the final
fuel rail assembly including one or more brazed seams
may not include the connection device.

[0023] In some embodiments, the connection device
is made of a material that is thermally stable at the tem-
perature used to from the fluid tight seal, for example
typical brazing temperatures, and is present in the final
fuel rail assembly.

[0024] In some embodiments, one of the sub-compo-
nents comprises a fuel rail and the other sub-component
is an injector cup. In other embodiments, one of the sub-
components comprises an outlet port of the fuel rail and
the other sub-component is an injector cup.

[0025] In some embodiments, the connection device
comprises a through bore forming part of a fuel passage
between the fuel rail and the other subcomponent, for
example the injector cup. The connection device, in par-
ticular the wall of the connection device bounding the
through bore, prevents braze material from entering the
fuel passage. This embodiment enables the diameter of
the through bore and fuel passage to be less than the
diameter of the hole in the fuel rail to which the subcom-
ponentis fitted and joined. This may be useful in providing
mechanical strengthening of the joint between the fuel
rail and the other subcomponent and for providing small-
er diameter fuel passages, since the risk of the smaller
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diameter fuel passage being filled by brazing is reduced
due to the intervening connection device.

[0026] In some embodiments, the connection device
comprises a generally cylindrical body having a periph-
eral flange at a first end and a second end having a plu-
rality of resilient fingers, the second end being opposite
the first end. The connection device is inserted into the
injector cup and into the fuel rail such that the peripheral
flange engages the inner face of the injector cup, the
generally cylindrical body projects into the fuel rail and
the plurality of resilient fingers are biased outwardly into
engagement with the fuel rail to retain the connection
device in resilient contact with the fuel rail. The resilient
fingers may be considered to provide a snap connection
between the connection device and the fuel rail. This em-
bodimentis particularly simple for attaching the subcom-
ponent to the fuel rail.

[0027] In some embodiments, the connection device
comprises a generally cylindrical body having a periph-
eral flange at a first end and a second end opposite the
flange. The connection device is inserted into the injector
cup and into the fuel rail such that the flange engages an
inner face of the injector cup and the generally cylindrical
body projects into the fuel rail in the installed condition.
The second end of the connection device is deformed to
engage the connection device and the injector cup to an
inner face of fuel rail. This embodiment may be useful to
provide a more secure connection since the deformation
of the second end can prevent the connection device
from changing position and even falling out. In some em-
bodiments, in the undeformed state the connection de-
vice is a cone.

[0028] Insomeembodiments,aplurality of slots extend
axially from the second end of the connection device to
form a plurality of peripheral parts disposed about the
periphery of the connection device. These plurality of
parts may be deformable, i.e. resilient to form a snap fit
connection, or permanently deformed, for example, by
using a tool inserted into the through bore from the first
end, to engage with the inner surface of the fuel rail.
[0029] Embodiments of the presentdisclosure will now
be described by way of example with reference to the
accompanying drawings in which:-

Figure 1 discloses a side view and a section-
al view of a connection device locat-
ed between an injector cup and a
fuel rail,

Figure 2a shows an enlarged view of the sec-

tional view of Figure 1,
Figure 2b and 2c  show perspective views of the cou-
pling device of Figure 1,

shows a sectional view of a formed
device by which the injector cup is
secured to the fuel rail,

Figure 3
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Figure 4 shows the connection device par-
tially formed, ready for insertion in
the injector cup up prior to installa-

tion,

shows two views of the connection
device in its deformed shape,

Figure 5

Figure 6 shows an alternative arrangement
of a connection device secured in
position by resilient deformation.

Figure 7 shows an alternative arrangement
of a connection device secured in

position by resilient deformation.

[0030] Referring now to Figure 1 there is shown part
of a fuel rail assembly 2 comprising a fuel rail 4, a fuel
inlet 6 and a fixing bracket 8 by which the fuel rail assem-
bly is secured to an internal combustion engine. Figure
1 shows a side view, a top view and a cross-sectional
view along the line A-A.

[0031] The fuel rail 4 has an outlet passage or port 12
to which an injector cup 10 is connected to provide a fuel
flow passage from the fuel volume in the fuel rail 4 to the
injector cup 10 and hence to a fuel injector (notillustrated)
located in the fuel injector cup 10.

[0032] A connection device 14 is located between the
fuel rail 4 and the injector cup 10 to secure the injector
cup 10 to the fuel rail 4, the connection device 14 having
a through flow bore forming part of the fuel passage
though the outlet port 12.

[0033] The connection device 14 forms a coupling for
securing the injector cup 10 to the fuel rail 4 in its final
position, prior to the transmission of the assembly of the
injector cup 10 and fuel rail 4 to a further workstation for
the injector cup 10 to be brazed to the fuel rail 4 to provide
a fluid tight connection between the fuel rail 4 and the
injector cup 10 that is able to withstand the high pressure
in the fuel rail 4.

[0034] Referring now to Figures 2a, 2b and 2c, there
is shown greater detail of the connection device 14 of
figure 1. The connection device 14 may be formed of
stainless steel and may be formed by a pressing or deep
drawing operation. In some embodiments, the connec-
tion device 14is formed of plastic. The connection device
14 has a body 28 that is generally cylindrical and has a
bore forming part of the fuel flow passage. The connec-
tion device 14 has a flange 18 at a first end of the body
28 and a plurality of fingers 20 at a second opposing end
of the body 28.

[0035] Inoperation, the connection device 14 is insert-
ed in the injector cup 10 until the peripheral flange 18
abuts the inner face of the injector cup 10. At its other
end remote from the flange 18, the connection device 14
has four upstanding resilient fingers 20 equi-distantly dis-
posed about the periphery of the device 14. The fingers
20 are formed to be inclined outwardly as shown in Fig-
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ures 2a and 2b in particular to encompass a diameter
larger than the diameter of the bore 22 in the fuel rail.
When the injector cup 10 is offered up to the fuel rail 4,
the resilient fingers 20 are resiliently moved inwardly as
the connection is pushed through the fuel passage bore
22 in the fuel rail 4. As the fingers 20 enter the fuel rail
at the junction between the fuel bore 22 and the interior
of the fuel rail 4, the resilient bias of the fingers 20 urges
the fingers outwardly towards the inclined position to en-
gage the exit of the fuel bore 22 to thereby ensure that
the injector cup 10 is maintained in position held in con-
tact with the fuel rail 4.

[0036] Referring now to Figure 3 there is shown an
alternative embodiment, where like parts have like refer-
ences, in which the connection device 14 is permanently
deformed when the injector cup 10 is secured to the fuel
rail 4. Figure 3 shows a side view, a top view and a cross-
sectional view along the line A-A.

[0037] As shownin Figure 3, the connection device 14
is agenerally cylindrical body having a through bore form-
ing part of the fuel passage 16. At its first lower end, the
connection device has a peripheral flange 18 which is
adapted to engage the inner face of the injector cup 10
when the device inserted in the injector cup 10. In this
embodiment, the other second end of the connection de-
vice 14 has four slots 26 extending axially to provide four
equidistantly disposed peripheral parts 26.

[0038] When fully inserted, and the injector cup 10 is
offered up to the fuel rail 4, the cylindrical part of the
connection device enters the fuel rail 4 through the fuel
passage bore 22. In this embodiment, in the installed
condition, the four equidistantly disposed peripheral
parts 26 are turned over outwardly to engage the inner
face of the fuel rail 4, as shown in Figure 3, to secure the
injector cup 10 to the fuel rail 4. The peripheral parts 26
are permanently deformed to engage the inner face of
the fuel rail 4.

[0039] As shown in Figure 4, a connection device 14
according to a further embodiment is shown in a partially
formed state with the peripheral flange 18 formed on the
lower end. In this embodiment, the main body 28 of the
connection device 14 is slightly frusto-conical with four
slots 24 extending axially downwardly from its upper sec-
ond free end. Figure 5 illustrates two perspective views
of the connection device 14 in the installed and deformed
position in which the peripheral parts 26 are bent over
outwardly so as to engage the inner surface of the fuel
rail 4. The provision of the slots 24 and the resultant four
peripheral parts 26 greatly facilitates the forming of the
ends of the peripheral parts 26 over onto the inner face
of the rail 4 and their engagement with the inner surface
of the fuel rail 4.

[0040] Figures 6 and 7 show a connection device 14
according to a further embodiment. Figure 6 shows a
side view, a top view and a cross-sectional view along
the line C-C and figure 7 shows an enlarged cross-sec-
tional view and two perspective views of the connection
device 14. In this embodiment, the connection device 14
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has a frustoconical body 28 having a flange 18 at a first
end and a plurality of fingers 20 at the opposing second
end. The fingers 20 are equidistantly spaced about the
smaller end of the frustoconical body 28 and extend out-
wardly such that the connection device 14 has a narrower
portion or waist. In this embodiment, the tips of the fingers
20 engage with the inner face of the fuel rail 4 to provide
a resilient connection between the connection device 14
and the fuel rail 4 and between the injector cup 10 and
the fuelrail 4. The peripheral flange 18 engages the inner
face of the injector cup 10 with the remainder of the con-
nection device passing into the interior of the fuel rail 4.
The fingers 20 are resiliently deformed in a similar man-
ner to the embodiment described with reference to Fig-
ures 1 and 2 so that the fingers 20 of the connection
device 14 engage inner face of the fuel rail 4 to secure
the injector cup 10 and the fuel rail 4 together.

[0041] In this embodiment, the connection device 14
has a through bore 16 which is shaped to influence the
flow of fluid into the injector cup 10 to assist in damping
out oscillations in the flow of fluid into the injector cup.
[0042] The presentdisclosure shows a connection de-
vice for securing two fuel rail sub-components in which
the components are secured together either with a resil-
ient snap action or by a formed device which rigidly se-
cures the two components together. The connection de-
vice may be formed of a metal such as stainless steel or
a plastics material, which can melt away in the final braz-
ing step. When formed of a metal, the connection device
may be formed in stages by means of a pressing or draw-
ing operation in which the body is formed, whereby the
body may have a basic cylindrical profile, and the final
stage of forming the connection is carried out when the
device is assembled to the fuel rail. In a further improve-
ment, the gap between the injector cup and the fuel rail
can be controlled by means of the connection device to
set the best value for an optimal brazing process.
[0043] An advantage of the formed device is that the
positioning of the injector cup relative to the fuel rail can
be accurately controlled prior to transport of the assembly
to the final brazing station. With the use of resilient fin-
gers, it is possible for the injector cup to move slightly
relative to the fuel rail transportation but this adjustment
can be corrected prior to the final brazing step. The use
of resilient fingers has the advantage that should the in-
jector cup, for example, be damaged during transit, it is
relatively easy to remove the cup and the connection
device for repair.

[0044] When the engagement of the two components
is by means of the resilient snap action, the force of en-
gagement can be adjusted by means of the size and
thickness of the resilient fingers similarly, the parts of the
connection device can be changed for example by re-
moving material by means of holes or slots to increase
the elasticity of the component. The profile of the fluid
passage through the connection device can be varied
along its length to control or dampen oscillations in the
fuel pressure.

10

15

20

25

30

35

40

45

50

55

[0045] The fuel rail assembly may comprise the follow-
ing features:

* A coupling between two fuel rail sub-components,
for example a main gallery and injector cup as shown
in the drawings, but also for other components such
as cup adapter for example, with a snapping or
formed device consisting in deformed and cut ele-
ments;

¢ |n case of formed device, the deformation can be in
two steps: the first, before assembling, from a simple
shaped element such as a flat disc with a hole to a
conical element with a flat base with some optional
cuts, as shown in figure 4, and the second, after as-
sembling, from the cone to the final formed shape,
as shown in figure 5;

e The quantity and the dimension of the deformable
elements can be any, depending on the application
and on the force required for the assembly or disas-
sembly;

e The gap between injector cup and main gallery can
be controlled by means of the connection device
heightto setthe bestvalue in orderto have an optimal
brazing process;

e The thickness of the connecting device can vary ac-
cording to the insertion and disassembly force re-
quirements, higher the thickness higher the force;

e Itis possible also to change the behaviour of the
deformable elements by setting a bigger or smaller
bending angle to the deformable part;

e The snapping or formed element can have not only
the aim of keeping together the parts, but also struc-
tural tasks as to assume part of the stress in oper-
ating conditions;

e The central cylindrical part of the connection snap-
ping device can be changed, for example removing
material by means of holes or slots to increase the
elasticity of the component;

* Thesnapping device can contain in the middle a low-
er diameter zone or orifice, including as a conse-
quence the benefit of pressure oscillation reduction;
in case of formed element, the orifice device can be
only added afterwards as a separate part by means
of press-fit or welding for example;

e The snapping and formed devices are represented
in the drawings between two flat surfaces, but the
same concept can be applied in case of curve sur-
face and in case of presence of internal brazing ring
instead of external brazing paste;
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The material of the connecting device can also
change, for example it can be stainless steel con-
tributing to the final structural resistance of the fuel
rail, or can be a plastic material if not needed disap-
pearing in this way during the brazing process;

In case of formed device, there is the possibility to
auto-centre the injector cup hole with respect the
main gallery hole, since during the deformation there
is an outward force applied in the holes cylindrical
surface.

Claims

A fuel rail assembly (2) for a fuel injection system for
a multi-cylinder internal combustion engine, the fuel
rail assembly comprising a fuel rail (4) comprising
an elongate generally tubular body forming a fuel
reservoir and having formed integrally therewith a
fuel inlet port (6), and a plurality of fuel outlet ports
(12) spaced along the fuel rail wherein each outlet
port (12) comprises a fuel injector cup (10) adapted
to receive a fuel injector, characterised in that
the fuel injector cup (10) is located on the fuel rail by
means of a connection device (14).

A fuel rail assembly (2) according to claim 1, wherein
the connection device (14) has a through bore form-
ing part of the fuel passage between the fuel rail (4)
and the injector cup (10).

A fuel rail assembly (2) according to claim 2, wherein
the connection device (14) comprises a generally
cylindrical body having a peripheral flange (18)
adapted to engage the inner face of the injector cup
(10), the generally cylindrical body projecting into the
fuel rail (4) in the installed condition, wherein an end
of the body opposite the peripheral flange (18) com-
prises a plurality of resilient fingers (20) biased out-
wardly into engagement with the passage in the fuel
rail to retain the connection device (14) in resilient
contact with the fuel rail (4).

A fuel rail assembly (2) for a fuel injection system
according to claim 1 or 2, wherein the connection
device (14) comprises a generally cylindrical body
having a peripheral flange (18) adapted to engage
the inner face of the injector cup, the generally cy-
lindrical body projecting into the fuel rail (4) in the
installed condition, wherein an end of the connection
device opposite the flange (18) is formed to securely
engage the inner face of fuel rail (4).

Afuel rail assembly (2) according to claim 4, wherein
the connection device (14) comprises a plurality of
slots (24) extending axially from the end of the con-
nection device (14) to form a plurality of peripheral
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10.

1.

12.

13.

parts (26) disposed about the periphery of the con-
nection device (14).

A fuel rail assembly (2) according any one of claims
1 to 5, wherein the connecting device is formed of a
metal.

A fuel rail assembly (2) according to claim 6 wherein
the metal is stainless steel.

A fuel rail assembly (2) according to any one of
claims 1 to 5, wherein the connecting device is
formed of a plastics material.

A method of manufacturing a fuel rail assembly (2)
for a fuel injection system for an internal combustion
engine for securing two sub-components (4, 10) of
a fuel rail assembly, the method comprising:

providing a connection device (14) between the
two sub-components (4, 10),

locating and securing the two sub-components
(4, 10) with the connection device (14) to secure
the two sub-components (4, 10) relative to each
other in their final operational position, and then
forming a fluid-tight seal for the fuel passage be-
tween the sub-components (4, 10).

A method according to claim 9, wherein, when the
connecting device is formed of a plastics material,
the plastics material melts when forming the fluid-
tight seal.

A method according to claim 9 or claim 10, wherein
the fluid tight seal is formed by a brazing technique.

A method according to claim 11, wherein one of the
sub-components comprises a fuel rail (4) and the
other sub-componentis aninjector cup (10), wherein
the connection device (14) comprises a through bore
forming part of a fuel passage (16) between the fuel
rail (4) and the injector cup (10) and the connection
device (14) prevents braze material from entering
the fuel passage (10).

A method according to any one of claims 9 to 12,
wherein the connection device (14) comprises a gen-
erally cylindrical body having a peripheral flange (18)
at a first end and a second end having a plurality of
resilient fingers (20), the second end being opposite
the first end, wherein the connection device (14) is
inserted into the injector cup and into the fuel rail
such that the peripheral flange engages the inner
face of the injector cup (10), the generally cylindrical
body projects into the fuel rail (4) and the plurality of
resilient fingers are biased outwardly into engage-
ment with the fuel rail to retain the connection device
(14) in resilient contact with the fuel rail (4).
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A method according to any one of claims 9 to 12,
wherein the connection device (14) comprises agen-
erally cylindrical body having a peripheral flange (18)
at a first end and a second end opposite the flange
(18, wherein the connection device (14) is inserted
into the injector cup and into the fuel rail such that
the flange engages an inner face of the injector cup
(10) and the generally cylindrical body projects into
the fuel rail (4) in the installed condition, and the sec-
ond end of the connection device is deformed to se-
curely engage the connection device (14) and the
injector cup to an inner face of fuel rail (4).

A method according to any one of claims 9 to 14,
wherein a plurality of slots (20) extend axially from
the second end of the connection device to form a
plurality of peripheral parts (26) disposed about the
periphery of the connection device (14).
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