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(67)  Afuel rail assembly for an internal combustion
engine has an elongate fuel rail (2) and a plurality of fuel
outlets spaced along the fuel rail (2), the fuel outlets each
having a fuel adapter (6) secured to the fuel rail (2) for
connecting a fuel injector to provide a mechanical and

FUEL RAIL ASSEMBLY, METHOD OF MANUFACTURING A FUEL ADAPTER AND FIXING
BRACKET FOR A FUEL RAIL ASSEMBLY

hydraulic connection to the fuel rail (2). Each adapter (6)
is shaped to provide an exterior face to match a corre-
sponding mating profile surface on the fuel rail (2) by
which surfaces the adapter (6) is secured by brazing to
the fuel rail (2).
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Description

[0001] The present disclosure relates to a fuel rail as-
sembly and a method of manufacturing a fuel adapter
and a fixing bracket for a fuel rail assembly for an internal
combustion engine.

[0002] Fuel railassemblies for internal combustion en-
gines utilising fuel injection are in widespread use, and
comprise a fuel common rail, also known as a gallery,
which forms a reservoir to which the fuel is supplied under
high pressure by a fuel pump. The fuel rail typically com-
prises an elongate body which has a fuel inlet at one end
and a plurality of fuel outlets spaced along the fuel rail
which are connected to the fuel injectors. Typically, in
modern installations a fuel injector is provided for each
cylinder of a multicylinder engine for injecting fuel directly
into the combustion chamber. It is desirable for practical
reasons for the fuel rail to be as close to the cylinder
combustion chambers as possible to enable the passage
of fuel from the fuel rail to the fuel injector to be as short
as possible.

[0003] As a consequence, the fuel rail assembily is lo-
cated in a position in a harsh environment where it is
subjected to high temperatures, high pressures, and vi-
brations. Providing the necessary durability and reliability
for the assembly is therefore a major problem.

[0004] The fuel outlets formed in the wall of the fuel rail
are connected to a fuel injector adapter which is secured
to the fuel rail so as to be in mechanical and hydraulic
connection with a fuel injector. Typically, the fuel injector
is connected to the adapter through a fuel injector cup
into which an inlet port of the fuel injector is inserted. The
fuel injector cups may be connected directly to the fuel
rail or via pipe elements.

[0005] The fuel injector adapters may be secured to
the fuel rail by a bonding technique such as brazing and
this bonding is subject to the considerable pressures
which exist in the fuel rail which can be 200 bar or even
more. The bonded connection is therefore a potential
source of leakages and consequent failure.

[0006] The present disclosure seeks to provide a so-
lution which mitigates the possibility of leakages and fail-
ure occurring.

[0007] Accordingtothe presentdisclosure there is pro-
vided a fuel rail assembly for an internal combustion en-
gine, comprising an elongate fuel rail having a fuel inlet,
and a plurality of fuel outlets spaced along the fuel rail.
The fuel outlets are adapted to be in hydraulic commu-
nication with a fuel injector by which fuel is injected into
the engine. In other words, the fuel outlets are shaped
and arranged to provide a fluidic connection from the fuel
rail to the fuel injector.

[0008] The fuel outlets each have a fuel adapter se-
cured to the fuel rail for connection to a fuel injector, the
fuel adapter providing a mechanical and hydraulic con-
nection to the fuel rail, each fuel adapter having a surface
by which surface the fuel adapter is secured by brazing
to the fuel rail.
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[0009] Inthe presentcontext, that"the fuel adapter pro-
vides a mechanical connection to the fuel rail" means in
particular that the fuel adapter is in direct mechanical
contact with the fuel rail. That "the fuel adapter provides
a hydraulic connection to the fuel rail" means in particular
that the fuel adapter is in fluidic connection to the fuel rail
so that fluid can flow from the fuel rail into - and in par-
ticular through - the fuel adapter.

[0010] Said surface of the fuel adapter may, in some
embodiments, be shaped to provide an exterior face to
match a profile surface on the fuel rail. For example, the
fuel adapter has a tubular shape with a curved external
circumferential surface comprising the exterior face, the
curvature of the exterior face being smaller than the cur-
vature of surface sections following the exterior face in
both circumferential directions. In one development, the
circumferential surface is in the shape of an elliptical cyl-
inder, the semi-major axis of which is parallel to an elon-
gation direction of the fuel rail and the semi-minor axis
of which is perpendicular to the elongation direction of
the fuel rail. In another development, the fuel adapter has
a cylindrical shape with a flattening representing the ex-
terior face. The flattening may extend along the entire
length of the fuel adapter in direction of its cylinder axis
in one embodiment.

[0011] The fuel adapter may have an elongate shape
with a first axis or length that is longer than a second axis
or length. For example, the fuel adapter may have a sub-
stantially elliptical form or rectangular form when viewed
from above. The expression "viewed from above" is in
particular understood to indicate a top view along an in-
stallation direction in which the fuel injector is insertable
into the fuel adapter or into a fuel injector cup which may
be fixed to (or in one piece with) the fuel adapter. The
installation may expediently be perpendicular to an elon-
gation direction of the fuel rail. Either the longer axis or
length or the shorter axis or length may include the ex-
terior face which is secured to the fuel rail. The exterior
face and the fuel adapter may be secured to the fuel rail
by brazing such that the fuel rail assembly comprises a
brazed joint at the interface between the exterior face of
the fuel adapter and the profile surface of the fuel rail.
[0012] Since the exterior face of the fuel adapter has
a surface shaped to match the profile surface on the fuel
rail, a brazed joint with a more uniform thickness than e.
g. with a circular cylindrical fuel adapter can be formed
between this exterior face of the fuel adapter and the
profile surface on the fuel rail. A brazed joint with a more
uniform thickness may be used to improve the reliability
of the brazed joint.

[0013] The fuelrailassembly may further comprise one
or more fixing brackets for securing the fuel rail assembly
to an engine. The or each bracket may have a surface
shaped to provide an exterior face shaped to match a
profile surface on the fuel rail by which the fixing bracket
is secured by brazing to the fuel rail. For example, as
detailed above in connection with the fuel adapter, the
fixing bracket may have a tubular shape with a curved
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external circumferential surface comprising the exterior
face, the curvature of the exterior face being smaller than
the curvature of surface sections following the exterior
face in both circumferential directions. The shape of the
exterior face and the profile surface of the fuel rail may
be used to increase the area of the interface between
the fixing bracket and the fuel rail and increase the area
of the brazed joint formed between the two parts. In some
embodiments, the fixing bracket is integrally formed with
a fuel adapter, wherein the fuel adapter may be a fuel
adapter according to one of the embodiments, develop-
ments and examples described above.

[0014] Preferably, the or each adapter incorporates a
fuelinjector cup forreceiving aninlet port of afuel injector.
For example, the tubular shape of the fuel adapter has
a closed axial end and an open axial end, the fuel injector
cup being fluid-tightly fixed to the open axial end.
[0015] Preferably the adapter is formed with said ex-
terior face by deformation of the material of the adapter
or, alternatively, the exterior face may be machined in
the adapter.

[0016] Inone embodiment,the adapteris provided with
an elliptical profile in which said face is formed, the ellip-
tical profile abutting the fuel rail.

[0017] For example, the adapter may be provided with
a surface in the shape of a portion of the circumferential
surface of an elliptic cylinder which represents or com-
prises said exterior face. In this and other embodiments,
the profile surface of the fuel rail may be a cylindrical
circumferential surface, in particular of a circular or elliptic
cylindrical shape. Expediently, the cylinder axes of said
circumferential surface and of the adapter and of the pro-
file surface may be mutually perpendicular and in partic-
ular skew.

[0018] This arrangement has the advantage that a par-
ticularly large surface area is provided between the fuel
rail and the adapter which increases the bonding area
between the two components. This increases the
strength of the bonding between the components.
[0019] The disclosure may also be adapted to secure
a mounting bracket or brackets to the fuel rail by which
the fuel rail is secured to the engine in the installed con-
dition. Each bracket is shaped to provide an exterior face
shaped to match a mating profile surface on the fuel rail
by which surface the bracket is secured by a bonding
technique such as brazing to the fuel rail. In a preferred
embodiment, the bracket is formed with the said exterior
face by mechanical deformation of the material of the
bracket. In an alternative construction, the exterior face
is formed by machining into the material of the bracket
[0020] In a preferred embodiment, the fixing bracket is
formed by deforming a circular cylindrical member, such
as a tube, into a generally elliptical cylindrical shape hav-
ing said exterior face in the elliptical face. In this way, a
greater surface area is formed in the mating surfaces
between the two components which greatly increases
the bonding area available to strengthen the bond be-
tween the two components.
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[0021] The bracket may be forged or machined from a
solid material or may be formed from a sheet metal ma-
terial. The precise technique used will vary with the en-
vironmental conditions of the intended application.
[0022] A method of manufacturing a fuel adapter for a
fuel rail assembly for an internal combustion engine is
also provided. The fuel rail assembly and fuel adapter
may include the features of any one of the embodiments
described above. In the method, the fuel adapter is
shaped to provide an exterior face shaped to match a
profile surface on the fuel rail by which surfaces the fuel
adapter is secured by brazing to the fuel rail.

[0023] In particular the method may comprise the fol-
lowing steps:

- shaping the fuel adapter to provide an exterior face
shaped to match a profile surface on the fuel rail and

- securing said surface of the fuel adapter to the profile
surface of the fuel rail by brazing.

[0024] The method may further comprise a step of pro-
viding a fuel adapter which is in particular in the basic
shape of a circular cylindrical tubular body. This step in
particular precedes the step of shaping the fuel adapter.
[0025] The fuel adapter may be deformed to provide
the exterior face shaped to match the profile surface on
the fuel rail. In some embodiments, the fuel adapter may
be deformed to have an elliptical surface forming said
exterior face. The exterior face of the fuel adapter is
formed by deformation of the material of the adapter
and/or by machining the material of the adapter.

[0026] A method of manufacturing a fixing bracket for
a fuel rail assembly for an internal combustion engine is
also provided. The fuel rail assembly and/or the fixing
bracket may include the features of any one of the em-
bodiments described above. The fixing bracket is shaped
to provide an exterior face shaped to match a profile sur-
face on the fuel rail by which surfaces the fixing bracket
is secured by brazing to the fuel rail.

[0027] In particular the method may comprise the fol-
lowing steps:

- shaping the fixing bracket to provide an exterior face
shaped to match a profile surface on the fuel rail and

- securing said surface of the fixing bracket to the pro-
file surface of the fuel rail by brazing.

[0028] The method may further comprise a step of pro-
viding a fixing bracket which is in particular in the basic
shape of a circular cylindrical tubular body. This step in
particular precedes the step of shaping the fuel adapter.
The tubular body of the fixing bracket is preferably open
at both axial ends in this and other embodiments.

[0029] The fixing bracket may be deformed to form the
exterior face shaped to match a profile surface on the
fuel rail. The fixing bracket may be deformed to have an
elliptical surface forming said exterior face. The exterior
face of the fixing bracket may be formed by deformation
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of the material of the fixing bracket and/or by machining
the material of the fixing bracket.

[0030] A method of manufacturing a fuel rail assembly
for an internal combustion engine is also provided. The
fuel rail assembly for an internal combustion engine com-
prises a fuel rail which is elongate and has a fuel inlet
and a plurality of fuel outlets spaced along the fuel rail,
the fuel outlets being adapted to be in hydraulic commu-
nication with a fuel injector by which fuel is injected into
the engine. A fuel adapter is provided for each of the fuel
outlets and is secured to the fuel rail for connection to a
fuelinjector, the fuel adapter providing a mechanical and
hydraulic connection to the fuel rail. The fuel adapter
comprises a surface shaped to provide an exterior face
to match a profile surface on a fuel rail of a fuel rail as-
sembly is provided. The exterior face of the fuel adapter
is aligned with the profile surface of the fuel rail and the
exterior face of the fuel adapter is secured by brazing to
the fuel rail.

[0031] In an embodiment, one or more fixing brackets
for securing the fuel rail assembly to an engine are pro-
vided. The or each bracket comprises a surface shaped
to provide an exterior face shaped to match a profile sur-
face on the fuel rail. The exterior face of the fixing bracket
is aligned with the profile surface of the fuel rail and se-
cured by brazing to the fuel rail.

[0032] A brazing material may be applied to one or
both of the exterior face and the profile surface and heat
treated above its liquidus temperature to melt the braze
material. Upon cooling a brazed joint is formed between
the exterior face and the profile surface to secure the fuel
adapter and/or fixing bracket to the fuel rail.

[0033] Preferred embodiments will now be described
by way of example, with reference to the accompanying
drawings, in which:-

Figure 1 illustrates a fuel rail to which a fixing bracket
is secured together with a fuel adapter for a
fuel injector,

Figure 2 illustrates an arrangement in which a fixing
bracket is formed by deforming a cylindrical
tubular element into an elliptical cross-sec-
tion with a bore therethrough for a mounting
bolt by which the bracket is secured to an
engine,

Figure 3 illustrates an adapter for receiving a fuel in-
jector which is secured to the fuel rail and
incorporates two bores through which
mounting bolts can pass to secure the fuel
adapter to an engine, and

Figure 4 illustrates an alternative fuel adapter shaped
by deformation to be secured to the fuel rail
and to have a single bore through which the
fuel adapter can be fastened to an engine.
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[0034] Referring now to Figure 1, there is shown a fuel
rail 2 for a fuel injection system for a multi-cylinder internal
combustion engine. The fuel rail 2 comprises an elongate
substantially tubular member forming a reservoir for fuel.
The fuel rail 2 has a fuel inlet 4 connected to a fuel pump
(not shown) which pumps fuel at high pressure into the
reservoir in the fuel rail 2. The fuel rail 2 has a plurality
of fuel outlets spaced along the fuel rail 2 to each of which
a fuel adapter 6 is secured. For the purposes of illustra-
tion, only one such adapter 6 is illustrated. The fuel adapt-
er 6 incorporates a fuel passage through which fuel can
be supplied to a fuel injector cup 8 which accommodates
a fuel inlet of a fuel injector (not shown) . The fuel outlets
of the fuel rail 2 are thus each operable to establish a
hydraulic - in particular in fluidic - communication with a
fuel injector by which fuel is injected into the engine. The
fuel injector may inject fuel into the inlet manifold of the
engine but preferably the fuel is injected directly into the
combustion chamber of the engine.

[0035] The fuel adapter 6 and its connection to the fuel
rail 2 is subjected to severe operating conditions of high
temperature, high internal pressure and vibration from
the engine. The fuel adapter 6 is bonded to the fuel rail
2typically by brazing. A brazing paste may be used which
is coated onto the mating surfaces prior to baking in a
furnace which completes the brazing step. In order to
provide an increased surface area for the mating surfac-
es, the part of the fuel adapter 6 containing the mating
surface is deformed to match as closely as practical the
surface of the fuel rail 2 to which the fuel adapter 6 is
brazed. The deformation of the fuel adapter 6 is formed
by physical deformation of the material of the adapter 6
by a pressing, rolling, extruding, profile rolling, forging or
stamping step. In a further embodiment, the shape of the
fuel adapter 6 is formed by machining the appropriate
shape in the body of the fuel adapter 6. A combination
of physical deformation by pressing, rolling, extruding,
profile rolling, forging or stamping and machining may
also be used.

[0036] Figure 1 also illustrates a fixing bracket 10 by
which the fuel rail 2 is secured to the engine. A plurality
of such fixing brackets is provided spaced along the fuel
rail 2 but only one is shown for the purpose of illustration.
As also illustrated in the embodiment shown in Figure 2,
the fixing bracket 10 is formed from a tubular bar material
and is deformed into an elliptical shape on its outer sur-
face to provide a mating surface adapted to cooperate
with a mating surface on the fuel rail 2. In this way, the
fixing bracket 10 is able to be brazed to the fuel rail 2 in
the same manner as the fuel adapter 6. The fixing bracket
10 is provided with a cylindrical through bore 12 for re-
ceiving a bolt (not shown) by which the fixing bracket 10
and hence the fuel rail 2 is secured to the engine.
[0037] Both, the fuel adapter 6 and the fixing bracket
10 are in the shape of elliptical cylindrical tubular bodies.
The fixing bracket is open at both axial ends with respect
to its cylinder axis. The fuel adapter 6 is closed at the
axial end remote from the fuel injector cup 8 but has a
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radial bore (not visible in the figures) opening out into the
fuel rail 2 for fluidly connecting the injector cup 8 to the
fuel rail 2. Both elliptical cylindrical tubular bodies have
their semi-major axes parallel to the elongation direction
of the fuel rail and their semi-minor axes as well as their
cylinder axes perpendicular to the elongation direction
of the fuel rail 2.

[0038] The fueladapter6 and the fixing bracket 10 may
also be brazed together to provide increased rigidity as
shown in Figure 1, but in some embodiments they may
be spaced apart.

[0039] In an alternative embodiment, illustrated in Fig-
ure 3, the function of the fuel adapter and the fixing brack-
et are formed in one component, a mounting adapter 14.
In this embodiment, the mounting adapter 14 is a more
substantial body and is deformed into an elliptical shape
adapted to mate with a corresponding mating surface on
the fuel rail 2 through which the mounting adapter 14 is
brazed to the fuel rail. As in the embodiment illustrated
in Figure 1, the adapter incorporates a fuel injector cup
8. The elliptical body of the mounting adapter has two
spaced through bores by which the mounting adapter 14
and hence the fuel rail 2 can be secured to the engine.

[0040] Figure 4 illustrates a further embodiment of a
combined mounting adapter and fixing bracket in which
the combination adapter 18 has a deformed body pro-
vided with a surface adapted to mate with the fuel rail 2
and is provided with a single through bore 20 by which
the adapter 18 and hence the fuel rail 2 can be secured
to the engine. In a similar manner to the embodiment
illustrated in Figure 3 the combination adapter 18 incor-
porates a fuel injector 8 for receiving the inlet of a fuel
injector.

[0041] The precise size and shape of the deformed
parts which provide the mating surfaces can vary de-
pending upon the installation requirements in terms of
robustness and also the space available for locating the
fuel injector assembly in the engine environment. Al-
though the fixing through-bores are described as cylin-
drical, it is possible in certain circumstances that these
holes could be elliptical as part of the deformation proc-
ess and in such a case the space between the elliptical
parts of the holes and the securing bolt can be used to
accommodate any slight misalignment in the assembly
stage. It is possible for the fixing bracket to be formed
by, for example, forging or by being machined from solid
but it may also be a sheet metal component formed by
pressing or stamping or similar known technique. The
robustness and hence the construction required of the
components will be determined by the particular instal-
lation. The fuel adapter and/or the fixing bracket are pref-
erably secured by brazing butitis possible other bonding
techniques may be used and the term brazing is intended
to encompass such alternative techniques.
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Claims

1. A fuel rail assembly for an internal combustion en-
gine, comprising an elongate fuel rail (2) having a
fuel inlet (4), and a plurality of fuel outlets spaced
along the fuel rail, the fuel outlets being adapted to
be in hydraulic communication with a fuel injector by
which fuel is injected into the engine, the fuel outlets
each having a fuel adapter (6) secured to the fuel
rail (2) for connection to a fuel injector, the fuel adapt-
er (6) providing a mechanical and hydraulic connec-
tion to the fuel rail (2), each fuel adapter (6) having
asurface shaped to provide an exterior face to match
a profile surface on the fuel rail (2) by which face the
fuel adapter (6) is secured by brazing to the fuel rail.

2. A fuel rail assembly according to claim 1, the fuel
adapter (6) has a tubular shape with a curved exter-
nal circumferential surface comprising the exterior
face, the curvature of the exterior face being smaller
than the curvature of surface sections following the
exterior face in both circumferential directions.

3. Afuel rail assembly according to any one of the pre-
ceding claims, wherein said surface of the fuel adapt-
er (6) providing said exterior face is in the shape of
a portion of the circumferential surface of an elliptic
cylinder and said profile surface of the fuel rail is a
cylindrical circumferential surface, the cylinder axes
of said circumferential surface and of said profile sur-
face being mutually perpendicular.

4. Afuelrail assembly according to any one of the pre-
ceding claims, further comprising a one or more fix-
ing brackets (10) for securing the fuel rail assembly
to an engine, the or each bracket (10) having a sur-
face shaped to provide an exterior face shaped to
match a profile surface on the fuel rail (2) by which
the fixing bracket (10) is secured by brazing to the
fuel rail (2).

5. Afuelrailassembly according to the preceding claim,
wherein the fixing bracket (10) is integrally formed
with the fuel adapter (6).

6. A fuel rail assembly according to any one of the pre-
ceding claims, wherein the fuel adapter (6) incorpo-
rates a fuel injector cup (8) adapted to receive an
inlet port of a fuel injector.

7. Afuel injector assembly according to any one of the
preceding claims, wherein the exterior face (s) of the
fuel adapter (6) and/or the fixing bracket (10) are
formed by deformation of the material of the adapter
(6) and/or bracket (10).

8. A fuel injector assembly according to any one of
claims 1 to 6, wherein the exterior face(s) are formed
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by machining.

A fuel injector assembly according to any one of the
preceding claims, wherein the fuel adapter (6) has
an elliptical profile in cross section said exterior face
is formed in the elliptical surface.

A fuel injector assembly according to the preceding
claim, wherein two through bores are formed in the
elliptical profile through which bolts can pass to se-
cure the fuel adapter (6) to an engine.

A fixing bracket for mounting a fuel rail assembly to
aninternal combustion engine, the fuel rail assembly
comprising an elongate fuel rail (2) having a fuel inlet
(4), and a plurality of fuel outlets spaced along the
fuel rail (2), the fuel outlets each being adapted to
be in hydraulic communication with a fuel injector by
which fuelis injected into the engine, the fixing brack-
et (10) having a surface shaped to provide an exterior
face to match a profile surface on the fuel rail (2) by
which face the bracket is secured by brazing to the
fuel rail (2).

A method of manufacturing a fuel adapter for a fuel
rail assembly for an internal combustion engine as
claimed in any one of the preceding claims 1 to 10,
comprising the following steps:

- deforming the fuel adapter (6) to provide an
exterior face shaped to match a profile surface
on the fuel rail (2)

- securing said face of the fuel adapter (6) by
brazing to the profile surface of the fuel rail (2).

A method of manufacturing a fixing bracket for a fuel
rail assembly for an internal combustion engine as
claimed in claim 4 or 11 or in any one of claims 5 to
10 in direct or indirect dependence on claim 4, com-
prising the following steps:

- deforming the fixing bracket (10) to provide an
exterior face shaped to match a profile surface
on the fuel rail (2)

- securing said surface of the fixing bracket (10)
by brazing to the profile surface of the fuel rail (2).

A method of manufacturing according to claim 12 or
13, wherein the fuel adapter (6) or the fixing bracket,
respectively, is deformed to have an elliptical surface
forming said exterior face.

A method of manufacturing according to any one of
claims 12 to 14, wherein the exterior face of the fuel
adapter (6) or the fixing bracket, respectively, is
formed by deformation and/or by machining of the
material of the adapter (6) or the fixing bracket (10),
respectively.
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