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(54) FUEL RAIL AND FUEL RAIL ASSEMBLY

(57) A fuel rail (10) and a fuel rail assembly (1) com-
prising the fuel rail (10) are disclosed. The fuel rail as-
sembly (1) comprises the fuel rail (10) and a plurality of
adapter pieces (20) for hydraulically connecting fuel in-
jectors (60) to the fuel rail (10). The adapter pieces (20)
are brazed and/or welded to the fuel rail (10). The fuel
rail (10) comprises a one-pieced, integrally formed tube
(100) having a plurality of openings (120), each opening
(120) perforating a circumferential sidewall (110) of the

tube (100) and being configured for hydraulically coupling
the fuel rail (10) to one of the adapter pieces (20). An
external circumferential surface (112) of the sidewall
(110) comprises a plurality of planar surface regions
(114), each planar surface region (114) extending com-
pletely circumferentially around one of the openings
(120) and being configured for being in a fullarea contact
with the respective adapter piece (20).
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Description

[0001] The present disclosure relates to a fuel rail and
to a fuel rail assembly.
[0002] A fuel rail assembly is known, for example, from
EP 2466111 B1.
[0003] It is an object of the present disclosure to specify
an improved fuel rail and fuel rail assembly. This object
is achieved by a fuel rail and a fuel rail assembly having
the features of the independent claims. Advantageous
embodiments and developments of the fuel rail and the
fuel rail assembly are specified in the dependent claims,
in the following description and in the drawings.
[0004] A fuel rail for a fuel rail assembly is disclosed
according to one aspect of the present disclosure. Ac-
cording to another aspect, a fuel rail assembly comprising
the fuel rail and a plurality of adapter pieces for hydrau-
lically connecting fuel injectors to the fuel rail is disclosed.
Preferably, the adapter pieces are brazed and/or welded
to the fuel rail. The fuel rail assembly is preferably pro-
vided for leading fuel from a high pressure pump to the
fuel injectors, the fuel injectors being in particular provid-
ed for injecting the fuel into one or more intake manifolds
or, preferably, directly into the combustion chambers of
an internal combustion engine.
[0005] The fuel rail comprises a one-pieced, integrally
formed tube. The tube is preferably a metal tube, e.g. a
stainless steel tube. That the tube is a "one-pieced, in-
tegrally formed" tube means in particular that the tube is
manufactured from a single workpiece and not assem-
bled from a plurality of parts to form the tube. In particular,
the tube is a seamless metal tube. Preferably, the tube
is elongated along a longitudinal axis. It may have a cy-
lindrical - preferably a circular cylindrical - basic shape,
in particular with the longitudinal axis as a center axis.
[0006] Expediently, the tube may be closed at one lon-
gitudinal end with an end plug of the fuel rail. At the other
longitudinal end, a fuel inlet port of the fuel rail may be
fixed to the tube. In one embodiment, the fuel rail com-
prises brackets for fixing the fuel rail with respect to an
engine, for example with respect to a cylinder head of
the engine. The brackets are fixed to the tube in one
embodiment.
[0007] The tube has a circumferential sidewall and a
plurality of openings, each opening perforating the cir-
cumferential sidewall of the tube. The openings are con-
figured for hydraulically coupling the fuel rail to one of
the adapter pieces. In other words, each opening repre-
sents a fuel outlet bore through the sidewall for feeding
fuel from an interior of the fuel rail through the bore and
the adapter piece to the fuel injector.
[0008] In one embodiment, each adapter piece is hy-
draulically connected to the fuel rail via an inlet opening
at an upstream end of the adapter piece. In a preferred
embodiment, the adapter pieces are fuel injector cups
which are each configured for receiving an inlet end of
one of the fuel injectors. Expediently, the fuel injector
may be inserted into the respective adapter piece through

an insertion opening at a downstream end of the adapter
piece. It is also conceivable, that the adapter pieces rep-
resent fuel outlet ports to which the fuel injectors are hy-
draulically coupleable via respective injector cups and
pipes, each pipe bridging a distance between the respec-
tive outlet port and the corresponding injector cup.
[0009] An external circumferential surface of the side-
wall comprises a plurality of planar surface regions. Each
planar surface region extends completely circumferen-
tially around one of the openings and is preferably con-
figured for being in a full-area contact with the respective
adapter piece.
[0010] In one embodiment of the fuel rail assembly,
each adapter piece has a generally ring-shaped flat con-
nection surface which is in mechanical contact - in par-
ticular in full-area contact - with a respective one of the
planar surface regions of the sidewall so that it circum-
ferentially surrounds a respective one of the openings.
The connection surface in particular extends completely
circumferentially around the inlet opening of the adapter
piece. In one embodiment, the flat connection surface
delimits the adapter piece in upstream direction, i.e. the
adapter piece has in particular no portion which protrudes
beyond the flat connection surface towards or into the
tube. Preferably, the fuel rail assembly comprises brazed
seams and/or weld seams at the interfaces between the
respective flat connection surfaces and planar surface
regions.
[0011] With advantage, the fuel rail and the adapter
piece both may have planar connection surfaces by
means of which the adapter piece and the fuel rail abut
one another. Therefore, a particular precise and easy
joining is possible. The adapter piece may be laterally
movable relative to the opening in the sidewall of the fuel
rail, so that tolerances may be recoverable particularly
well and/or over a particularly large range. Due to the
surface region extending completely circumferentially
around the opening, tolerances may be recoverable in
all radial directions with respect to the central axis. Due
to the advantageous shape of the interface between the
tube and the adapter pieces, the risk of producing untight
connections on manufacturing the fuel rail assembly may
be particularly small so that scrap costs may be particu-
larly low. At the same time, the tube of the fuel rail being
a one pieced, integrally formed part, is particularly robust
and well usable for particularly high fuel pressures.
[0012] In one embodiment, at least one of the openings
has a central axis which is skew with respect to the lon-
gitudinal axis. For example, the central axis of the open-
ing and the longitudinal axis are perpendicular and the
central axis of the opening is radially offset with respect
to the longitudinal axis.
[0013] In one development, at least one of the planar
surface regions is positioned non-mirrorsymmetrically
with respect to the longitudinal axis in top view along the
respective central axis. For example, the planar surface
region is rotationally symmetric with respect to the central
axis of the corresponding opening, the central axis being
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radially offset from the longitudinal axis.
[0014] With advantage, the fuel rail and the fuel rail
assembly according to the present disclosure may have
a particularly small number of parts while, at the same
time, allowing the previously described positioning with
skew axes. In conventional fuel rails, radial offset is often
achieved with additional parts between the fuel rail and
an injector cup, introducing additional tolerances and
complexity, costly additional manufacturing steps for
placing and fixing parts with and additional, potentially
untight joints.
[0015] In one embodiment the sidewall has a plurality
of bulges, each bulge comprising one of the openings
and the corresponding planar surface region. In particu-
lar, the general circular cylindrical basic shape of the tube
is modified by the bulges. Expediently, the cross-section-
al area of the tube may be increased in the region of the
bulges.
[0016] Preferably, on the side opposite of the respec-
tive planar surface region, the bulges comprise a con-
vexly curved external surface of the sidewall of the tube.
In one development, the bulges - in top view along the
central axis of one of the openings - modify the cylindrical
basic shape of the tube on that side of the longitudinal
axis on which the central axis is positioned, and in one
further development not on the other side.
[0017] In one embodiment, the sidewall of the tube has
a generally oval cross-section in the region of the bulges
and in particular a circular cross-section in a region be-
tween each two adjacent bulges. In one development,
the geometric center of gravity of at least one of the bulg-
es is offset from the longitudinal axis of the tube in direc-
tion towards said skew central axis of the opening com-
prised by the respective bulge or the geometric center of
gravity is positioned on said skew central axis.
[0018] By means of such bulges, the planar surface
regions and/or a radial offset of the central axes of the
openings is particularly easily achievable. At the same
time, the tube may remain particularly stable so that a
particularly high pressure resistance of the fuel rail is
achievable.
[0019] According to one aspect of the present disclo-
sure, a method for manufacturing the fuel rail is disclosed.
In one embodiment, the method comprises manufactur-
ing of the bulges by means of a hydroforming process.
Alternatively or additionally, it comprises manufacturing
of the planar surface regions by stamping.
[0020] Further advantages, advantageous embodi-
ments and developments of the fuel rail, the fuel rail as-
sembly and the method will become apparent from the
exemplary embodiments which are described below in
association with schematic figures.
[0021] In the figures:

Figure 1 shows a schematic perspective view of a
fuel rail assembly according to a first exemplary em-
bodiment,

Figure 2 shows a first schematic cross-sectional view
of the fuel rail assembly of figure 1,

Figure 3 shows a second schematic cross-sectional
view of the fuel rail assembly of figure 1,

Figure 4 shows a schematic cross-sectional view of
a portion of a fuel rail assembly according to a second
exemplary embodiment, and

Figure 5 shows a schematic top view of a portion of
the fuel rail of the second exemplary embodiment.

[0022] In the exemplary embodiments and figures,
similar, identical or similarly acting elements are provided
with the same reference symbols. In some figures, indi-
vidual reference symbols may be omitted to improve the
clarity of the figures. The figures are not regarded to be
true to scale. Rather, individual elements in the figures
may be exaggerated in size for better representability
and/or better understanding.
[0023] Figure 1 shows a schematic cross-sectional
view of a fuel rail assembly 1 according to a first exem-
plary embodiment of the invention. Figures 2 and 3 show
schematic cross-sectional views of the fuel rail assembly
1 in planes perpendicular to the longitudinal axis L and
comprising the lines 2-2 and 3-3, respectively. The fuel
rail assembly 1 may in particular be configured for deliv-
ering fuel to an internal combustion engine (not shown
in the figures).
[0024] The fuel rail assembly 1 comprises a fuel rail 10
which comprises a tube 100. The tube 100 is elongated
along the longitudinal axis L and has a generally circular
cylindrical basic shape, the longitudinal axis L represent-
ing a center axis of the cylindrical basic shape. In partic-
ular, the geometric centers of gravity of the longitudinal
end surfaces of the tube 100 may preferably be posi-
tioned on the longitudinal axis L. The tube 100 is a one-
pieced, integrally formed metal tube. For example, it is a
seamless steel tube, for example manufactured by ex-
trusion, piercing or gun drilling.
[0025] The fuel rail 10 may further comprise at least
one element of the group consisting of a fuel inlet port,
an end plug, a sensor port, at least one bracket for fixing
the fuel rail to a cylinder head of the engine (none of these
elements are shown in the figures).
[0026] The cylindrical basic shape of the tube 100 is
modified by a plurality of bulges 140. Each of the bulges
114 comprises a planar surface region 114 of the external
surface 112 of the sidewall 110 of the tube 100 and an
opening 120 which perforates the sidewall 110 and is
completely circumferentially surrounded by the planar
surface region 114 in top view along a central axis A of
the opening 120.
[0027] While the tube 100, in particular its sidewall 110,
has a circular cross section C in regions where the basic
circular cylindrical shape is not modified by the bulges
140, the cross-sectional shape is modified so that it has
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an oval shape 0 with an increased area content in the
region of the bulges 140. This is best visible in figure 3,
where also the unmodified circular cross-section C is vis-
ible behind the bulge 140.
[0028] A geometric center of gravity G of each of the
bulges 140 is radially offset with respect to the longitudi-
nal axis L in a direction D towards the central axis A of
the opening 120 which is comprised by the respective
bulge 140. The central axis A of the opening 120 is per-
pendicular to the longitudinal axis L and offset with re-
spect to the longitudinal axis L the direction D so that the
central axis A and to the longitudinal axis L do not inter-
sect and are not parallel, i.e. they are skew with respect
to one another. In particular, the geometric center of grav-
ity G of the bulge 140 is positioned on the central axis A
of the corresponding opening 120.
[0029] Due to the central axis A being offset with re-
spect to the longitudinal axis L in the direction D, the
planar surface region 114 - which surrounds the opening
120 in rotationally symmetric fashion with respect to the
central axis A - is arranged non-mirrorsymmetrically with
respect to the longitudinal axis L in top view along the
central axis A. Rather, also the planar surface region 114
is radially offset in the direction D with respect to the
longitudinal axis L. Further, the fuel rail assembly 1 com-
prises a plurality of adapter pieces 20, which are injector
cups in the present embodiment. The adapter pieces 20
are configured for hydraulically connecting the fuel injec-
tor 60 to the fuel rail 10. In figure 1, only one fuel injector
60 is shown for the sake of simplicity. However, also each
of the other adapter pieces 20 is provided for receiving
a respective fuel injector 60. The fuel injectors 60 are
preferably provided for injecting fuel directly into com-
bustion chambers of the internal combustion engine.
[0030] A fuel inlet end of the respective fuel injectors
60 is inserted into the adapter piece 20 through an inser-
tion opening 220 at an end of the adapter piece 20 remote
from the fuel rail 10. The fuel rail assembly may comprise
fixation elements (not shown in the figures) for fixing the
fuel injectors 60 to the respective adapter pieces 20
and/or spring clips (not shown in the figures) for pushing
the fuel injectors 60 towards the cylinder head of the en-
gine.
[0031] At its axial end facing towards the fuel rail 10
and being in direct mechanical contact with the fuel rail
10, each adapter piece 20 has a generally ring-shaped
flat connection surface 201 which is in contact with a
respective one of the planar surface regions 114 of the
fuel rail 10. A "ring-shaped" surface is in particular un-
derstood to mean a surface which is delimited by and
extends between concentric and coplanar circular edges
of different diameter.
[0032] In the present embodiment, the connection sur-
face 201 is in a full-area contact with the respective planar
surface region 114 so that it defines an interface I be-
tween each adapter piece 20 and the fuel rail 10. Each
connection surface 201 extends completely circumfer-
entially around the respective opening 120 of the fuel rail

10 and also around an inlet opening 210 of the adaptor
piece 20 in top view along its central axis A. The inlet
opening 210 of the adaptor piece 20 is preferably ar-
ranged coaxially to the opening 120 of the fuel rail 10
with respect to the corresponding central axis A.
[0033] At the interface I between each adapter piece
20 and the fuel rail 10, a brazed seam 40 is formed which
extends completely circumferentially around the respec-
tive planar surface region 114 and the respective con-
nection surface 201 for mechanically and fluid-tightly
connecting the adapter piece 20 to the fuel rail 10. In one
embodiment, spot welded connections may be produced
between the fuel rail 10 and the adapter pieces 20 adja-
cent to the edges of the respective planar surface region
114 and the respective connection surface 201, before
the fluid tight brazed seam 40 is manufactured.
[0034] Figure 4 shows a portion of a fuel rail assembly
1 according to a second exemplary embodiment of the
invention in a schematic cross-sectional view. The fuel
rail assembly 1 according to the second exemplary em-
bodiment corresponds in general to that of the first em-
bodiment. Figure 5 shows a schematic top view of a por-
tion of the fuel rail 10 of the fuel rail assembly 1 of the
second exemplary embodiment in the region of one of
the bulges 140.
[0035] Contrary to the first embodiment, the geometric
centers of gravity G of the bulges 140 are not laterally
displaced with respect to the longitudinal axis L of the
tube 100 in the present embodiment. Rather, the oval
cross-section 0 of each bulge 140 is centered with re-
spect to the longitudinal axis L so that the bulges 140,
the openings 120 and the planar surface regions 114 are
arranged mirrorsymmetrically with respect to the longi-
tudinal axis L in top view along the respective central
axes A of the openings 120. Yet, also in the present em-
bodiment, the area content of the oval cross section 0 in
the region of the bulges 140 is larger than the area content
of the circular cross-section C in the longitudinal end re-
gions of the tube 100 and in the regions between the
bulges 140.
[0036] The invention is not limited to specific embodi-
ments by the description on basis of these exemplary
embodiments. Rather, it comprises any combination of
elements of different embodiments. Moreover, the inven-
tion comprises any combination of claims and any com-
bination of features disclosed by the claims.

Claims

1. Fuel rail (10) for a fuel rail assembly (1), the fuel rail
assembly (1) comprising the fuel rail (10) and a plu-
rality of adapter pieces (20) for hydraulically connect-
ing fuel injectors (60) to the fuel rail (10), the adapter
pieces (20) being brazed and/or welded to the fuel
rail (10), wherein
the fuel rail (10) comprises a one-pieced, integrally
formed tube (100),
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the tube (100) has a plurality of openings (120), each
opening (120) perforating a circumferential sidewall
(110) of the tube (100) and being configured for hy-
draulically coupling the fuel rail (10) to one of the
adapter pieces (20), and
an external circumferential surface (112) of the side-
wall (110) comprises a plurality of planar surface re-
gions (114), each planar surface region (114) ex-
tending completely circumferentially around one of
the openings (120) and being configured for being
in a full-area contact with the respective adapter
piece (20).

2. Fuel rail (10) according to the preceding claim,
wherein the tube (100) is elongated along a longitu-
dinal axis (L) and at least one of the openings (120)
has a central axis (A) being skew with respect to the
longitudinal axis (L).

3. Fuel rail (10) according to the preceding claim,
wherein at least one of the planar surface regions
(114) is positioned non-mirrorsymmetrically with re-
spect to the longitudinal axis (L) in top view along
the respective central axis (A).

4. Fuel rail (10) according to one of the preceding
claims wherein the sidewall (110) has a plurality of
bulges (140), each bulge (140) comprising one of
the openings (120) and the corresponding planar
surface region (114).

5. Fuel rail (10) according to claim 4, wherein the side-
wall (110) has a generally oval cross-section (0) in
the region of the bulge (140) and in particular a cir-
cular cross-section (C) in a region between each two
adjacent bulges (140).

6. Fuel rail (10) according to one of claims 4 and 5 and
to one of claims 2 and 3, wherein a geometric center
of gravity (G) of at least one of the bulges (140) is
offset from the longitudinal axis (L) of the tube (100)
in direction (D) towards said skew central axis (A) or
is positioned on said skew central axis (A).

7. Fuel rail assembly (1) comprising the fuel rail (10)
according to one of the preceding claims and the
plurality of adapter pieces (20), each adapter piece
(20) having a generally ring-shaped flat connection
surface (201) which is in full-area contact with a re-
spective one of the planar surface regions (114) of
the sidewall (110) so that it circumferentially sur-
rounds a respective one of the openings (120).

8. Fuel rail assembly (1 according to the preceding
claim comprising brazed seams and/or weld seams
(40) at the interfaces (I) between the respective flat
connection surfaces (201) and planar surface re-
gions (114).
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