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(67)  The presentinvention refers to a fuel rail assem-
bly (1), in particular for delivering fuel to a plurality of fuel
injectors, wherein the fuel rail assembly (1) comprises a
fuel reservoir (2) having a casing (3) and providing a plu-
rality of branch-off holes (4) in its casing (3), wherein the
fuel rail assembly (1) comprises a plurality of branch units
(5) each providing a respective fuel passage (10), where-
in each of the branch units (5) is connected to the fuel
reservoir (2) so that the fuel passage (10) of each re-
spective branch unit (5) is in fluid communication with a
respective branch-off hole (4) one of the branch-off holes
(4) of the fuel reservoir (2). In order to improve the fuel

FUEL RAIL ASSEMBLY AND USE OF A SHEET METAL RESTRICTOR

railassembly (1)itis suggested that the fuel rail assembly
(1) comprises a plurality of sheet metal restrictors (12),
wherein each sheet metal restrictor (12) comprises a re-
spective end wall (13) and a respective side wall (14),
wherein these end walls (13) each include an orifice (15),
and wherein a respective sheet metal restrictor (12) of
the sheet metal restrictors (12) is mounted within a re-
spective branch-off hole (4) of the branch-off holes (4)
and/or within a respective fuel passage (10) of the fuel
passages (10) of the branch units (5). The invention also
refers to a use of a sheet metal restrictor (12) for reduction
of pressure peaks in a fuel rail assembly (1).
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Description
Technical Field

[0001] The present invention refers to a fuel rail
assembly, in particular for delivering a fuel to a plurality
of fuel injectors, wherein the fuel rail assembly comprises
a fuel reservoir having a casing and providing a plurality
of branch-off holes in its casing, wherein the fuel rail as-
sembly comprises a plurality of branch units each pro-
viding a respective fuel passage, wherein each of the
branch units is connected to the fuel reservoir so that the
fuel passage of each respective branch unit is in fluid
communication with a respective branch off-hole of the
branch-off holes of the fuel reservoir. Further, the inven-
tion according to a second aspect refers to a use of a
restrictor.

Background Art

[0002] Regarding fuel rail assemblies (also denoted as
common rail assemblies) of internal combustion engines
it is known that in operation pressure peaks may occur
in the fuel. The pressure peaks may have a negative
impact on the function of fuel injectors which are con-
nected to the fuel rail assembly. In addition, the pressure
peaks may cause additional mechanical stresses in the
components, in particular within the fuel reservoir (which
€. g. may be a main gallery). In the past this problem has
been solved by increasing the total internal volume of the
fuel rail. However this implies higher dimensions and
higher costs. Another known solution is the introduction
of a small orifice directly in one of the components in-
volved within the fuel path. For example, it is known to
form an orifice with a dedicated diameter directly in a
tube adapter or in a nipple of an injector cup. However,
a problem of this solution is that because of a frequently
shortdistance to anintended adjacentbrazed connection
there is a risk that during brazing the molten material
reaches the orifice so that the orifice is plugged and the
componentis a scrap. Alternative solutions use separate
elements for providing a short orifice within the fuel path
in order to dampen the pressure peaks, however these
components are complicate and expensive in manufac-
turing and are specified to be used only in a predeter-
mined position of the fuel rail assembly.

Summary of Invention

[0003] Based on this background an underlying object
of a first aspect the present invention is to provide an
improved fuel rail assembly. In particular, it is an object
to improve a fuel rail assembly in such a manner that at
least some or all of the above described disadvantages
can be overcome. An object underlying to a second as-
pect of the present invention is to provide an advanta-
geous use of a restrictor.

[0004] In order to solve the above mentioned first ob-
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ject a first aspect of the present invention provides a fuel
rail assembly which comprises a plurality of sheet metal
restrictors, wherein each sheet metal restrictor compris-
es a respective end wall and a respective side wall,
wherein these end walls each include an orifice, and
wherein a respective sheet metal restrictor of the sheet
metal restrictors is mounted within a respective branch
off-hole of the branch-off holes and/or within a respective
fuelpassage of the fuel passages (10) of the branch units.
[0005] A sheet metal restrictor as suggested by the
invention is a restrictor which is made of sheet metal.
The sheet metal restrictors each provide an "orifice func-
tion" and hence may be denoted also as orifice creators
or orifice creator elements or more generally as sheet
metal elements. The sheet metal restrictors can be used
in different parts of a fuel rail depending on the application
needs; in principle they can be applied to any component
in contact with fuel within a fuel rail assembly. Its usage
and its combination with one or more other fuel rail com-
ponents, as for example a thick tube, a main gallery, an
injector cup, a tube adapter and a copper ring, may pro-
vide different advantages. The sheet metal restrictors
may be easy to manufacture, like for example by deep
drawing, cupping, stamping or the like. Preferably, each
sheet metal restrictor is made from only a single plate of
sheet metal. Preferably, each sheet metal restrictor may
have a one-piece design. Regarding its manufacturing
from sheet metal, advantageously the size and the shape
of sheet metal restrictors can be easily adapted to specific
requirements, in particular regarding different sizes of
components of a fuel rail assembly. Accordingly, com-
pared to conventional restrictors of fuel rail assemblies,
the suggested sheet metal restrictors are applicable in
more and in more different interface zones of the com-
ponents of a fuel railassembly. Also it is possible to easily
use the sheet metal restrictors in different configurations
by adapting its respective position and/or orientation
within the fuel rail assembly. Nevertheless, it has been
found that restrictors which, differing from the prior art,
are made of sheet metal, are highly appropriate for its
use in fuel rail assemblies in order to reduce pressure
peaks in the fuel rail assembly which results in a better
functionality of connected injectors and which also results
in that in a fuel rail assembly mechanical stress caused
by pressure pulsations is reduced. The thickness of the
sheet metal of the sheet metal restrictor can be different,
i.e. can be chosen depending on the individual require-
ments of an application or use. Furthermore, the inven-
tion may also avoid the known problem of orifice plugging.
For this purpose, for example the position and/or the ori-
entation of the sheet metal restrictor may be chosen such
that the orifice is far away from the molten brazing ma-
terial (or soldering material or the like) during mounting.
By alternative or by combination the shape of the sheet
metal restrictor, in particular a bending radius of a tran-
sition zone between the end wall and the side wall, can
be adapted to not allow the molten material to flow into
the orifice. The fuel reservoir, depending on the embod-
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iment, for example may be a main gallery or a thick tube
or the like. Each branch unit may comprise one or more
components like for example an injector cup, a pipe, a
tube, an adapter, and/or the like. A number of compo-
nents may be fixed to each other in a fluid-tight manner
by providing an inner fuel passage. The orifice of the
sheet metal restrictor extends across the end wall as a
via hole. It may be formed in the end wall of the sheet
metal restrictor for example by stam-ping.

[0006] There are many further possibilities for perfor-
ming preferred modifications: It is preferred that the end
wall is circular wherein the side wall either continuously
extends along an outer circumference of the sheet metal
restrictor 12 orcomprises a plurality of side wall segments
which are arranged in a distributed manner along the
outer circumference of the sheet metal restrictor. The
side wall of a sheet metal restrictor may provide an in-
terface zone of the sheet metal restrictor for fixing it to
an interface zone of a wall section which surrounds a
branch-off hole and/or to an interface zone of a wall sec-
tion which surrounds at a least a cross section of a fuel
passage.

[0007] In an embodiment it is provided that the side
wall of a sheet metal restrictor has a cylindrical shape
and/or a conical shape. It is preferred that a sheet metal
restrictor comprises a transition region which is situated
between the end wall and the side wall, wherein the tran-
sition region is curved within longitudinal cross sections
ofthe sheet me-tal restrictor. The curved region may have
an advantageous effect during a mounting of compo-
nents of a fuel rail assembly for example by brazing; the
curved region may prevent or at least hinder that molten
brazing material (paste or e.g. copper of a copper ring)
can reach and plug the orifice. This even may also apply,
if the end wall of the sheet metal restrictor faces towards
a brazing connection which is situated in only a short
distance. In particular for this purpose, a bending radius
of the transition zone of the sheet metal restrictor can be
different, i.e. can be varied depending on the require-
ments of an application. A big bending radius may provide
a large pendentive to accommodate molten brazing ma-
terial in order to avoid or hinder its movement to the or-
ifice.

[0008] The sheet metal restrictors may be easily man-
ufactured in that they are made by deep drawing and/or
by cutting and/or by stamping. Preferably, the orifice ex-
tends through the end wall across the sheet metal plane.
Preferably it is made by stamping or the like.

[0009] Itis preferred that the side wall of a sheet metal
restrictor is fixed at a wall section which surrounds a
branch-off hole and/or at a wall section which surrounds
at least a cross section of a fuel passage of a branch unit
by pressing and/or by one or more mechanical stops
and/or by one of either welding or brazing or soldering.
The side wall or its section may provide an interface zone
for fixing the sheet metal restrictor. The interface zone
for example may have a shape for limiting the contact to
another component of the fuel rail assembly to which the
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sheet metal restrictor is fixed. The contact may for ex-
ample be limited to one or more areas which (compared
to other regions) are more relevant. For mounting of a
sheet metal restrictor, its insertion can be realized on
different ways, depending on a specific application or
use. For example, features for facilitating its insertion into
ahole orinto afuel passage may be aradius ora chamfer
or adeformation or amachining ora combination of some
of these possibilities, also depending on the manufactur-
ing technology. By pressing the side wall of the sheet
metal restrictor in a radial direction within a branch-off
hole and/or within a fuel passage during or after insertion
of the sheet metal restrictor into such hollow space a
press-fit may be obtained for fixing the sheet metal re-
strictor at a predetermined position. On the other hand,
a movement of the sheet metal restrictor within a branch
unit may be allowed in case there are provided mechan-
ical stops for keeping the sheet metal restrictor within a
desired zone. The insertion for example may also be al-
leviated by a concial shape of the side wall.

[0010] In a preferred embodiment it is provided that a
sheet metal restrictor is mounted in a first component of
the fuel rail assembly and that the first component is con-
nected with a second component of the fuel rail assembly
by a connection made by welding or brazing or soldering,
wherein in particular the end wall of the sheet metal re-
strictor faces away from the second component. Itis pos-
sible that a sheet metal restrictor is mounted within the
branch-offhole or within the fuel passage in an orientation
so that its end wall is situated either upstream or down-
stream with regard to its side wall. Depending on the
requirements of each individual embodiment, this for ex-
ample provides the possibility that the end wall may face
away from or alternatively may face towards a second
component which is adjacent to a first component ac-
commodates the sheet metal restrictor and which for ex-
ample is fixed to the first component accommodating the
sheet metal restrictor by welding or brazing or soldering.
By an orientation so that the end wall faces away from
the second component in consequence a distance be-
tween the orifice in the end wall and the connection made
by for example welding or brazing or soldering can be
increased in order to decrease and even minimize the
risk that the orifice may be damaged and plugged by
molten material.

[0011] In an exemplary embodiment it is provided that
a branch unit comprises an adapter which includes a fuel
conduit being comprised of the fuel passage, wherein
the fuel conduit extends from an inlet section of the fuel
conduit to an outlet section of the fuel conduit, wherein
the adapter is directly or indirectly connected to the fuel
reservoir by welding or brazing or soldering so that its
fuel conduit is in fluid communication with one of the
branch-off holes of the fuel reservoir, and wherein in par-
ticular the sheet metal restrictor is mounted within the
fuel conduit, in particular within the inlet section of the
fuel conduit or within the outlet section of the fuel conduit.
[0012] It is preferred that a first contact wall of the
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adapter is fixed to the fuel reservoir, in particular to a wall
section surrounding the respective branch-off hole, by
welding or brazing or soldering, in particular by using a
copper ring for brazing or soldering.

[0013] In an exemplary embodiment it is provided that
each branch unit comprises a pipe which includes a hol-
low duct being comprised of the fuel passage, wherein
the hollow duct extends from an inlet section of the hollow
duct to an outlet section of the hollow duct, wherein the
pipe is directly or indirectly connected to the adapter by
welding or brazing or soldering, in particular by using a
copper ring for brazing or soldering, so that its hollow
duct is in fluid communication with the fuel conduit of the
adapter, and in particular wherein the sheet metal restric-
tor is mounted within the hollow duct, in particular within
the inlet section of the hollow duct or within the outlet
section of the hollow duct. For a functional embodiment
it is suggested that the adapter has a bore, wherein an
end section of the pipe is inserted into the bore in the
adapter and is fixed within the bore by welding or brazing
or soldering.

[0014] It is possible that a branch unit comprises an
injector cup which has an end wall wherein the end wall
surrounds a via hole being comprised of the fuel passage,
and either in that the injector cup is directly or indirectly
connected to the fuel reservoir by welding or brazing or
soldering, in particular by using a copper ring, so that its
via hole is in fluid communication with one of the branch-
off holes of the fuel reservoir, wherein the sheet metal
restrictor is mounted within the via hole, or in that the
injector cup is directly or indirectly connected to the
adapter by welding or brazing or soldering, in particular
by using a copper ring, so that its via hole is in fluid com-
munication with the fluid conduit of the adapter.

[0015] It is preferred that the orifice of a sheet metal
restrictor has a hollow cross-section area which is smaller
compared to any other hollow cross-section area of the
fuel passage within which the sheet metal restrictor is
mounted or which branches from the branch-off hole
within which the sheet metal restrictor is mounted. For
example, the diameter of the orifice may have a value of
15 - 25 percent (e. g. 20 percent), of an external diameter
of the sheet metal restrictor. Preferably, the orifice may
be formed by stamping for example centrally in the end
wall of the sheet metal restrictor. Of course, the dimen-
sion (in particular the diameter) and the position of the
internal hole of the orifice can be different depending on
the respective application.

[0016] Itis possible that each branch units of a fuel rail
assembly have a same structure and that its respective
sheet metal restrictor is mounted in a same manner.
[0017] Regarding an use of a restrictor, according to a
second aspect the invention suggests an use for reduc-
tion of pressure peaks in a fuel rail assembly, wherein
the fuel rail assembly comprises a fuel reservoir having
a casing and providing a plurality of branch-off holes in
its casing, wherein the fuel rail assembly comprises a
plurality of branch units each providing a respective fuel
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passage, wherein each of the branch units is connected
to the fuel reservoir so that the fuel passage of each re-
spective branch unit is in fluid communication with a re-
spective branch-off hole of the branch-off holes of the
fuel reservoir wherein the restrictor is a sheet metal re-
strictor, wherein the sheet metal restrictor comprises an
end wall and a side wall, wherein the end wall includes
an orifice and wherein the sheet metal restrictor is mount-
ed within one of the branch-off holes and/or within the
fuel passage of the respective branch unit. Regarding
technical effects and advantages as well as regarding
possible modifications reference is made to the above
description. It is preferred that a plurality of sheet metal
restrictors is used in a respective manner corresponding
to each other.

Brief Description of Drawings
[0018] Exemplary embodiments of the invention are

explained in the following with regard to the attached fi-
gures. The figures show:

Fig. 1 a side view of a section of a first exemplary
embodiment of a fuel rail assembly in accord-
ance to the invention;

Fig.2 a top view of the first exemplary embodiment
in viewing direction Il according to figure 1;

Fig. 3 a cross section of the first exemplary embod-
iment along sectional plane Il - Il in Fig. 1;

Fig. 4 an enlarged view of detail IV of figure 3;

Fig. 5 a side view of a section of a second exemplary
embodiment of a fuel rail assembly according
to the invention;

Fig. 6 a top view of the second exemplary embodi-
mentin viewing direction VI according to figure
5;

Fig. 7 a cross section of the second exemplary em-
bodiment along sectional plane VII - VIl ac-
cording to figure 5;

Fig. 8 an enlarged view of detail VIII of figure 7;

Fig. 9 a side view of a section of a third exemplary
embodiment of a fuel rail assembly according
to the invention;

Fig. 10  atop view of the third exemplary embodiment
along viewing direction X according to figure 9;

Fig. 11 an enlarged cross section of the third exem-

plary embodiment along sectional plane XI -
Xl according to figure 9;
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Fig. 12  an enlarged view of detail XII of figure 11;

Fig. 13  aside view of a section of a fourth exemplary
embodiment of a fuel rail assembly according
to the invention;

Fig. 14  an enlarged partial cross section of the fourth
exemplary embodiment along sectional plane
XIV - XIV according to figure 13 and

Fig. 15 an enlarged view of detail XV of figure 14.

Description of Embodiments

[0019] A first exemplary embodiment of a fuel rail as-
sembly 1 according to the invention will be described with
reference to figures 1 - 4. The fuel assembly 1 comprises
a fuel reservoir 2 which has a casing 3. In the casing 3
are a plurality of branch-off holes 4, although only one
branch-off hole 4 is shown by the figures. Figures 1 and
2 schematically indicate that only a longitudinal section,
which is an end section, of the fuel rail assembly 1 is
depicted. In more detail, figure 3 shows a branch unit 5
of the fuel rail assembly 1 wherein in the example the
branch unit 5 consists only of an injector cup 6. In the
example the fuel reservoir 2 is in a shape of a main gal-
lery. As itis clear to those skilled in the art its inner hollow
space 7 may be used to distribute fuel to a plurality of
branch-off holes 4 which in the example are spaced from
each other along a longitudinal direction L of the fuel res-
ervoir 2. For example, the fuel rail assembly 1 may be
used to feed fuel to fuel injectors (not shown in the figures)
of an internal combustion engine in particular of a motor
vehicle (also not shown in the figures).

[0020] As shown in figure 3, the branch-off hole 4 is in
fluid communication with the inner hollow space 7. The
injector cup 6 has an end wall 8 which surrounds a via
hole 9. The injector cup 6, which in the example forms
the branch unit5, provides a fuel passage 10 inits interior,
wherein the via hole 9 is part of the fuel passage 10. For
use of the depicted fuel rail assembly 1, an insert end of
afuelinjector as known to a skilled person may be pushed
into the hollow space of the injector cup 6 in a tightened
manner in order to feed fuel to the fuel injector. The
branch unit 5 is connected to the fuel reservoir 2 so that
the fuel passage 10 is in fluid communication with the
depicted branch-off hole 4 and accordingly with the hol-
low space 7 within the main gallery (fuel reservoir 2).
[0021] Inthe example,i. e. not necessarily, the injector
cup 6 is directly connected to the casing 3 of the fuel
reservoir 2 by a brazed connection 11, i. e. by brazing.
The injector cup 6 is fixed to the casing 3 so that its via
hole 9is in fluid communication with the branch-off hole 4.
[0022] The fuel rail assembly 1 comprises a plurality
of sheet metal restrictors 12. Although figures 1 - 4 show
only one of them, the number of the sheet metal restric-
tors 12 corresponds to the number of branch-off holes 4
which also corresponds to the number of branch units 5.
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The sheet metal restrictor 12 is made of a thin plate of
sheet metal. Figure 4 shows in more detail that the sheet
metal restrictor 12 comprises an end wall 13 and a side
wall 14. The end wall 13 has a circular shape. Inits center
an orifice 15 extends across the plane of the sheet metal
for providing a through hole. In the example the side wall
14 continuously extends along an outer circumference
of the sheet metal restrictor 12 around a central axis A
and has a rotationally symmetric cylindrical shape. In the
example, the side wall 14 is connected to the end wall
13 by a transition region 16. In the drawing plane of figure
4, which corresponds to a longitudinal cross section of
the sheet metal restrictor 12, the transition region 16 is
curved. The curvature is schematically denoted by a ra-
dius r. In the example the cup-like form of the sheet metal
restrictors 12 is formed by deep drawing of a plate of a
metal sheet; the orifice 15 is made by stamping.

[0023] In the first exemplary embodiment each sheet
metal restrictor 12 is mounted within one of the branch-
off holes 4. For fixing the sheet metal restrictor 12 at the
position shown by figure 3 the side wall 14 of the sheet
metal restrictor 12 is fixed at a wall section 17 which sur-
rounds the branch-off hole 4(see figures 3 and 4) by
pressing the side wall 14 in a radial outward direction in
order to create a press-fit 18. In the example the fuel
reservoir 2 can be considered as a first component of the
fuel rail assembly 1 and the injector cup 6 can be con-
sidered as a second component 20. Hence, the sheet
metal restrictor 12 is mounted in the first component 19
which is connected with the second component 20 by
the brazed connection 11, wherein in the example the
end wall 13 faces away from the second component 20,
i. e. from the injector cup 6. Accordingly, compared to an
alternative inverse orientation of the sheet metal restric-
tor 12, it is achieved a large distance between the brazed
connection 11 and the orifice 15. Accordingly, a risk that
molten brazing material may plug the orifice 15, is signif-
icantly reduced.

[0024] A diameter of the via hole 9 is smaller compared
to adiameter of the branch-off hole 4. Hence, aring shoul-
der 21 is formed which, as an additional security feature,
provides an axial mechanical stop for the sheet metal
restrictor 12 for the unlikely case that it may release from
the wall section 17. As it is also shown by figure 3, in the
example the hollow cross-section area of the orifice 15
is smaller compared to any other hollow cross-section
area of the fuel passage 10.

[0025] The described first exemplary embodiment of a
fuel rail assembly 1 is side mounted wherein the injectors
are in line. The sheet metal restrictor 12 is situated so
thatthe fluid (i. e. fuel) is forced to pass through the orifice
15 before reaching the injector cup 6. The fuel rail as-
sembly 1 is fixed to an engine head (not shown in the
figures) by a number of brackets 23. Each bracket 23
provides a through hole 24. The through hole 24 may
serve for holding a fastener which may be fixed to the
engine head (not shown in the figures).

[0026] A second exemplary embodiment of a fuel rail
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assembly 1 according to the present invention is shown
by figure 5 - 8. For better understanding, features which
correspond or which are similar to features as shown by
figures 1 - 4 are depicted again with the same reference
numbers. Figures 5 and 6 show a first bracket 23 having
a through hole 24 which may be used for fixing the fuel
rail assembly 1 for example at an engine head of an in-
ternal combustion engine (not shown). From the figures
it is clear that, again, only a longitudinal section of the
fuel reservoir 2 is depicted. Hence, a longitudinal section
of the fuel rail assembly 1 which is not shown by the
figures but which adjoins the shown section at the right
side of figure 5 comprises additional brackets 23. Accord-
ingly, figure 7 does not only depict a cross section along
the sectional plane VIl - VII of figure 5 but in its back-
ground also depicts a second bracket (also denoted by
23) of the fuel rail assembly 1.

[0027] Further, figures 7 and 8 show a difference of
the second exemplary embodiment from the first exem-
plary embodiment of figures 1 - 4. The difference is that
each sheet metal restrictor 12 is mounted within the via
hole 9 which is formed in the end wall 8 of the injector
cup 6 the via hole belongs to, i. e. is comprised of, the
respective fuel passage 10. In other words, each sheet
metal restrictor 12 is mounted within one of the fuel pas-
sages 10 of the branch units 5. Even if, on mounting the
fuel rail assembly 1, the sheet metal restrictor 12 is
pressed into the via hole 9 before the end wall 8 is con-
nected to the fuel reservoir 2 by the brazed connection
11, on performing the brazing there is only a reduced risk
that molten brazing material may reach or even plug the
orifice 15. Although the distance between the brazed con-
nection 11 and the orifice 15 is less compared to the first
embodiment the risk is nevertheless reduced by the
curved form of the transition region 16; because of the
curved shape a circular hollow pocket is formed which
may accommodate and hence stop any molten brazing
material before reaching the orifice 15.

[0028] The side wall 14 of the sheet metal restrictor 12
is fixed at a wall section 25 which surrounds a cross sec-
tion of the via hole 9, i. e. which surrounds a local cross
section of the fuel passage 10 of the branch unit 5. The
fixture is achieved by pressing the side wall 14 in an out-
ward radial direction against the annular wall section 25
in order to create a press-fit 18.

[0029] A third exemplary embodiment of a fuel rail as-
sembly 1 according to the invention is described with
regard to figures 9 - 12. Again, corresponding or similar
features are denoted with the same reference numbers.
Compared to the first and second embodiments the in-
jector cups 6 are also side mounted, but the injector cups
6 (and also the fuel injectors which are not shown in the
figures) are not in line. Rather, in the third embodiment
each branch unit 5 comprises not only an injector cup 6
but in addition an adapter 26. The adapter 26 includes a
fuel conduit 27. The via hole 9 and the fuel conduit 27
belong to the fuel passage 10. The fuel conduit 27 ex-
tends from an inlet section 28 of the fuel conduit 27 to an
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outlet section 29 of the fuel conduit 27. The adapter 26
is directly connected to the fuel reservoir 2 by a brazed
connection 11 so that its fuel conduit 27 is in fluid com-
munication with the adjacent branch-off hole 4. In the
example each sheet metal restrictor 12 is fixed in one of
the branch-off holes 4. However, differing from the first
embodiment (see figures 1 - 4) the orientation of the sheet
metal restrictor 12 is inverse so that the end wall 13 faces
to the outside, i. e. to the adapter 26. Before reaching
the adapter 26 and the injector cup 6, the fuel is forced
to pass through the orifice 15. Also in this case, with ap-
propriate modification of the dimensions, the sheet metal
restrictor 12 could be attached alternatively at another
position of the fuel rail assembly 1. For example, instead
of mounting it within a branch-off hole 4 of the main gal-
lery, it would be possible to fix the sheet metal restrictor
12 within the inlet section 28 or within the outlet section
29 or within the via hole 9 of the injector cup 6. In other
words, instead of mounting the sheet metal restrictor 12
within a branch-off hole 4 of the fuel reservoir 2 it would
be possible to fix the sheet metal restrictor 12 within the
fuel conduit 27 or at another position within the fuel pas-
sage 10 of the branch unit 5. In the third embodiment the
injector cup 6 for example may be fixed to the adapter
26 by an additional brazed connection 11.

[0030] The fuel rail assembly 1 comprises a number
of brackets 23 which are fixed to the fuel reservoir 2 by
a respective brazed connection 11 (all brazed connec-
tions are denoted by the reference number 11). Arespec-
tive bracket 23 is mounted adjacent to an adapter 26.
For additional stiffening a bended plate 30 is fixed both
to the bracket 23 and to the adapter 26 by respective
brazed connections 11.

[0031] A fourth exemplary embodiment of a fuel rail
assembly 1 according to the present is described with
regard to figures 13 - 15. In the example the fuel rail
assembly 1 is centrally mounted. As shown by figure 14,
the sheet metal restrictor 12 again is mounted within a
branch-off hole 4 of the fuel reservoir 2 which also again
is in a shape of a main gallery. The fluid (i. e. the fuel)
before reaching the adapter 26 and a pipe 31 is forced
to pass through the orifice 15. The adapter 26 and the
pipe 31 belong to the branch unit 5. The fuel conduit 27
of the adapter 26 belongs to the fuel passage 10 of the
branch unit 5. The pipe 31 includes a hollow duct 32
which also belongs to the fuel passage 10. The hollow
duct 32 extends from an inlet section 33 to an outlet sec-
tion 34. The pipe 31 is directly connected to the adapter
26 by means of a brazed connection 11 so that the hollow
duct 32 is in fluid communication with the fuel conduit 27
of the adapter 26, with the branch-off hole 4 and with the
hollow space 7 of the main gallery. Also in this exemplary
embodiment, with appropriate notification of the dimen-
sions, the sheet metal restrictor 12 could be attached for
example to the adapter 26 or to the pipe 31 (i. e. within
the fuel passage 10 of the branch unit 5) instead of mount-
ing it in branch-off hole 4 of the fuel reservoir 2. In the
example the end section of the pipe 31 which corre-
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sponds to the inlet section of its duct 32 is inserted into
a bore 35 of the adapter 26 and is fixed therein by a
brazed connection 11.

[0032] By the above description, several exemplary
embodiments of a fuel rail assembly 1 according the
present invention and also several exemplary embodi-
ments of a use of a sheet metal restrictor 12 according
to the present invention are described.

[0033] All disclosed features are (for its own, but also
in combination) relevant for the invention. The features
of the dependent claims characterize also independent
inventive improvements of the prior art, in particular for
filing divisional applications on a basis of these claims.

Reference Signs List
[0034]

fuel rail assembly
fuel reservoir
casing

branch-off hole
branch unit
injector cup
hollow space

end wall

9 via hole

10 fuel passage

11 brazed connection
12  sheet metal restrictor
13  end wall

14 side wall

15  orifice

16  transition region
17  wall section

18  press-fit

19 first component
20 second component
21 ring shoulder

22  mechanical stop
23  bracket

24  through hole

25  wall section

26  adapter

27  fuel conduit

28 inlet section

29  outlet section

0 ~NO O WN -

30 plate
31 pipe
32  duct

33 inlet section
34  outlet section
35 bore

A central axis
L  longitudinal direction
r radius
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Claims

Fuel rail assembly (1), in particular for delivering fuel
to a plurality of fuel injectors, wherein the fuel rail
assembly (1) comprises a fuel reservoir (2) having
a casing (3) and providing a plurality of branch-off
holes (4) in its casing (3), wherein the fuel rail as-
sembly (1) comprises a plurality of branch units (5)
each providing a respective fuel passage (10),
wherein each of the branch units (5) is connected to
the fuel reservoir (2) so that the fuel passage (10) of
each respective branch unit (5) is in fluid communi-
cation with a respective branch-off hole (4) of the
branch-off holes (4) of the fuel reservoir (2), char-
acterized in that the fuel railassembly (1) comprises
a plurality of sheet metal restrictors (12), wherein
each sheet metal restrictor (12) comprises a respec-
tive end wall (13) and a respective side wall (14),
wherein these end walls (13) each include an orifice
(15), and wherein a respective sheet metal restrictor
(12) of the sheet metal restrictors (12) is mounted
within a respective branch-off hole (4) of the branch-
off holes (4) and/or within a respective fuel passage
(10) of the fuel passages (10) of the branch units (5).

Fuel rail assembly (1) according to claim 1, charac-
terized in that regarding a sheet metal restrictor (12)
the end wall (13) is circular and the side wall (14)
either continuously extends along an outer circum-
ference of the sheet metal restrictor (12) or compris-
es a plurality of side wall segments which are ar-
ranged in a distributed manner along the outer cir-
cumference of the sheet metal restrictor (12).

Fuel rail assembly (1) according to any one of the
preceding claims, characterized in that the side
wall (14) of a sheet metal restrictor (12) has a cylin-
drical shape and/or a conical shape.

Fuel rail assembly (1) according to any one of the
preceding claims, characterized in that a sheet
metal restrictor (12) comprises a transition region
(16) which is situated between the end wall (13) and
the side wall (14), wherein the transition region (16)
is curved within longitudinal cross sections of the
sheet metal restrictor (12).

Fuel rail assembly (1) according to any one of the
preceding claims, characterized in that a sheet
metal restrictor (12) is made by deep drawing and/or
by cupping and/or by stamping.

Fuel rail assembly (1) according to any one of the
preceding claims, characterized in that the side
wall (14) of a sheet metal restrictor (12) is fixed at a
wall section (17) which surrounds a branch-off hole
(4) and/or at a wall section (25) which surrounds at
least a cross section of a fuel passage (10) of a
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branch unit (5) by pressing and/or by one or more
mechanical stops (22) and/or by one of either weld-
ing or brazing or soldering.

Fuel rail assembly (1) according to any one of the
preceding claims, characterized in that a sheet
metal restrictor (12) is mounted in a first component
(19) of the fuel rail assembly (1) and that the first
component (19) is connected with a second compo-
nent (20) of the fuel rail assembly (1) by a connection
(11) made by welding or brazing or soldering, where-
in in particular the end wall (13) of the sheet metal
restrictor (12) faces away from the second compo-
nent (20).

Fuel rail assembly (1) according to any one of the
preceding claims, characterized in that a branch
unit (5) comprises an adapter (26) which includes a
fuel conduit (27) being comprised of the fuel passage
(10), wherein the fuel conduit (27) extends from an
inlet section (28) of the fuel conduit (27) to an outlet
section (29) of the fuel conduit (27), wherein the
adapter (26) is directly or indirectly connected to the
fuel reservoir (2) by welding or brazing or soldering
so that its fuel conduit (27) is in fluid communication
with one of the branch-off holes (4) of the fuel res-
ervoir (2), and wherein in particular the sheet metal
restrictor (12) is mounted within the fuel conduit (27),
in particular within the inlet section (28) of the fuel
conduit (27) or within the outlet section (29) of the
fuel conduit (27).

Fuel rail assembly (1) according to claim 8, charac-
terized in that a first contact wall of the adapter (26)
is fixed to the fuel reservoir (2), in particular to a wall
section (17) surrounding the respective branch-off
hole (4), by welding or brazing or soldering, in par-
ticular by using a copper ring for brazing or soldering.

Fuel rail assembly (1) according to any one of the
preceding claims 8 - 9, characterized in that a
branch unit (5) comprises a pipe (31) which includes
a hollow duct (32) being comprised of the fuel pas-
sage (10), wherein the hollow duct (32) extends from
an inlet section (33) of the hollow duct (32) to an
outlet section (34) of the hollow duct (32), wherein
the pipe (31) is directly or indirectly connected to the
adapter (26) by welding or brazing or soldering, in
particular by using a copper ring for brazing or sol-
dering, so that its hollow duct (32) is in fluid commu-
nication with the fuel conduit (27) of the adapter (26),
and in particular wherein the sheet metal restrictor
(12) is mounted within the hollow duct (32), in par-
ticular within the inlet section (33) of the hollow duct
(32) or within the outlet section (34) of the hollow
duct (32).

Fuel rail assembly (1) according to claim 10, char-
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12.

13.

14.

15.

acterized in that the adapter (26) has a bore (35),
wherein an end section of the pipe (31) is inserted
into the bore (35) in the adapter (26) and is fixed
within the bore (35) by welding or brazing or solder-

ing.

Fuel rail assembly (1) according to any one of the
preceding claims, characterized in that a branch
unit (5) comprises an injector cup (6) which has an
end wall (8) wherein the end wall (8) surrounds a via
hole (9) being comprised of the fuel passage (10),
and either in that the injector cup (6) is directly or
indirectly connected to the fuel reservoir (2) by weld-
ing or brazing or soldering, in particular by using a
copper ring, so that its via hole (9) is in fluid commu-
nication with one of the branch-off holes (4) of the
fuel reservoir (2), wherein the sheet metal restrictor
(12) is mounted within the via hole (9), or in that the
injector cup (6) is directly or indirectly connected to
the adapter (26) by welding or brazing or soldering,
in particular by using a copper ring, so that its via
hole (9) is in fluid communication with the fluid con-
duit (27) of the adapter (26).

Fuel rail assembly (1) according to any one of the
preceding claims, characterized in that the orifice
(15) of a sheet metal restrictor (12) has a hollow
cross-section area which is smaller compared to any
other hollow cross-section area of the fuel passage
(10) within which the sheet metal restrictor (12) is
mounted or which branches from the branch-off hole
(4) within which the sheet metal restrictor (12) is
mounted.

Use of a restrictor for reduction of pressure peaks in
afuelrailassembly (1), wherein the fuel rail assembly
(1) comprises a fuel reservoir (2) having a casing (3)
and providing a plurality of branch-off holes (4) in its
casing (3), wherein the fuel rail assembly (1) com-
prises a plurality of branch units (5) each providing
a respective fuel passage (10), wherein each of the
branch units (5) is connected to the fuel reservoir (2)
so that the fuel passage (10) of each respective
branch unit (5) is in fluid communication with a re-
spective branch-off hole (4) of the branch-off holes
(4) of the fuel reservoir (2), characterized in that
the restrictor is a sheet metal restrictor (12), wherein
the sheet metal restrictor (12) comprises an end wall
(13) and a side wall (14), wherein the end wall (13)
includes an orifice (15) and wherein the sheet metal
restrictor (12) is mounted within one of the branch-
off holes (4) and/or within the fuel passage (10) of
the respective branch unit (5).

Use of a sheet metal restrictor (12) according to the
preceding claim, characterized by one or more fea-
tures of any one of claims 1 - 13.
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