wo 20187108963 A1 | I0E 0000 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
21 June 2018 (21.06.2018)

(10) International Publication Number

WO 2018/108963 A1l

WIPO I PCT

(51) International Patent Classification:
F02M 55/04 (2006.01) F02M 37/00 (2006.01)

(21) International Application Number:
PCT/EP2017/082516

(22) International Filing Date:
13 December 2017 (13.12.2017)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

16204400.2 15 December 2016 (15.12.2016) EP

(71) Applicant: CONTINENTAL AUTOMOTIVE GMBH
[DE/DE]; Vahrenwalder Strafie 9, 30165 Hannover (DE).

(72) Inventors: SERRA, Giandomenico; Via Calcesana 38/
A, 56010 Ghezzano - S.Giuliano Terme (PI) (IT). DI
DOMIZIO, Gisella; Via Mazzini, 56¢, 56017 San Giuliano
Terme (IT).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: FUEL RAIL ASSEMBLY WITH A CONSTRICTOR ELEMENT AND FUEL DELIVERY ASSEMBLY

(57) Abstract: A fuel rail assembly (1) and a fuel delivery assembly with the fuel rail assembly (1) are disclosed. The fuel rail as-
sembly (1) comprises a tubular fuel reservoir (20) with a plurality of outlet ports (22) and a fuel delivery line (23) connected to each of
the outlet ports (22), each fuel deliv- ery line (23) comprising a pipe (231) and an injector cup (233). Each fuel delivery line (23) further
comprises a con- strictor element (235) which has an orifice (2355) extending through the constrictor element (235). The constrictor
ele- ment (235) is inserted into the pipe (231) so that an exter- nal surface (2353) of the constrictor element (235) is in form-fit and/or
force-fit connection with an internal surface (2314) of the pipe (231).

[Continued on next page]



WO 2018/108963 A1 { I 10000000 0O

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



10

15

20

25

30

WO 2018/108963 PCT/EP2017/082516

DESCRIPTION

TITLE

Fuel rail assembly with a constrictor element and fuel deliv-

ery assembly

TECHNICAL FIELD

The present disclosure relates to a fuel rail assembly with
the constrictor element and to a fuel delivery assembly com-

prising the fuel rail assembly.

BACKGROUND

Fuel rail assemblies usually comprise a tubular fuel reser-

voir and a plurality of fuel delivery lines which branch off
from the fuel reservoir to connect the fuel rail assembly hy-
draulically and mechanically to fuel injectors of an internal

combustion engine.

It is desirable to have an orifice in the fuel rail assembly
between the fuel reservoir and the fuel injectors. By means
of such an orifice, pressure pulsations can be dampened so as
to decrease pressure peaks. In this way, a better functional-
ity of the injector and lower mechanical stress to the fuel

rail assembly is achievable.

It is an object of the present disclosure to specify a fuel
rail assembly which is particularly reliable and/or produci-
ble with particularly small scrap costs. This object is

achieved by a fuel rail assembly having the features of the
independent claim. Advantageous embodiments and developments

of the fuel rail assembly and a fuel delivery assembly com-
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prising the fuel rail assembly are specified in the dependent

claims, in the following description and in the drawings.

SUMMARY AND EMBODIMENTS

A fuel rail assembly is specified according to one aspect.
The fuel rail assembly is configured for delivering fuel to a
plurality of fuel injectors. A fuel delivery assembly com-
prising the fuel rail assembly and the fuel injectors is
specified according to another aspect. The fuel delivery as-
sembly is preferably configured for delivering fuel to an in-

ternal combustion engine.

The fuel rail assembly comprises a tubular fuel reservoir.
The tubular fuel reservoir can also be denoted as a main gal-
lery. A plurality of outlet ports branch off from the fuel
reservoir. The fuel rail assembly further comprises a plural-
ity of fuel delivery lines. Each fuel delivery line is con-
nected to a respective one of the outlet ports, and is in
particular configured for receiving a respective one of the

fuel injectors.

Each fuel delivery line comprises a pipe and an injector cup.
The pipe has a first end which is hydraulically and mechani-
cally connected to the respective outlet port and a second

end, remote from the first end, hydraulically and mechanical-
ly connected to an inlet end of the injector cup. The injec-
tor cup has an outlet end, remote from the inlet end, for re-

ceiving a respective one of the fuel injectors.

Each fuel injector may expediently have an inlet portion
which is shifted into the outlet end of the respective injec-
tor cup. In this way, the fuel injector is hydraulically con-

nected to the fuel reservoir so that fuel can be fed from the
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fuel reservoir through the outlet port, the pipe and the in-

jector cup to the injector.

FEach fuel delivery line further comprises a constrictor ele-
ment which has an orifice extending through the constrictor
element. The constrictor element is inserted into the pipe so
that an external surface of the constrictor element is in
form-fit and/or force-fit connection with an internal surface
of the pipe. By means of the form-fit and/or force-fit con-
nection, in particular the displaceability of the constrictor
element in direction along the pipe from the first towards

the second end and/or vice versa 1s limited.

In the present context, that “an external surface of the con-
strictor element is in form-fit and/or force-fit connection
with an internal surface of the pipe” is understood to in-
clude embodiments in which the constrictor element is movable
relative to the pipe so that it can engage into an disengage
from the form fit and/or force fit connection with the pipe.
The constrictor element, however, may expediently be shaped,
sized and positioned in such fashion that it is in the form-
fit and/or force-fit connection with the pipe at least during
producing connections between the outlet port and the pipe
and/or between the pipe and the injector cup during manufac-
turing of the fuel rail assembly, the connections being in

particular brazed connections.

With advantage, the constrictor element can be used for dif-
ferent fuel rail assembly configurations by adapting its po-
sition. In addition, the size and/or the position of the ori-
fice of the constrictor element as well as other dimensions
such as the shape and the length of the constrictor element
can be changed for different fuel rail configurations by re-

placing the constrictor element without any further changes
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to other components of the fuel rail assembly. The constric-
tor element is easily connectable to the pipe. Due to the
form fit and/or force fit connection, the position of the
constrictor element relative to the pipe can be easily ad-

justed during manufacturing of the fuel rail assembly.

In one embodiment, the constrictor element is arranged adja-
cent to the first end of the pipe and the pipe is connected

to the outlet port by means of a brazed connection. In an al-
ternative embodiment, the constrictor element is arranged ad-
jacent to the second end of the pipe and the pipe is connect-

ed to the injector cup by means of a brazed connection.

With advantage, due to the force-fit and/or form-fit connec-
tion of the external surface of the constrictor element with
the internal surface of the pipe, the constrictor element or
at least the inflow and outflow openings of the orifice may
be positioned at a distance from the respective brazed con-

nection.

For example, the constrictor element is inserted into the
pipe through the first end and is offset, in its entirety,
from the brazed connection of the pipe with the outlet port
in direction towards the injector cup along the pipe or the
constrictor element is inserted into the pipes from the sec-
ond end and is offset, in its entirety, from the brazed con-
nection of the pipe with the injector cup in direction to-
wards the outlet port along the pipe. In another example, the
inflow and outflow openings of the orifice are offset in op-
posite directions along the pipe with respect to the respec-
tive brazed connection. With advantage, the positioning may
be reproducible and particularly reliable in this way. The

risk that brazing material obstructs the orifice is particu-
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larly small. Therefore, scrap costs may be particularly small

when producing the fuel rail.

In one embodiment, the constrictor element is in the shape of
a plug, in particular in the shape of a cylindrical plug. In
this case, the orifice preferably extends through the con-
strictor element along the cylinder axis of the cylindrical
plug. In another embodiment, the constrictor element is in
the shape of a cap having a circumferential sidewall, in par-
ticular a cylindrical sidewall, and a cover portion which
closes the cap at one end of the circumferential sidewall. In
this case, the orifice preferably extends through the cover
portion, in particular along a center axis of the circumfer-
ential sidewall. With advantage, such constrictor elements

are easily and cost efficiently producible.

Expediently, a portion of the pipe may extend circumferen-

tially around the constrictor element and the constrictor el-
ement and its orifice are dimensioned such that the constric-
tor element reduces the hydraulic diameter of said portion of

<

the pipe by 25% or more, preferably by 50 % or more, and in

particular by 90 % or less. In this way, a particularly ad-

vantageous reduction of pressure peaks is achievable.

In one embodiment, in which the constrictor element is in
force fit connection with the pipe, the constrictor element
is arranged in the pipe such that a portion of the pipe ex-
tends circumferentially around the constrictor element, the
internal surface of said portion being in press-fit connec-
tion, i1.e. in a force-fit connection, with the external sur-
face of the constrictor element. In this way, the position of
the constrictor element along the length of the pipe is par-

ticularly easily adjustable.
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Preferably, surface portions of the constrictor element and
of the pipe which are in press-fit connection extend com-
pletely circumferentially around the constrictor element at
least in places so as to fluid tightly seal the interface be-
tween the internal surface of the pipe and the constrictor
element. In this way, particularly precise adjustment of the
hydraulic diameter of the fuel delivery line in the region of

the constrictor element is achievable.

In another embodiment, the pipe has a bend or kink which is
operable to engage into form-fit and/or force-fit connection
with the constrictor element. In particular, the pipe has a
straight section comprising the first or second end, respec-
tively, of the pipe through which the constrictor element is
inserted into the pipe. The bend or kink may expediently de-
limit the straight section on the side remote from said first
or second end. In particular, the shape and size of the con-
strictor element is adapted to the shape and size of the in-
ternal cross section of the straight section and the bend in
such fashion that the constrictor element is displaceable
along the straight portion to the bend, the bend limiting the
displaceability of the constrictor element along the pipe by

form fit and/or force fit engagement.

In a preferred development of this embodiment, the constric-
tor element is in loose fit engagement with the straight por-
tion of the pipe. Thus, it can easily slide along the

straight portion of the pipe until it is stopped by the bend

or kink.

For example in this embodiment, the constrictor element may
be configured to move along the pipe driven by gravity until
it comes in contact with the bend or kink. The bend or kink

is in particular positioned such that the constrictor ele-
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ment, in its entirety, is spaced apart from any brazed joints
between the pipe and the outlet port and the pipe and the in-
jJector cup when the constrictor element is in form-fit and/or
force-fit engagement with the bend or kink. In this way, a
reproducible position of the constrictor element during pro-
duction of the brazed connections of the fuel rail assembly

is easily achievable.

In a further embodiment, the internal surface of the pipe and
the external surface of the constrictor element have corre-
sponding threaded portions for establishing a threaded con-
nection between the constrictor element and the pipe. In this
way, the position of the constrictor element is easily and

precisely adjustable.

In another embodiment, the internal surface of the pipe has a
step which is operable to engage in form-fit connection with
the external surface of the constrictor element. In particu-
lar, the step represents an interface between a larger cross-
section portion and a smaller cross-section portion of the
pipe, the constrictor element being inserted into the larger
cross-section portion. The larger cross-section portion is in
particular a straight section of the pipe comprising the
first or the second end, respectively, through which the con-
strictor element is inserted into the pipe. By means of the
step, the displaceability of the constrictor element along

the pipe can be easily and/or precisely limited.

In yet another embodiment, the constrictor element is shifted
into the first end of the pipe and projects from the first
end into the outlet port. For example in this embodiment, the
inflow opening of the orifice may be positioned inside the
tubular fuel reservoir and the outflow opening may be posi-

tioned inside the pipe and spaced apart from the brazed con-
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nection between the pipe and the outlet port on the side of
the brazed connection facing away from the fuel reservoir and
towards the injector cup. In this way, a particularly good
damping function of the constrictor element and/or a particu-
larly small risk that brazing material obstructs the orifice

are achievable.

In an alternative embodiment, the constrictor element is
shifted into the first end of the pipe such that it is ar-
ranged completely inside the pipe and spaced apart from the
first end and in particular spaced apart from a brazed con-
nection between the respective outlet port and the pipe in
direction towards the injector cup. Such a fuel rail assembly

is particularly easily manufacturable and/or cost-efficient.

In another alternative embodiment, the constrictor element is
shifted into the second end of the pipe so that it is ar-
ranged subsequent to the inlet end of the injector cup in di-
rection towards the respective outlet port of the fuel reser-
voir. In this way, the dampening function of the orifice may
be achieved particularly close to the fuel injector. Further,
the inlet end of the injector cup may limit displacability of
the constrictor element. In this way, accidental removal of
the constrictor element through the second end of the pipe
may be reliably prevented even if the constrictor element is

only in loose-fit connection with the pipe.

In one development of this embodiment, the internal surface
of the pipe and the external surface of the constrictor ele-
ment have corresponding threaded portions for establishing a
threaded connection between the constrictor element and the
pipe and the fuel delivery line further comprises a brazed
connection connecting the pipe and the injector cup. The

brazed connection may preferably be located in a region sub-
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sequent to the threaded portions in direction towards the in-
let end of the injector cup. In this way, the risk for braz-
ing material flowing into the threaded portions during manu-

facturing of the fuel rail assembly is particularly small.

In another development of this embodiment, the internal sur-
face of the pipe has a step, herein also denoted as a first
step, which is operable to engage in form-fit connection with
the external surface of the constrictor element. In addition,
the internal surface of the pipe has a further step posi-
tioned between said first step and the inlet end of the in-
jector cup. The fuel delivery line may further comprise a
brazed connection connecting the pipe and the injector cup in
a region subsequent to the further step in direction away
from said first step. Preferably, the cross-section of the
pipe increases at the step and at the further step in direc-
tion towards the second end of the pipe. In this way, the
constrictor element can be inserted through the second end
into the pipe and its displaceability is limited by the first
step. At the same time, for example a ring of brazing materi-
al, having a larger cross-section than the constrictor ele-
ment, can also be inserted through the second end into the
pipe and is stopped by the further step preceding the first
step in direction from the second end towards the first end
of the pipe. In this way, the constrictor element and the
brazing material can be reliably kept at a distance during

production of the fuel rail assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantages, advantageous embodiments and developments
of the fuel rail assembly and the fuel delivery assembly will
become apparent from the exemplary embodiments which are de-

scribed below in association with the figures.
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In the figures:

Figure 1 shows a sectional view of a portion of a fuel rail

assembly according to a first exemplary embodiment,

Figure 2 shows a sectional view of a portion of a fuel rail
assembly according to a second exemplary embodi-

ment,

Figure 3 shows a sectional view of a portion of a fuel de-
livery assembly according to a third exemplary em-

bodiment,

Figure 4 shows a sectional view of a portion of the fuel de-
livery assembly according to a fourth exemplary em-

bodiment, and

Figure 5 shows a schematic exploded view of a portion of a
fuel delivery assembly comprising the fuel rail as-
sembly according to the first embodiment and a fuel

injector.

DETAILED DESCRIPTION OF EMBODIMENTS

In the exemplary embodiments and figures, similar, identical
or similarly acting elements are provided with the same ref-
erence symbols. In some figures, individual reference symbols

may be omitted to improve the clarity of the figures.

Figure 1 shows a sectional view of a portion of the fuel rail
assembly 1 according to a first exemplary embodiment. The

fuel rail assembly 1 makes part of a fuel delivery assembly,



10

15

20

25

30

WO 2018/108963 PCT/EP2017/082516
11

a portion of which is schematically shown in the exploded

view of figure 5.

The fuel rail assembly 1 comprises a tubular fuel reservoir
20 and a plurality of fuel delivery lines 23 which branch off
at outlet ports 22 on the fuel reservoir 20. Each fuel deliv-
ery line has a pipe 231 and an injector cup 233. A first end
2311 of the pipe 231 is shifted into the outlet port 22. A
second end 2312 of the pipe 231, remote from the outlet port
22, 1is hydraulically and mechanically connected to the injec-

tor cup 233.

The fuel delivery assembly comprises a plurality of fuel in-
jectors 2, each fuel injector 2 being shifted into an outlet
end 2332 of the injector cup 233 of a respective fuel deliv-
ery line 23 of the fuel rail assembly 1 for hydraulically
connecting the fuel injector 2 to the fuel rail assembly 1.
In the exploded view of figure 5, the inlet portion 11 of the

fuel injector 2 is visible outside the injector cup 233.

The fuel injector 2 and the injector cup 233 may have corre-
sponding indexing features for setting a predetermined angu-
lar position of the fuel injector 2 with respect to the in-
jector cup 233. In the present embodiment the indexing fea-
tures are a tab projecting from the outlet end 2332 of the

injector cup 233 and a corresponding pocket in a housing of

the fuel injector 2.

The fuel delivery assembly of this and other embodiments is
preferably configured for delivering fuel to an internal com-
bustion engine, in particular for injecting fuel directly in-
to individual cylinders of the internal combustion engine
(not shown in the figures). The fuel delivery assembly is

preferably configured for being fixed to a cylinder head (not
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shown in the figures) of the internal combustion engine. For
fixing to the cylinder head, the fuel rail assembly 1 has one
or more brackets 24 which is/are, for example, configured for
receiving a bolt that may be screwed into or otherwise fixed

to the cylinder head.

Only one fuel delivery line 23 is shown in figures 1 and 5.
However, the fuel rail assembly 1 preferably has a fuel de-
livery line 23 associated to each of the cylinders of the in-
ternal combustion engine. Preferably, the fuel delivery lines
23 follow one another along an elongation direction of the

tubular fuel reservoir 20.

In the present embodiment, the outlet ports 22 are fixed to
an outer surface of a circumferential wall of the tubular
fuel reservoir 20 and connected to the interior of the fuel
reservoir 20 by means of respective bores through the circum-
ferential wall. Each bore is expediently laterally enclosed

by their respective outlet port 22.

The first end 2311 of the pipe 231 of each fuel delivery line
23 is shifted into the corresponding outlet port 22 from the
side of the outlet port 22 remote from the fuel reservoir 20.
The second end 2312 of the pipe 231 receives an inlet end

2331 of the injector cup 233.

The first ends 2311 of the pipes 231 are hydraulically and
mechanically connected to the outlet ports 22 by means of
brazed connections 71. The outlet ports 22 are hydraulically
and mechanically connected to the fuel reservoir 20 by brazed
connections 72. Further, the second ends 2312 of the pipes
231 are hydraulically and mechanically connected to the inlet
ends 2331 of the injector cups 233 by means of brazed connec-

tions 73 (see also the third exemplary embodiments discussed



10

15

20

25

30

WO 2018/108963 PCT/EP2017/082516
13

below in connection with Fig. 3). In the fuel rail assembly 1
according to the present embodiment, the brackets 24 are
fixed to the respective pipes 231 also by brazed connections

K

FEach fuel delivery line 23 has a constrictor element 235
which, in the present embodiment, is shifted into the pipe
231 through the first end 2311 and arranged adjacent to the
first end 2311. In the present embodiment, the constrictor
element 235 is in the shape of a cylindrical plug having an
orifice 2355 which extends centrally through the plug along
its cylinder axis. The diameter of the orifice 2355 has a
value of, for example, 15% to 25% - e.g. of 20% - of an ex-
ternal diameter of the constrictor element 235, the limits
being included. The external diameter of the constrictor ele-
ment 235 is identical - or at least almost identical - to the
internal diameter of the portion 2315 of the pipe 231 which
extends circumferentially around the concert elements 235.
Therefore, the constrictor element 235 reduces the hydraulic
diameter of said portion 2315 of the pipe 231 by 75% to 85%,
the limits being included; e.g. it reduces the hydraulic di-

ameter by 80%.

The constrictor element 235 is dimensioned such that it can
slide along a straight end section which comprises the first
end 2311 of the pipe 231. A circumferential portion of the
external surface 2353 of the constrictor element 235 is in
loose-fit connection with an internal surface 2314 of the
pipe 231. In particular, the external diameter of the con-
strictor element 235 corresponds almost to the internal diam-
eter of the straight section of the pipe 231, but being a
little smaller so that the internal surface 2314 of the pipe
231 and the external surface 2353 of the constrictor element

235 are in sliding contact.
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In the present embodiment, the pipe 231 has a bend 2316. Due
to the respective sizes and shapes, the bend 2316 limits the
displaceability of the constrictor element 235 along the pipe
231 in direction away from the first end 2311 by form-fit
and/or force-fit engagement. Typically, the bend 2316 limits
the movement of the plug-shaped constrictor element 235 by a

combination of force-fit and form-fit engagement.

For producing the fuel rail assembly 1, rings of a brazing
material, e.g. copper, are inserted into the outlet port 22
for producing the brazed connections 71 and 72. For example,
a ring of brazing material is positioned between the first
end 2311 of the pipe 231 and a surface portion of the outlet
port 22 in a recess of the outlet port 22 which receives the
pipe 231 and the ring of brazing material. For example, the
first end 2311 of the pipe 1231 locks the ring of brazing ma-
terial in the recess during manufacturing of the fuel rail
assembly 1. In this and other embodiments, the brazing mate-
rial can have other shapes instead of a ring shape. For exam-
ple, the brazing material can be in the shape of a washer or

the like.

The constrictor element 235 is spaced apart from the first
end 2311 of the pipe 231 and from the ring of brazing materi-
al and is arranged subsequent to the outlet port 22 in direc-
tion towards the injector cup 233 along the pipe 231 when it
is in form-fit and/or force-fit connection with the bend 2316
of the pipe 231. During production of the brazed connections
71, 72, the pipe 231 is preferably positioned such that grav-
ity forces the constrictor element 235 into the form-fit
and/or force-fit connection with the bend 2316. Therefore,
when the brazing material rings melt, there is only a small

risk that brazing material flows into the orifice 2355. Braz-
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ing material flowing into the orifice 2355 could lead to ob-
struction of the orifice 2355 by the brazing material and to

a malfunction of the fuel rail assembly 1.

Figure 2 shows a portion of a fuel rail assembly 1 according
to a second exemplary embodiment in a sectional view. The
fuel rail assembly 1 according to the second embodiment cor-
responds in general to the fuel rail assembly according to

the first embodiment.

However, in the present embodiment, the constrictor element
235 is not in loose-fit connection with the pipe 231. Rather,
the constrictor element 235 is press-fitted into the straight
end section of the pipe 231 so that the circumferential por-
tion of its external surface 2353 and the internal surface
2314 of the straight portion 2315 of the pipe 231 which ex-
tends circumferentially around the constrictor element 235

are in force-fit engagement with one another.

In the present embodiment, the constrictor element 235 pro-
jects beyond the first end 2311 of the pipe 231 into the out-
let port 22 and further through the outlet port 22 and
through the bore in the circumferential sidewall into the in-
terior of the tubular fuel reservoir 20. In this way, the in-
flow opening of the orifice 2355 is positioned in the interi-
or of the fuel reservoir 20. The outflow opening of the ori-
fice 2355 is positioned inside the pipe 231, offset in direc-
tion from the first end 2311 towards the second end 2312
along the pipe 231 with respect to the brazed connections 71,
72, the outlet port 22 and the first end 2311 of the pipe
231.

Figure 3 shows a portion of a fuel delivery assembly accord-

ing to a third exemplary embodiment in a sectional view. The
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fuel delivery assembly corresponds in general to the fuel de-
livery assembly described in connection with figures 1 and 5.
The portion shown in figure 3 comprises the second end 2312
of the pipe 231, the injector cup 233 and the inlet end 11 of
the fuel injector 2. The inlet end 11 of the fuel injector 2
is shifted into the injector cup 233 through the outlet end
2332 of the injector cup 233.

The injector cup 233 has a nipple 2335 at its inlet end 2331
which is shifted into the pipe 231 through the second end
2312 thereof and connected to the pipe 231 by means of a
brazed connection 73. Such a configuration may also be useful
for other embodiments of the fuel rail assembly 1, and may,
for example, be realized in the first and second embodiments

described above.

In contrast to the first and second embodiments, the con-
strictor element 235 is not arranged adjacent to the first
end 2311 of the pipe 231, but adjacent to the second end 2312
of the pipe 231. It is inserted into the pipe 231 through the
second end 2312. A form-fit and force-fit connection between
the external surface 2353 of the constrictor element 235 and
the internal surface 2314 of the pipe 231 is established by a
threaded connection between threaded portions 2317, 2357 of

the pipe 231 and of the constrictor element 235, respective-

ly.

In the present embodiment, the constrictor element 235 is al-
so not shaped as a cylindrical plug, but it has the shape of
a cap screw with a circumferential sidewall having a hollow
cylindrical basic shape and with a cover portion closing the
sidewall at one axial end thereof. The sidewall expediently
comprises the threaded portion 2357 of the constrictor ele-

ment 235 at its external surface. Preferably, the sidewall
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has a hexagonal internal cross-section so that the constric-
tor element 235 represents a hexagon socket head cap screw.
The cover portion may expediently comprise the orifice 2355

in the present embodiment of the constrictor element 235.

A constrictor element 235 having such a shape may also be
useful for other embodiments of the fuel rail assembly 1. It
is also conceivable to use a plug shaped constrictor element
235 in the present embodiment, such as described in detail
above. However, the constrictor element 235 in the shape of a
hexagon socket head cap screw is particularly advantageous
for establishing the threaded connection between the threaded

portions 2317, 2357.

In the present embodiment, the constrictor element 235 is
shifted into the second end 2312 of the pipe 231 so that it
is arranged subsegquent to the inlet end 2331 of the injector
cup 233 in direction towards the outlet port 22 of the fuel
reservoir 20 along the pipe 231, i.e. in upstream direction
along the pipe 231. Further, the constrictor element 235 is
offset from the brazed connection 73 between the pipe 231 and
the injector cup 233 in direction towards the first end 2311
of the pipe 231. In other words, the brazed connection 73 is
arranged in a region subsequent to the threaded portions
2317, 2357 in direction towards the inlet end 2331 of the in-
jector cup 233 and towards the second end 2312 of the pipe
231, i.e. in downstream direction along the pipe 231. There-
fore, also in this embodiment, the risk for brazing material

to obstruct the orifice 2355 is particularly small.

Figure 4 shows a sectional view of a portion of a fuel deliv-
ery assembly according to a fourth exemplary embodiment. The

fuel delivery assembly according to the fourth embodiment
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corresponds in general to the fuel delivery assembly accord-

ing to the third embodiment.

In contrast thereto, the constrictor element 235 is shaped as
a cylindrical plug like in the first embodiment, not as a
hexagonal socket head cap screw as in the third embodiment.
Correspondingly, the pipe 231 and the constrictor element 235
do not have threaded portions 2317, 2357 as in the third em-

bodiment.

Rather, the internal surface 2314 of the pipe 231 has a first
step 2318 which is shaped and arranged to limit axial dis-
placeability of the constrictor element 235 in direction to-
wards the first end 2311 of the pipe 231 by means of a form-
fit connection with the external surface 2353 of the con-
strictor element 235, in particular with a front surface of
the constrictor element 235. In addition, a circumferential
portion of the external surface 2353 of the constrictor ele-
ment 235 may be in a force-fit connection with the internal
surface 2314 of a portion 2315 of the pipe 231 which extends
circumferentially around the constrictor element 235. In this
way, a predetermined position of the constrictor element 235
relative to the pipe 231 may be reliably set by means of the
form fit connection with the first step 2318 and the position
may be reliably retained against vibrations and gravity due
to the force-fit connection with the internal surface 2314 of

the pipe 231.

In addition to the above-mentioned first step 2318, the pipe
231 comprises a further step 2319 which is positioned between
the first step 2318 and the second end 2312 of the pipe 231.
The internal diameter of the pipe 231 decreases in stepwise
fashion in direction from the second end 2312 towards the

first end 2311 of the pipe 231 at the second step 2319 from a
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first to a second diameter and subsequently at the first step
2318 from the second to a third diameter. The external diame-
ter of the constrictor element is larger than the third diam-
eter, smaller than the first diameter and preferably has al-
most the same value as the second diameter so as to allow
press fitting of the constrictor element 235 into the pipe
231 through the second end 2312 thereof until it is stopped
at the first step 2318.

For producing the fuel rail assembly 1 of the fuel delivery
assembly according to the fourth embodiment, a ring of braz-
ing material, e.g. a copper ring, may be inserted through the
second end 2312 of the pipe 231 to engage in form fit connec-
tion with the further step 2319. During production of the
brazed connection 73 between the pipe 231 and the injector
cup 233, displaceability of the ring of brazing material is
expediently limited by the further step 2319 and by the nip-
ple 2335 of the injector cup 233 in opposite directions along
the pipe 231.

Analogously to the third embodiment, the constrictor element
235 may in this way be offset along the pipe 231 in direction
towards the first end 2311 of the pipe 231 with respect to
the inlet end 2331 of the injector cup 233 and to the brazed

connection 73.

The invention is not limited to specific embodiments by the
description on basis of these exemplary embodiments. Rather,
it comprises any combination of elements of different embodi-
ments. Moreover, the invention comprises any combination of
claims and any combination of features disclosed by the

claims.
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Fuel rail assembly (1) for delivering fuel to a plural-
ity of fuel injectors (2) comprising a tubular fuel
reservoir (20) with a plurality of outlet ports (22)
and a fuel delivery line (23) connected to each of the
outlet ports (22), wherein

each fuel delivery line (23) comprises a pipe (231) and
an injector cup (233), the injector cup (233) having an
outlet end (2332) for receiving a respective one of the
fuel injectors (2),

the pipe (231) has a first end (2311) which is hydrau-
lically and mechanically connected to the regpective
outlet port (22) and a second end (2312), remote from
the first end (2313), hydraulically and mechanically
connected to an inlet end (2331) of the injector cup
(233), remote from the outlet end (2332),

each fuel delivery line (23) further comprises a con-
strictor element (235) which has an orifice (2355) ex-
tending through the constrictor element (235),

the constrictor element (235) is inserted into the pipe
(231) so that an external surface (2353) of the con-
strictor element (235) is in form-fit and/or force-fit
connection with an internal surface (2314) of the pipe

(231) .

Fuel rail assembly (1) according to the preceding
claim, wherein the constrictor element (235) is ar-
ranged adjacent to the first end (2311) of the pipe
(231) and the pipe (231) is connected to the outlet
port (22) by means of a brazed connection (71) or
wherein the constrictor element (235) is arranged adja-

cent to the second end (2312) of the pipe (231) and the
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pipe (231) is connected to the injector cup (233) by

means of a brazed connection (72).

Fuel rail assembly (1) according to one of the preced-
ing claims, wherein the constrictor element (235) is
arranged in the pipe (231) such that a portion (2315)
of the pipe (231) extends circumferentially around the
constrictor element (235), the internal surface (2314)
of said portion (2315) being in press-fit connection
with the external surface (2353) of the constrictor el-

ement (235).

Fuel rail assembly (1) according to one of the preced-
ing claims, wherein the pipe (231) has a bend (2316) or
kink which is operable to engage into form-fit and/or
force-fit connection with the constrictor element

(235) .

Fuel rail assembly (1) according to one of the preced-
ing claims, wherein the internal surface (2314) of the
pipe (231) and the external surface (2353) of the con-
strictor element (235) have corresponding threaded por-
tions (2317, 2357) for establishing a threaded connec-
tion between the constrictor element (235) and the pipe

(231) .

Fuel rail assembly (1) according to one of the preced-
ing claims, wherein the internal surface (2314) of the
pipe (231) has a step (2318) which is operable to en-
gage in form-fit connection with the external surface

(2353) of the constrictor element (235).

Fuel rail assembly (1) according to one of the preced-

ing claims, wherein the constrictor element (235) is
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shifted into the first end (2311) of the pipe (231) and
projects from the first end (2311) into the outlet port
(22) .

Fuel rail assembly (1) according to one of the preced-
ing claims 1 to 6, wherein the constrictor element
(235) is shifted into the first end (231) of the pipe
(231) such that it is arranged completely inside the
pipe (231) and spaced apart from the first end (2311)
and in particular spaced apart from a brazed connection
(71) between the regpective outlet port (22) and the
pipe (231) in direction towards the injector cup (233).

Fuel rail assembly according to one of the preceding
claims 1 to 6, wherein the constrictor element (235) 1is
shifted into the second end (2312) of the pipe so that
it is arranged subsequent to the inlet end (2331) of
the injector cup (233) in direction towards the respec-

tive outlet port (22) of the fuel reservoir (20).

Fuel rail assembly (1) according to claims 9 and 5,
wherein the fuel delivery line (23) further comprises a
brazed connection (73) connecting the pipe (231) and
the injector cup (233) in a region subsequent to the
threaded portions (2317, 2357) in direction towards the
inlet end (2331) of the injector cup (233).

Fuel rail assembly (1) according to claims 9 and 6,
wherein the internal surface (2314) of the pipe (231)
has a further step (2319) positioned between said step
(2318) and the inlet end (2331) of the injector cup
(233), the fuel delivery line (233) further comprising
a brazed connection (73) connecting the pipe (231) and

the injector cup (233) in a region subsequent to the
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further step (2319) in direction away from said step
(2318) which is operable to engage in form-fit connec-
tion with the external surface (2353) of the constric-

tor element (235).

Fuel rail assembly (1) according to one of the preced-
ing claims, wherein a portion (2315) of the pipe (231)
extends circumferentially around the constrictor ele-
ment (235) and the constrictor element (235) and its

orifice (2355) are dimensioned such that the constric-
tor element (235) reduces the hydraulic diameter of

said portion (2315) of the pipe (231) by 50 % or more

<

and in particular by 90 % or less.

Fuel delivery assembly comprising a fuel rail assembly
(1) according to one of the preceding claims and the
fuel injectors (2), wherein each fuel injector (2) has
an inlet portion (11) which is shifted into the outlet
end (2332) of the respective injector cup (233).
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