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(54) THREADED FUEL RAILS

(57)  Afuel rail assembly for gasoline direct injection

fuel delivery to an engine. The assembly has a common

rail tube (10). In the tube (10) there are threaded orifices
(21) extending laterally. Injector sockets (12) are adapted
to mate with the threaded orifices (21). Each injector
socket (12) has a proximal nipple end region (22) con-
nected to the tube (10) and a distal end region (24)
through which fuel is delivered to the engine. Screw

threads (26) are disposed around the proximal nipple end
region (22). The screw threads (26) include a lead thread
that is received by the threaded orifices (21), thereby
forming mechanical connections between the injector
sockets (12) and the tube (10) that are adapted to with-
stand maximum pressures of fuel up to 20 Mpa (2900
psi).
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Description

[0001] The technical domain of the invention relates to
threaded fuel rails.

TECHNICAL FIELD

[0002] One aspect of this disclosure incudes a fuel rail
assembly for gasoline direct injection fuel delivery to an
engine.

BACKGROUND ART

[0003] To deliver fuel to direct injection internal com-
bustion engines, a fuel rail or tube is often provided. Fre-
quently, the main fuel is gasoline. Current high pressure
fuel rail assemblies are made of a stainless steel tube
and numerous stainless steel components such as injec-
tors that are tack welded and thermally brazed together
into a complete assembly. Current rail operating pres-
sures are around 20 MPa (2900 PSI) maximum. Con-
ventional designs have some difficulty in dealing with a
higher maximum pressure of approximately 30 MPa
(4400 PSI) and beyond. Such pressures raise concerns
as to the integrity and reliability of the brazed joint con-
nection.

[0004] One of the concerns on any welded or brazed
joint is the inability to easily verify the reliability of the
connection. A brazed joint can visually look satisfactory
but be compromised due to variations in the braze proc-
ess. At higher pressures this would raise concerns about
rail safety and performance.

[0005] Japanese patent Laid-Open No. 2005-69023
for example discloses a tube or rail along which fuel trav-
els under pressure. Through holes are defined in a wall
section of the tube. The fuel rail is formed of diverging
branch pipes. As with other prior art disclosures, metal
fittings are connected to the tube by a brazing step after
the metal fittings are inserted into through holes provided
in a peripheral wall section of the main rail.

[0006] When the fuel rail and fuel injectors are subject-
ed to high pressures in direct injection gasoline engines,
for example, there is sometimes a tendency for fuel to
leak, especially if a positional accuracy and roughness
sealing surfaces are suboptimal. See, e.g., Japanese
patent Laid-Open No. 2003-129920. If the fuel rail is as-
sembled by brazing, there may be adverse consequenc-
es to dimensional accuracy and predictability adjacent
to a fuel injector holder. If tolerances are exceeded, fuel
leakage problem may occur. In some situations, it may
be difficult to correct out-of-tolerance circumstances be-
cause the wall thickness of the rail is prohibitively thick.
Additionally, remedial measures may weaken a seal
since the brazing filler metal may accumulate at the junc-
tion between a seal ring and the injector holder. Surface
roughness of a sealing surface may thereby be caused.
[0007] Fuel rails made of aluminum for direct-injection
internal combustion engines cannot be used where in-
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jection pressures may reach 150-250 MPa. This is be-
cause the strength of aluminum is low. Further, the fuel
rail may have disadvantageous layout characteristics be-
cause the wall thickness of the rail must be sufficient to
withstand high fuel pressures. Consequently, production
costs rise because contact surfaces with fuel must be
treated by expensive surface treatment protocols. This
may be required if the aluminum fuel rail is sensitive to
alcohol and corrosive fuel.

[0008] Among the art considered before filing this pat-
ent application are: USPN 8,596,246; USPN 8,844,500;
USPN 8,844,502; USPN 8,074,624; EP 2284385; and
EP 2333302.

SUMMARY

[0009] One aspect of this disclosure involves gasoline
direct injection fuel delivery systems in which screw
threads are provided on the components to be assem-
bled. This allows for process control that will ensure a
reliable connection that can withstand increased pres-
sure and performance requirements. As described fur-
ther below, one departure from conventional approaches
and structures includes the method of attachment of in-
jectors to the tube. A brazing step is no longer used. This
attachment method and significantly increases allowable
rail pressure and structural reliability while decreasing
rail cost.

[0010] In one form, the present disclosure relates to a
fuel rail (a delivery pipe) for supplying high pressure fuel
from fuel booster pumps. Fuel is injected through a fuel
injector (an injection nozzle) into an engine cylinder.
[0011] One embodiment of a fuel rail assembly for
gasoline direct injection fuel delivery to an engine in-
cludes a common rail tube with internal and external
walls, an upstream end and a downstream end. The tube
has one or more threaded orifices extending between
the internal and external walls. Injector sockets are
threadingly engaged with the orifices.

[0012] Each of the injector sockets has a proximal nip-
ple end region connected to the tube and a distal end
region. Screw threads are disposed around the proximal
nipple end region. At the tube and at the proximal end of
the injector socket, the screw threads begin with a lead
thread and thus form registered mechanical connections
between the injector sockets and the tube that are adapt-
ed to withstand higher maximum pressures than those
at which conventional fuel rail assemblies can operate
safely.

[0013] An orientation notchis provided in the distal end
region of at least some of the injector sockets. The lead
thread of an injector socket is defined so that it is aligned
with an associated orientation notch, which has its own
lead thread. After exerting a pre-defined rotational force
to the injector socket, the associated orientation notch is
situated in a home position after threading engagement
of the proximal nipple end regions of the one or more
injector sockets by the tube. Thus, a pre-defined angular
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position of the injector sockets is created after torquing
the injector sockets. In the predefined angular position,
mechanical connections thereby formed seal the joints
between the tube and the injector sockets.

[0014] In some embodiments, the fuel rail assembly
has end threads defined in the internal wall of the tube
at its the upstream and downstream ends. A fuel inlet
with threads engages the upstream end thread at the
upstream end of the tube. An end cap sensor boss with
threads engages the downstream end thread at the
downstream end of the tube.

[0015] The disclosed structure is expected to be used
at higher maximum pressures equal to or in excess of
approximately 35 MPa (5000 PSI) and will address con-
cerns as to the integrity and reliability of conventional
brazed joint connection.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

FIG. 1 is a quartering perspective view of a threaded
fuel rail assembly according to one embodiment of
the invention;

FIG. 2 is a top view thereof;

FIG. 3 is a longitudinal sectional view taken along
the line 3-3 in FIG. 2;

FIG. 4 is a sectional view of the fuel rail assembly
taken along the line 4-4 in FIGS. 2 and 5; and

FIG. 5 is an enlargement of one representative in-
jection socket shown in FIG. 3.

DETAILED DESCRIPTION OF THE INVENTION

[0017] One aspect of this disclosure involves gasoline
direct injection fuel delivery systems that operate under
pressures that may be as high as 35 MPa (5000 PSI).
Preferably, precisely oriented screw threads are provid-
ed on the components to be assembled. This allows for
process control that will ensure a reliable connection be-
tween a tube 10 and an injector socket 12 that can with-
stand the increased pressure and performance require-
ments (FIGS. 1-5). As described further below, one de-
parture from conventional approaches and structures in-
cludes the method of attachment of the injectors 12 to
the tube 10. A brazing step is no longer used. The dis-
closed attachment method allows safe and reliable op-
eration under high rail pressures and provides structural
reliability while decreasing rail cost.

[0018] In one form, the present disclosure relates to a
fuel rail (a delivery pipe, 10) for supplying high-pressure
fuel from fuel booster pumps through an inlet 11. Fuel is
injected through a fuel injector (an injection nozzle, 12)
directly into an engine cylinder 13.
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[0019] One embodiment of a fuel rail assembly for
gasoline direct injection fuel delivery to an engine in-
cludes a common rail tube 10 with internal 14 and exter-
nal 16 walls, an upstream end 18 and a downstream end
20. The tube 10 has one or more threaded orifices 21
extending between the internal and external walls 14, 16.
Injector sockets 12 are threadingly engaged with the or-
ifices 32.

[0020] Each of the injector sockets 12 has a proximal
nipple end region 22 to be connected to the tube 10 and
a distal end region 24. Screw threads 26 are disposed
around the proximal nipple end region 22. The screw
threads 26 begin with a lead thread which mates with a
lead thread 30 in an aperture 32 that extends through
the tube wall, thereby forming mechanical connections
between the injector sockets 12 and the tube 10 that are
adapted to withstand higher maximum pressures than
those at which conventional fuel rail assemblies can op-
erate safely.

[0021] An orientation notch 34 is provided in the distal
end region 24 of at least some of the injector sockets 12.
On a given injector socket, the lead thread 28 is formed
so that it is aligned with an associated orientation notch
34. The orientation notch 34 is oriented before engage-
ment with the tube 10 in relation with a longitudinal axis
A - A of the tube 10. After threading engagement of the
proximal nipple end regions 22 of the one or more injector
sockets 12 and after subjecting the injector nozzle 12 to
a predefined torque, the injector sockets 12 are turned
into registration with the tube 10 so that their rotational
movement ends at a home or seated position (e.g. 20
degrees, FIG. 2). Inthat position, sealed mechanical con-
nections are thereby formed between the tube 10 and
the injector sockets 12.

[0022] In some embodiments, the fuel rail assembly
has end threads defined in the internal wall at the up-
stream 18 and downstream ends 20 of the tube 10. A
fuelinlet 38 (FIG. 3) with threads engages the upstream
end thread at the upstream end 18 of the tube 10. An
end cap sensor boss 44 with threads engages the down-
stream end thread at the downstream end 20 of the tube.
[0023] As required, detailed embodiments of the
present invention are disclosed herein; however, it is to
be understood that the disclosed embodiments are mere-
ly exemplary of the invention that may be embodied in
various and alternative forms. The figures are not nec-
essarily to scale; some features may be exaggerated or
minimized to show details of particular components.
Therefore, specific structural and functional details dis-
closed herein are not to be interpreted as limiting, but
merely as a representative basis for teaching one skilled
in the art to variously employ the present invention.
[0024] While exemplary embodiments are described
above, it is not intended that these embodiments de-
scribe all possible forms of the invention. Rather, the
words used in the specification are words of description
rather than limitation, and it is understood that various
changes may be made without departing from the spirit
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and scope of the invention. Additionally, the features of 5. The fuel rail assembly of claim 1, further comprising
various implementing embodiments may be combined end threads defined in the internal wall at the down-
to form further embodiments of the invention. stream ends of the tube; and
an end cap sensor boss with threads that engage
5 the downstream end thread at the downstream end
Claims of the tube.
1. Afuel rail assembly for gasoline direct injection fuel 6. The fuel rail assembly of claim 1, wherein the max-
delivery to an engine, the assembly comprising imum pressure is 2900 psi.

a common rail tube with a longitudinal axis, internal 70

and external walls, an upstream end and a down-

stream end, the tube having

one or more threaded orifices extending between

the internal and external walls; and

one or more injector sockets thatare adaptedtomate 75

with the threaded orifices, each injector socket hav-

ing

a proximal nipple end region connected to the tube

and a distal end region through which fuel is deliv-

ered to the engine; 20

screw threads disposed around the proximal nipple

end region, the screw threads including a lead

thread, the screw threads being received by the one

or more threaded orifices, thereby forming one or

more mechanical connections between the injector 25

sockets and the tube that are adapted to withstand

a maximum pressure of fuel;

an orientation notch provided in the distal end region

of at least some of the injector sockets, the lead

thread of an injector socket being formed so that it 30

is pre-aligned with an associated orientation notch,

the orientation notch being located in relation to the

longitudinal axis after threading engagement of the

proximal nipple end regions of the one or more in-

jector sockets with the tube at a pre-defined angular 35

position in relation to the longitudinal axis of the tube

after torquing the injector sockets to seal the me-

chanical connections thereby formed between the

tube and the injector sockets.

40

2. Thefuel rail assembly of claim 1, further comprising

end threads defined in the internal wall at the up-

stream and downstream ends of the tube;

a fuel inlet with threads that engage the upstream

end thread at the upstream end of the tube; and 45

an end cap sensor boss with threads that engage

the downstream end thread at the downstream end

of the tube.

3. The fuel rail assembly of claim 1 wherein imaginary 50
centers of the one or more threaded orifices are
aligned with the longitudinal axis.

4. The fuel rail assembly of claim 1, further comprising
end threads defined in the internal wall at the up- 55
stream end of the tube; and
a fuel inlet with threads that engage the upstream
end thread at the upstream end of the tube.
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