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(54) A FUEL RAIL ASSEMBLY FOR A FUEL INJECTION SYSTEM FOR AN INTERNAL COMBUSTION 
ENGINE AND A METHOD FOR MANUFACTURING A FUEL RAIL ASSEMBLY

(57) In a fuel rail assembly for a fuel injection system
for an internal combustion engine, the fuel rail (2) com-
prises an elongate generally tubular body forming a fuel

reservoir and having a fuel inlet port (6), at least one or
more fuel outlet ports (10) and a sensor port (18) located
substantially within the fuel rail fuel reservoir.
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Description

[0001] The present disclosure relates to a fuel rail as-
sembly for a fuel injection system for an internal combus-
tion engine and particularly but not exclusively to a fuel
rail assembly for incorporation in a fuel injection system
for a multicylinder direct injection internal combustion en-
gine.
[0002] In known arrangements, the fuel rail comprises
an elongate reservoir for fuel in which the fuel is supplied
to a fuel inlet by a high-pressure fuel pump and the fuel
rail has spaced along its length fuel outlets for supplying
fuel to a fuel injector for injecting fuel directly into each
cylinder of the engine. The volume of fuel in the fuel rail
is intended to damp out fluctuations in the pressure of
the fuel supplied by the pump so that the pressure at
each outlet is equal and substantially constant.
[0003] In the known arrangements, the fuel rail is typ-
ically a substantial generally tubular element which has
to be strong enough to cope with the stresses of the load
applied to the fuel rail by the high pressure of fuel in the
reservoir and also to cope with the additional operating
stresses caused by the harsh environment in a vehicle
caused by vibration of the engine and the high temper-
atures to which the fuel rail is subjected. As a result, the
fuel rail tends to be heavy and costly to construct because
of the amount of material used in its construction. These
inherent problems are accentuated by the stress concen-
trations which inevitably arise in the region of the open-
ings in the fuel rail providing the fuel inlet and outlets.
[0004] Because of the limitations of these existing pro-
duction techniques, considerable restrictions are placed
on the freedom in positioning the fuel rail assembly and
the engine in the vehicle and locating other components
which must of necessity be adjacent the engine. Com-
ponents, which can cause packaging difficulties include,
for example, a fuel inlet port, and at least one or more
fuel outlet ports and are secured to the exterior of the
fuel rail by brazing. The fuel rail may include a sensor
port for a fuel pressure sensor which is brazed to the
exterior of the fuel rail. Such ports increase the space
required in the engine bay for the fuel rail assembly.
[0005] The present disclosure seeks to provide a so-
lution to reduce the space required for the fuel rail as-
sembly.
[0006] According to the present disclosure, there is
provided a fuel rail assembly for a fuel injection system
for an internal combustion engine. The fuel rail assembly
comprises a fuel rail comprising an elongate generally
tubular body forming a fuel reservoir, a fuel inlet port and
at least one or more fuel outlet ports and a sensor port.
The sensor port is located at least partially within the
interior volume of the fuel rail.
[0007] The sensor port has a body, which may be sub-
stantially tubular or cylindrical and has a bore for a sen-
sor. By locating the sensor port at least partially within
the interior volume of the fuel rail, the dimensions of the
outer contour of the fuel rail are reduced compared to

embodiments in which the sensor port is arranged to the
exterior of the fuel rail and protrudes from the wall of the
fuel rail. Thus, the fuel rail occupies less space.
[0008] The sensor port may be sized and shaped to
accommodate a sensor such as a fuel pressure sensor.
The position of the sensor port in the fuel rail may be
selected depending on the application, for example, de-
pending on the position in the fuel rail that the pressure
of the fuel should be measured. In some embodiments
more than one sensor port may be provided. This enables
the fuel pressure to be measured at different positions
within the fuel rail. The sensor positioned in the sensor
port is not limited to a fuel pressure sensor. Sensors for
sensing other parameters of the fuel, for example, tem-
perature may also be provided.
[0009] The location of at least part of the sensor port
within the interior volume of the fuel rail provides an ob-
stacle to the flow of fuel that may be used to dampen
fluctuations in fuel pressure. Pressure variations may
have adverse effects on the performance of the injectors
which can lead to excessive fuel injection or too little fuel
injection with the risk of causing potential damage to the
engine. By dampening the pressure fluctuations, an im-
proved harmonization of the internal pressure of the fuel
rail is provided so as to better control the pressure of the
fuel at the injector and better control the combustion proc-
ess. Emissions can be reduced.
[0010] In some embodiments, the sensor port has a
body, which may be substantially tubular or cylindrical
and has a bore for a sensor. The sensor port is located
in a hole in the wall of the fuel rail such that the body
protrudes into the interior volume of the fuel rail. In some
embodiments, the sensor port has an end that lies sub-
stantially flush with the exterior surface of the fuel rail.
The opening for the sensor provided by the bore in the
body, therefore, lies substantially flush with the exterior
surface of the fuel rail.
[0011] In some embodiments, at least 50% or 75% of
the volume of the sensor port is positioned within the
interior volume of the fuel rail. In some embodiments, the
opening of the sensor port through which the sensor is
inserted may be flush with the exterior surface of the fuel
rail so that the sensor port is positioned essentially en-
tirely within the interior volume of the fuel rail, in particular
within the tubular body.
[0012] In an embodiment, the disclosure provides a
fuel rail assembly for a fuel injection system for an internal
combustion engine, in which the sensor port has a gen-
erally cylindrical bore adapted to receive a sensor and
has an axis at an angle to the longitudinal axis of the fuel
rail, i.e. the axis of the sensor port is not parallel to the
longitudinal axis of the fuel rail so that the sensor can be
described as a radial sensor. In some embodiments, the
axis of the sensor port is at 90° to the longitudinal axis
of the fuel rail. The angle of the axis of the sensor port
with respect to the longitudinal axis of the fuel rail may
be selected depending on the engine design and/or po-
sition at which the sensor head should be positioned.
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[0013] The sensor port may be provided as a separate
component that is joined to the fuel rail, in particular in-
serted into a hole in the outer wall of the fuel rail so that
it is located at least partially within the interior volume of
the fuel rail. This separate component can be attached
to the fuel rail in various ways in a fluid-tight manner.
[0014] In some embodiments, the sensor port is locat-
ed in a hole in the wall of the fuel rail, extends into the
interior volume of the fuel rail and is brazed to the wall
of the fuel rail. The sensor port may have a peripheral
slot or shoulder adapted to receive a brazing paste or
ring. In another embodiment, a slot may be provided in
the wall of the fuel rail adjacent the sensor port for re-
ceiving a brazing paste or ring. In some embodiments,
the sensor port may be welded to the wall of the fuel rail
at the periphery of the hole.
[0015] In another embodiment, the sensor port is pro-
vided with a peripheral flange on its outer end which has
a diameter larger than the diameter of the hole in the fuel
rail, which serves to locate the sensor port on the fuel rail
wall. In some embodiments, the peripheral flange may
have a peripheral slot adjacent the exterior surface of the
fuel rail. The slot is adapted to receive a brazing paste
or brazing ring by which the sensor port is secured to the
fuel rail. In another form, the peripheral slot is formed in
the wall of the fuel rail.
[0016] In some embodiments, the sensor port is locat-
ed with a press fit in the hole in the fuel rail wall. In yet
another form of the sensor port, the sensor port is ar-
ranged to abut the opposing interior surface of the fuel
rail thereby to locate the sensor port in the desired posi-
tion. The sensor port may extend across the interior di-
ameter of the fuel rail to abut the opposing interior surface
of the fuel rail. In this arrangement, the axis of the sensor
port extends perpendicularly to the longitudinal axis of
the fuel rail. In other embodiments, the sensor portion
may extend at a tangent to the interior wall and not cross
the longitudinal axis of the fuel rail.
[0017] In some embodiments, the sensor port is inte-
grally formed with the tubular body. The fuel rail assembly
may be formed by an additive manufacturing technology
in order to form the sensor port integrally with the tubular
body. The fuel rail may be formed of a synthetic plastics
material or a metal such as stainless steel or other alloy.
In an embodiment, the additive manufacturing technolo-
gy uses alternative materials for certain parts of the fuel
rail assembly.
[0018] Additive manufacturing techniques may be
used to build up the fuel rail layer by layer. For example,
the elongate body and the sensor port may be built up
layer by layer using 3D (Three-dimensional) printing or
Powder Bed Fusion or Directed Energy Deposition. The
fuel rail may be built up layer by layer by movement of
the metal jet print head, laser or electron beam controlled
according to a three dimensional model of the fuel rail.
[0019] The sensor port is positioned partially or com-
pletely inside the main gallery of the fuel rail. A fuel rail
and a fuel rail assembly with reduced overall dimensions

are provided which simplifies installation of the fuel rail
in the engine environment. The fuel rail is applicable for
embodiments in which the sensor port is not parallel to
the main or longitudinal axis of the fuel rail or main gallery,
for example the sensor port protrudes radially from the
longitudinal axis. Additionally, the weight and cost of the
fuel rail is reduced due to reduction in the use of the
material.
[0020] The sensor port may be brazed to the main gal-
lery or fuel rail. The sensor port can be positioned with
respect to its axis by, for example, a press fit or a loose
fit and attached to the main gallery by welding which may
be inside the main gallery, or with a mechanical stop.
The mechanical stop may be achieved by the sensor port
having a portion having an external diameter larger than
the diameter of the hole in the wall of the fuel rail which
is used to position the sensor port with respect to the
main gallery. The mechanical stop may be, for example,
a flange at the opening to the sensor port. Alternatively,
the bottom surface of the sensor port may act as a me-
chanical stop.
[0021] In some embodiments, the lower part of the sen-
sor port is shaped so as to affect the flow of the fluid to
provide a desired flow. The position of the sensor port
within the fuel rail as well as the shape of the sensor port
including the bottom part can provide benefits in terms
of reducing pressure oscillation by interrupting or splitting
the total interior volume.
[0022] In some embodiments, two flat parallel surfaces
are provided in the external portion of the sensor, which
allow the application of the sensor tightening torque with-
out stressing the brazed connection between the sensor
port and the fuel rail.
[0023] Embodiments of the present invention will now
be described with reference to the accompanying draw-
ings.

Figure 1 shows a schematic view of a fuel rail as-
sembly,

Figure 2A shows a side sectional view of the fuel rail
and a sensor port,

Figure 2B shows an end view of the fuel rail and a
sensor port,

Figures 3A to 3C show sectional side views of three
embodiments of the sensor port,

Figures 4A to 4C show sectional side views of three
embodiments of the sensor port, and

Figure 5 shows a sectional side view of a sensor port
formed by an additive manufacturing technology.

[0024] Referring now to Figure 1, there is shown a fuel
rail assembly 2 which consists of an elongate generally
tubular fuel rail 4 which has a fuel inlet port 6 at one end.
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At the other end, the fuel rail 4 is closed by a blanking
plug 8. Spaced along the fuel rail 4 is a plurality of outlet
ports 10 including an injector cup 12 each adapted to
receive a fuel injector (not shown). Each injector cup 12
is connected to the fuel rail through a fuel outlet passage
14. Each fuel outlet passage 14 is secured to a mount
16 by which the fuel rail assembly is secured to the en-
gine.
[0025] A sensor port 18 is secured in the wall of the
fuel rail 4 so as to be located at least partially, and pref-
erably entirely, within the volume of the reservoir in the
fuel rail 4 so as to be substantially flush with the exterior
surface of the fuel rail 4.
[0026] Referring now to Figures 2A and 2B, there is
shown a cross-sectional side view of the fuel rail assem-
bly 2 of Figure 1 showing a sensor port 18 located within
the interior volume of the fuel rail 4 which is secured to
the wall 20 of the fuel rail. Although not shown, it is pos-
sible for the exterior surface of the sensor port 18 located
in the fuel rail 4 to be shaped so as to assist damping
pressure fluctuations occur the fuel being pumped into
the fuel rail 4. As shown, the sensor port 18 has a gen-
erally cylindrical shape terminating at its lower end in a
frusto-conical profile. The sensor port 18 has a cylindrical
chamber open at its external end which lies substantially
flush with the exterior surface of the fuel rail 4. The sensor
port 18 is adapted to receive a sensor (not shown), such
as a fuel pressure sensor.
[0027] As shown particularly in Figure 2B, the sensor
port 18 is located almost entirely within the volume of the
fuel rail 4. In this embodiment, the internal end of the
sensor port 18 is clear of and spaced apart from the op-
posite interior surface of the wall 20 of the fuel rail 4. In
other embodiments (not shown), the sensor port 18 abuts
the opposing interior surface of the wall 20 of the fuel rail
4, which serves to locate the sensor port 18 in the correct
position relative to the exterior surface of the fuel rail 4.
[0028] Referring now to Figures 3A to 3C, there is
shown sectional side views of part of the fuel rail 4 and
a sensor port 18 secured in the wall 20 of the fuel rail. In
Figure 3A, the sensor port 18 is a press fit in a hole in
the wall 20 where it is further secured by brazing. In Figure
3B, the sensor port 18 has a peripheral groove or slot 22
which is aligned with the wall 20 of the fuel rail. The slot
22 is filled with a brazing paste or a brazing ring such as
a copper ring to facilitate securely brazing the sensor port
18 to the wall 20 of the fuel rail 4.
[0029] In Figure 3C, the slot 22 is formed in the wall
20 of the fuel rail 4 and in the same way as the embod-
iment of Figure 3B, the slot 22 is filled with a brazing
paste or brazing ring to facilitate securely brazing the
sensor port 18 to the wall 20.
[0030] Referring now to Figures 4A to 4C, there is
shown an alternative embodiment in which the sensor
port 18 has a peripheral flange 24 which has a diameter
larger than the diameter of the hole in which the sensor
port 18 sits so that the flange 24 abuts the outer surface
26 of the wall 20 of the fuel rail 4 to locate the sensor port

18 in the desired position. In Figure 4A, the sensor port
18 is a press fit in the hole in the wall 20 where it is
preferably secured by brazing. In Figure 4B, the periph-
eral flange 24 has a peripheral undercut which forms a
slot 22 between the outer surface 26 of the wall 20 and
the lower surface of the peripheral flange 24. The slot 22
may be filled with a brazing paste or a brazing ring to
facilitate the secure brazing of the sensor port 18 to the
wall 20 of the fuel rail. In Figure 4C a peripheral slot 22
is formed in the outer surface 26 of the wall 20 of the fuel
rail 4 and the slot 22 is filled with a brazing paste or brazing
ring which abuts the underside of the peripheral flange
24 to facilitate the secure brazing of the sensor port 18
to the wall 20 of the fuel rail 4.
[0031] Referring now to Figure 5, there is shown an
alternative construction in which the sensor port 18 is
formed integrally with the wall 20 of the fuel rail 4. This
integral construction may be formed by an additive man-
ufacturing technology. By the use of additive manufac-
turing, it is possible to adjust the wall thickness of the
wall 20 and the sensor port 18 by forming a radiussed
fillet in the region of the junction between the two portions,
i.e. the sensor port 18 and the wall 20. This curved con-
tour may be used to prevent a stress concentration point
and to eliminate the possibility of leaks occurring at the
junction between the sensor port 18 and the wall 20 of
the fuel rail, which may occur when two separate com-
ponents are brazed together.
[0032] The sensor port 18 is positioned at least partially
and, in some embodiments, substantially entirely within
the interior volume of the fuel rail 4. Therefore, the space
occupied by the fuel rail assembly 2 is reduced.

REFERENCES

[0033]

2 Fuel rail assembly
4 Fuel rail
6 Fuel inlet port
8 Blanking plug
10 Outlet port
12 Injector cup
14 Outlet passage
16 Mount
18 Sensor port
20 Fuel rail wall
22 Slot
24 Peripheral flange
26 Outer surface

Claims

1. A fuel rail assembly for a fuel injection system for an
internal combustion engine, having a fuel rail (4)
comprising an elongate generally tubular body form-
ing a fuel reservoir and having a fuel inlet port (6)
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and at least one or more fuel outlet ports (10) and a
sensor port (18), the sensor port (18) being located
at least partially within the interior volume of the fuel
rail (4).

2. A fuel rail assembly for a fuel injection system for an
internal combustion engine, according to claim 1, in
which the sensor port (18) has a generally cylindrical
bore adapted to receive a sensor and has an axis at
an angle to the longitudinal axis of the fuel rail (4).

3. A fuel rail assembly for a fuel injection system for an
internal combustion engine, according to claim 2
wherein the axis of the sensor port (18) is at 90° to
the longitudinal axis of the fuel rail (4).

4. A fuel rail assembly for a fuel injection system for an
internal combustion engine, according to any one of
claims 1 to 3, wherein the sensor port (18) is located
in a hole in the wall (20) of the fuel rail (4) so as to
lie substantially flush with the exterior surface of the
fuel rail (4).

5. A fuel rail assembly for a fuel injection system for an
internal combustion engine, according to any one of
claims 1 to 4, wherein the sensor port (18) is brazed
to the wall of the fuel rail (4).

6. A fuel rail assembly for a fuel injection system for an
internal combustion engine according to claim 5,
wherein a peripheral slot (22) or shoulder adapted
to receive a brazing paste or ring is located at the
junction between the fuel rail wall (20) and the sensor
port (18).

7. A fuel rail assembly for a fuel injection system for an
internal combustion engine, according to claim 6,
wherein a slot (22) is provided in the wall of the fuel
rail (4) adjacent the sensor port (18) for receiving a
brazing paste or ring.

8. A fuel rail assembly for a fuel injection system for an
internal combustion engine, according to any one of
claims 1 to 7, wherein the sensor port (18) is provided
with a peripheral flange (24) on its outer end which
has a diameter larger than the diameter of the hole,
which flange serves to locate the sensor port (18) on
the fuel rail wall (20).

9. A fuel rail assembly for a fuel injection system for an
internal combustion engine, according to claim 8,
wherein the peripheral flange (24) has a peripheral
slot (22) adjacent the exterior surface of the fuel rail
(4) adapted to receive a brazing paste or brazing ring
by which the sensor port (18) is secured to the fuel
rail (4).

10. A fuel rail assembly for a fuel injection system for an

internal combustion engine, according to claim 8
wherein the peripheral slot (22 is formed in the wall
(20) of the fuel rail (4).

11. A fuel rail assembly for a fuel injection system for an
internal combustion engine, according any one of
the preceding claims, wherein the sensor port (18)
is located with a press fit in the hole in the fuel rail
wall (24).

12. A fuel rail assembly for a fuel injection system for an
internal combustion engine, according to any one of
the preceding claims, wherein the sensor port (18)
is arranged to abut the opposing interior surface of
the fuel rail (4) thereby to locate the sensor port (18)
in the desired position.

13. A fuel rail assembly for a fuel injection system for an
internal combustion engine, according to any one of
the preceding claims, wherein fuel rail (4) is formed
of a synthetic plastics material or a metal such as
stainless steel or other alloy.

14. A method of forming a fuel rail assembly according
to any one of the preceding claims by the use of an
additive manufacturing technology.

15. A method of forming a fuel rail according to claim 14,
wherein the additive manufacturing technology uses
alternative materials for certain parts of the fuel rail
assembly.

7 8 



EP 3 653 866 A1

6



EP 3 653 866 A1

7



EP 3 653 866 A1

8

5

10

15

20

25

30

35

40

45

50

55



EP 3 653 866 A1

9

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

