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Abstract Title: l.c. engine common rail fuel distribution system

The moulded fuel rail 12 is integrally moulded
with (a) a plurality of actuation means for
actuating the injection valves of respective fuel
injectors 14, and (b) integrally moulded fuel
outlet connectors 20 each having a groove 32
to engage by a snap-fit with an external rib 42
on the inlet end 38a of each injector valve unit
14. Each actuation means may be an
electromagnetic coil 22 or a piezoelectric stack.
A seal 36 may be provided in each connector
20. Each fuel injector valve unit 14 has a body
38 with a fuel inlet 40 and an external rib 42
adapted to be snap-fitted into a groove 32 in
the outlet connector 20 of the fuel rail 12. The
pressure of fuel supplied to the rail 12 is may
be typically at least 300 bar and as high as
1000-2000 bar.
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l 2391908

FUEL DISTRIBUTION SYSTEM

The invention relates to a fuel distribution system for use with an internal

combustion engine, and is more particularly concerned with a so called common
rail fuel injection system including a common rail which is sometimes referred to
as an accumulator volume. In particular, but not exclusively, the invention
relates to a fuel distribution system for use in a common rail fuel injection
system for a compression ignition internal combustion engine. The invention

also relates to a fuel injection system incorporating such a fuel distribution

system.

In known common fuel rail injection systems, it is usual for fuel injectors of the
system and the common rail to be separate components and for the injectors to
be connected to the rail by means of clips. Each injector commonly includes an
actuator arrangement having a solenoid or a stack of piezoelectric elements -
operable to control movement of a valve needle of an injection nozzle of the -
injector. The actuator arrangement is usually individually-electrically connected
to the engine wiring harness so as to allow actuator movement to be controlled
between ‘open’ and ‘closed’ positions. This mode of construction suffers from
the problems that the cor'n.ponez_lvts‘arg time cpnsuming to assemble, .a.nd‘a_lso that
it tesults in a large ainoun_i of loose wmng wi@hir} the enginé_ cdmpartr;ie’nt. .

It is an object of a first aspect of the present invention to provide a fuel

distribution system having simpler modes of assembly and installation than

known systems.



According to said first aspect of the present invention, there is provided a fuel
distribution system for distributing fuel to a plurality of fuel injectors, said

system comprising:

(i) a body defining a plurality of connectors which are adapted to be connected
with respective fuel injector valve units, and a fuel distribution passageway for

distributing fuel to the connectors, and-

(ii) a plurality of actuation means, each actuation means being associated with
one of the connectors so that, in use, the respective fuel injector valve units are

operatively connected to the actuation-means;
wherein the connectors are integrally formed with the body.

Each valve unit conveniently forms part of one of the fuel injectors, each of
which also includes an injection nozzle that is operable to control movement of
an associated valve needle to control fuel injection to the engine. The injection
nozzles need not, however, form part of the fuel distribution system of this
aspect of the invention.

Preferably; the body is a moulded b‘ody which is preferably in situ mouldéd -.

around the actuation means.

Preferably, each connector is arranged to receive its respective fuel injector

valve unit in a snap-fit fashion.



Preferably also, the system includes a connector tab which is integrally formed
with the body and which carries electrical terminals which are electrically

connected with the actuation means. More preferably, the terminals and wiring

connecting the terminals with the actuation means are in situ moulded within the
body.

Preferably, said actuation means associated with the or each connector is

positioned about an opening in the connector for receiving an armature of the

respective fuel injector valve unit.

The armature may be coupled to a valve member associated with the respective
valve unit. This valve member may be an injection nozzle valve needle or a

valve member that is operable to control movement of an injection nozzle valve

needle.

Each actuation means may comprise an electromagnetic coil or one or more

piezoelectric elements.

The fuel distribution passageway may include a common fuel conduit or passage
to define a “common rail”. A plurality of branch  passages may cxtend from the. .
fuel passage each for dehvenng fuel to an associated fuel i 1nJector valve unit. -
The common rail may be of linear form, may take the form of a linear array of
fuel passages, each as#ociated with a different one of the fuel injectors of the
system, or may include a central hub having radially extending fuel passages,

each for delivering fuel to a different one of said fuel injectors.



According to a second aspect of the present invention, there is provided a fuel
injection system comprising a fuel distribution systern' éccording to said first
aspect of the present invention, in combination with a plurality of fuel injectors,
each fuel injector including a valve unit which is engaged with or adapted to be

engaged with a respective one of the connectors of the fuel distribution system.

It will be understood that the body may be moulded so as to further define other

features associated with fuel injection systems, for example, an air intake
manifold.

In one embodiment, therefore, the fuel distribution system comprises;

(i) a body defining a plurality of connectors which are adapted to be connected
with_respective fuel injector valve units, and a fuel distribution passageway for

distributing fuel to the connectors, and

(ii) a pluraiity of actuation means, each actuation means being associated with
one of the connectors so that, in use, the respective fuel injector valve units are
operatively connected to the actuation means;

wherein the connectors are integrally formed with the body and with an air

intake manifold of the associated engine.

An embodiment of a common rail fuel distribution system of the present
invention will now be described, by way of example only, with reference to the

accompanying drawing which is a schematic cross sectional representation of a



common rail fuel distribution system according to one aspect of the present

invention.

Reiernng to the drawing, a common rail fuel distribution system 10 comprises a
fuel rail 12 and a plurality of fuel injector valve units 14. Each fuel injector valve
unit 14 forms part of a fuel injector unit, or fuel injector, that also includes an
injection nozzle operable under the control of the valve unit 14 to control fuel
injection to an associated engine cylinder or other combustion space. The nozzle
of the injector may take one of a variety of forms familiar to those skilled in‘ this

art, and so for simplicity the structural details are not shown in the

accompanying drawing.

The fuel rail 12 comprises a generally linear fuel conduit or passage 16
positioned within a body in the form of a linear moulded rail 18, the fuel conduit
16 being supplied, in use, with fuel from a high pressure fuel source (not
shown), such as a High pressure pump, in a known manner. Typically, the
pressure of fuel supplied to the fuel conduit 16 is at least 300 bar, and may be as
high as between about 1000 and 2000 bar. The fuel conduit 16 and the moulded
rail 18 have integrally formed fuel outlet connectors 20 formed therein. Each

fuel outlet, connector 20 is adapted to be connected with an assoc1ated one of the
‘fuel injector. vilve units 14

The moulded rail 18 is formed of an electrically insulating material (e.g. a
temperature resistant resin or plastic) and has electromagnetic windings 22,
forming part of an associated actuation means, integrally moulded therein. Each

electromagnetic winding 22 is positioned within the moulded rail 18 in the



region of each of the connectors 20 so as to surround a bore 24 provided in the
latter. Each connector bore 24 defiﬁes', at least in part, a brahc'h passage from the
fuel conduit 16 through which fuel is supplied from the coﬁduit 16 to the valve
unit 14. The moulded rail 18 is in sitw moulded around copper wires 26 forming
electrical connections with the respective windings 22 and leading o terminals
28 on a connector tab 30. The connector tab 30 is also integrally moulded with -
the rail 12 and allows connection of the windings 22 to an electronic valve
control apparatus (not shown) which causes the windings 22 of the actuation
means to be energised individually at the correct times and in the correct

sequence in a known manner.

Each fuel injector valve unit 14 comprises a body 38 having a first end 38a
adapted to have its associated injection nozzle (not shown) fitted thereto, and a
second end 38b having a fuel inlet 40 and an external annular rib 42 adapted to
be snap-fitted into the groove 32 in the fuel outlet connector 20. The fuel inlet 40
receives high pressure fuel through the branch passage defined by the bore 24 of
the connector 20. |

The connectors 20 terminate at their ends distal to the fuel conduit 16 in snap-fit
connectors including annular grooves 32 in the walls of the connectors 20. The
free end of each connector 20 has a ﬂared lead in surface 34 and is axially spht
s0 as to facilitate deformation to permit snap-engagement of the valve unit 14
into the connectors 20. A seal 36, for example an O-ring, is provided in each
connector 20 so that, when one of the valve units 14 is snap-engaged in the
connector 20, a fluid-tight seal is formed therebetween to substantially prevent

leakage of fuel.



Each valve unit 14 further includes an armature (not shown) that is movable with
a valve member of the associated injector. The valve member is movable with

the arrnature between first and second positions and the valve unit 14 is

preferably configured such that, when the valve member is in the first position,
fuel is able to flow from the fuel inlet 40, in use, through the injection nozzle to
a nozzle outlet for injection to the associated engine cylinder. When the valve
member is in the second position, fuel injection into the engine cylinder is
prevented. Conveniently, the armature is disposed adjacent to the winding 22 so
that when the latter is energised, the valve member is caused to move to the'ﬁrst

position in which fuel injection occurs through the nozzle outlet.

In use, fuel is supplied to the common rail 12 from the high pressure fuel source
(not shown) at a substantially constant pressure. When fuel is to be supplied to
one of the fuel injectors (not shown) through its associated valve unit 14, the
electromagnetic winding 22 associated with the fuel outlet connector 20 in which
the valve unit 14 is located is energised by the electronic valve control apparatus.
Energisation of the winding 22 results in the armature and its associated valve
member being moved from its second position into its first position, thereby
permitting fuel to be injected into the engine. De-energisation of the winding 22

results in the valve member movmg to its second posmon to terrmnate the supply
of fuel to the engme cylinder.

This cycle is repeatable for each valve unit 14 under the control of the electronic
valve control apparatus associated with the common rail distribution system 10

and allows fuel to be injected by each fuel injector at the appropriate time in the
cycle.



It will be understood that a further embodiment can be envisaged in which the
armature within the valve unit 14 takes the form of or includes a piezoelectric
stack. In such an embodiment the actuator means includes electrical connectors

for supplying a voltage across the piezoelectric stack.

The injection nozzle may be of a direct actuation type, in which the armature is
mechanically coupled to a valve needle (the valve member) of the injection
nozzle to control injection through the nozzle outlet. Alternatively the injection
nozzle may include an hydraulic amplifier arrangement so that the actuator is
operable to control fuel pressure within a control chamber, optionally through a
differential piston arrangement. In the latter case the armature of the actuator
arrangement may be coupled to a valve member which is actuable between its
first and second positions to control fuel pressure within the control chamber. By.
controlling fuel pressure within the control chamber movement of an injection

nozzle valve needle is controlled so as to control injection through the nozzle

outlet.

In the embodiment shown in the accompanying drawing, the rail 12 is generally
of linear form, including a linear fuel conduit 16 and laterally extending branch
passages (defined at least in part by the bores 24 in the connectors 20). In an
alternative embodlment the rail 12 may be of gencrally sphencal form witha ' |
plurality of radially extending branch passages, each supplying fuel to a

respective one of the injectors.



CLAIMS

1. A fuel distribution system for distributing fuel to a plurality of fuel

injectors, said system comprising:

) a body defining a plurality of connectors which are adapted to be
connected with respective fuel injector valve units, and a fuel distribution

passageway for distributing fuel to the connectors, and

(i)  aplurality of actuation means, each actuation means being associated
with one of the connectors so that, in use, the respective fuel injector valve umts

are operatively connected to the actuation means;

wherein the connectors are integrally formed with the body.

2. A fuel distribution system according to Claim 1, wherein the body is a
moulded body.
3. N . A fuel dxstnbunon system accordmg to Claim 2, wherem the body is in -

sztu moulded around the actuation means.

4, A fuel distribution system according to any one of Claims 1 to 3, wherein

each connector is arranged to receive its respective fuel injector valve unit in a
snap-fit fashion.
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s A fuel distribution system according to any one of Claimis 1 to 4, wherei_ri ‘
the system includes a connector tab which is integrally formed with the body and
which carries electrical terminals which are electrically connected with the

actuation means.

6. A fuel distribution system according to any one of Claims 1 to 5, wherein
the terminals and wiring connecting the terminals with the actuation means are in

situ moulded within the body.

7. A fuel distribution system according to any one of Claims 1t0 6, wherein
said actuation means associated with the or each connector is positioned about
an opening in the connector for receiving an armature of the respective fuel

injector valve unit.

8. A fuel distribution system according to any one of Claims 1 to 7, wherein

)

each actuation means is an electromagnetic coil.

0. A fuel distribution sysfem according to any one of Claims 1 to 7, wherein

. each actuation means is one or more piezoelectric elements.

10. A fuel distribution system according to any one of Claims 1 to 9, wherein
each actuation means is operable to control a valve needle of the associated fuel

injector directly, said valve needle being movable to open and close a nozzle

outlet.



11

- 11. A fuel distribution system according to any one of Claims 1 to 9, wherein
each actuation means is operable to control movement of a valve member of the

associated valve unit, and thereby to control movement of a valve needle of the

associated fuel injector indirectly, said valve needle being movable to open and

close a nozzle outlet.

12. A fuelinjection system comprising a fuel distribution system according to
any of Claims 1 to 11, in combination with a plurality of fuel injectors, each fuel
injector including a valve unit which is engaged with or adapted to be engaged

with a respective one of the connectors of the fuel distribution system.

13. - A fuel injection system as claimed in Claim 12, for use in a compression

ignition internal combustion engine.
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