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(54) Fuel system

(57) A fuel system comprising a fuel injector (13)
having a delivery chamber (18) for fuel, a valve needle
(16) which is engageable with a seating to control fuel
delivery through an outlet opening (20) and a control
valve arrangement (28) for controlling communication
between a source (10) of pressurised fuel and the de-
livery chamber (28). The fuel system further comprises
means (34, 64) for applying a force to a surface of the
valve needle (16) so as to urge the valve needle against
the seating should the control valve arrangement (28)
fail.

The fuel system may be arranged such that, upon
opening or closing movement of a control valve member
(30) of the control valve arrangement (28), pressurised
fuel is applied to a surface associated with the valve
needle (16). This provides the advantage that opening
or closing movement of the valve needle (16) is delayed,
thereby enabling control and consistency of the injection
of small amounts of fuel to be improved.
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Description

[0001] This invention relates to a fuel system for use
in supplying fuel under pressure to a combustion space
of a compression ignition internal combustion engine. In
particular, the invention relates to a fuel system of the
common rail type.
[0002] In a known common rail system, a plurality of
individually actuable fuel injectors are connected to a
common rail which is charged with fuel to a high pres-
sure by a suitable high pressure fuel pump. Each injec-
tor includes a main control valve which controls commu-
nication between the common rail and a delivery cham-
ber of the injector defined, in part, by surfaces of a nee-
dle of the injector. The valve needle surfaces are orien-
tated such that the application of fuel under pressure to
the delivery chamber applies a force to the needle urg-
ing the needle away from a seating to allow the delivery
of fuel to one or more outlet openings. The main control
valve is typically arranged such that when the delivery
chamber is not in communication with the common rail,
the delivery chamber communicates, through the con-
trol valve, with a low pressure drain reservoir.
[0003] Such an arrangement is disadvantageous in
that should the main control valve become stuck in an
open, or a partially open position, there is an undesirable
delivery of fuel to the engine cylinder or other combus-
tion space.
[0004] It is known to provide a "flow fuse" in the fuel
flow path between the source of fuel at high pressure
and the nozzle body of the fuel injector, the flow fuse
acting to ensure that the supply of fuel to the nozzle body
is terminated if the fuel flow becomes too high, for ex-
ample if the control valve arrangement becomes stuck
in an open position. However, flow fuses do not work
well in situations where the flow rate is low but is con-
tinuous, for example if the control valve arrangement be-
comes stuck in a partially open position.
[0005] It is an object of the present invention to over-
come the aforementioned problems.
[0006] According to a first aspect of the present inven-
tion there is provided a fuel system comprising a fuel
injector having a delivery chamber for fuel and a valve
needle engageable with a seating to control fuel delivery
through an outlet opening, a control valve arrangement
for controlling communication between a source of pres-
surised fuel and the delivery chamber, and means for
applying a force to a surface of the valve needle to urge
the valve needle against the seating should the control
valve arrangement become stuck in a partially open po-
sition.
[0007] The invention provides the advantage that,
should the control valve become stuck in a partially open
position, for example due to contamination of the control
valve seating by dirt or debris, the valve needle is urged
against its seating to terminate fuel injection. Thus, un-
desirable injection of fuel is avoided.
[0008] The control valve may include a control valve

member which is resiliently biased towards a closed po-
sition in which communication between the source of
pressurised fuel and the delivery chamber is broken.
Conveniently, the control valve is moveable to an open
position in which fuel is permitted to flow from the source
to the delivery chamber so as to commence fuel injec-
tion.
[0009] The control valve member may have an inter-
mediate position between the open and closed posi-
tions, the control valve arrangement being arranged
such that, when the control valve member is in the in-
termediate position, pressurised fuel from the source
applies a force to the valve needle which serves to urge
the valve needle against its seating.
[0010] The control valve member may become stuck
in its intermediate position if, for example, the valve
seating for the control valve member becomes contam-
inated or damaged.
[0011] The fuel system may include a passage which
communicates with the source of pressurised fuel when
the control valve member is in the intermediate position.
Conveniently, the fuel injector may include a chamber
in communication with the passage, a surface associat-
ed with the valve needle being exposed to fuel pressure
within the chamber.
[0012] This provides the advantage that, when it is de-
sired to terminate injection and the control valve mem-
ber is moved from its open position to its closed position,
passing through the intermediate position, there is a
temporary increase in fuel pressure in the chamber as-
sociated with the valve needle which applies a force to
the valve needle, thereby serving to aid rapid closure of
the valve needle. As closure of the valve needle is
achieved relatively rapidly, fuel injection is terminated
when fuel pressure within the delivery chamber is still
relatively high, thus emissions are improved.
[0013] Additionally, when it is desired to commence
injection, and the control valve member is moved from
its closed position to its open position, passing through
the intermediate position, the valve needle will remain
seated for a short period of time, prior to injection, due
to the increased fuel pressure within the chamber ap-
plying an increased force to the valve needle. The con-
trol valve member is therefore able to move to its fully
open position prior to opening movement of the valve
needle. This permits relatively small injections of fuel to
be controlled with greater accuracy.
[0014] The passage may be provided with a pressure
regulator arranged to hold fuel pressure in the delivery
chamber at a predetermined value when the control
valve member occupies the closed position.
[0015] The pressure regulator may take the form of a
spring biased non-return valve located, in use, between
the control valve arrangement and a low pressure drain
reservoir.
[0016] Conveniently, movement of the control valve
member may be controlled by controlling fluid pressure
applied to a surface associated with the control valve
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member.
[0017] The fuel system may further comprise a further
valve arrangement for controlling fluid pressure applied
to the surface associated with the control valve member.
The further valve arrangement may include a further
valve member which is biased towards a closed position
by resilient bias means, movement of the valve member
into an open position being controlled by means of an
actuator, for example an electromagnetic actuator.
[0018] The fuel system may include a spring, or other
resilient biasing means, for biasing the control valve
member towards the closed position.
[0019] According to a second aspect of the present
invention, there is provided a fuel system comprising a
fuel injector having a delivery chamber for fuel, a valve
needle engageable with a seating to control fuel delivery
through an outlet opening, a control valve arrangement
for controlling communication between a source of pres-
surised fuel and the delivery chamber, the control valve
arrangement including a control valve member movable
between open and closed positions, the system being
arranged such that, upon opening or closing movement
of the control valve member, pressurised fuel is applied
to a surface associated with the valve needle to urge the
valve needle against its seating.
[0020] Conveniently, the control valve arrangement
includes a control valve member, said means for apply-
ing a force to a surface of the valve needle including a
passage which communicates with the source of pres-
surised fuel upon closing movement of the control valve
member, the passage delivering fuel to a chamber as-
sociated with the fuel injector so as to increase the force
urging the valve needle towards its seating.
[0021] The invention will further be described, by way
of example, with reference to the accompanying draw-
ings in which:

Figure 1 is a schematic view of a fuel system in ac-
cordance with an embodiment of the invention, and

Figure 2 is a diagrammatic view of a fuel injector
forming part of the fuel system in Figure 1.

[0022] Referring to Figures 1 and 2, a fuel system in-
tended for use in supplying fuel to a compression igni-
tion internal combustion engine comprises a common
rail 10 arranged to be charged with fuel to a high pres-
sure by an appropriate fuel pump (not shown). The com-
mon rail 10 is connected through passages 12 (only one
of which is shown) to a plurality of fuel injectors 13 (only
one of which is shown). As shown in Figure 2, each fuel
injector 13 includes a nozzle body 14 provided with a
blind bore within which a valve needle 16 is slidable. The
needle 16 and the bore together define a delivery cham-
ber 18 for fuel. The valve needle 16 is engageable with
a seating to control communication between the delivery
chamber 18 and a plurality of outlet openings 20 located
downstream of the seating. The valve needle 16 in-

cludes thrust surfaces exposed to fuel pressure within
the delivery chamber 18 and orientated such that the
application of fuel under high pressure to the delivery
chamber 18 applies a force to the valve needle 16, urg-
ing the valve needle 16 away from its seating.
[0023] The end of the valve needle 16 remote from
the seating engages a spring abutment member 22
which, in turn, engages an end of a helical compression
spring 24 which serves to urge the valve needle 16 to-
wards its seating. The delivery chamber 18 communi-
cates with a supply passage 26 for fuel, the supply of
high pressure fuel from the common rail 10, through the
passage 12 to the supply passage 26 being controlled
by means of a control valve arrangement 28. The control
valve arrangement 28 includes a control valve member
30 (illustrated diagrammatically in the drawing) which is
movable against the action of a spring 32. The control
valve member 30 is movable between a first, closed po-
sition (position 1, as shown in Figure 1) in which the sup-
ply passage 26 communicates through the control valve
arrangement 28 with a second passage 34 and an open
position (position 3) in which the common rail 10 com-
municates through the passage 12 and the control valve
arrangement 28 with the supply passage 26 to supply
fuel under high pressure to the delivery chamber 18. The
control valve member is also movable through an inter-
mediate position (position 2) between the closed posi-
tion (position 1) and the open position (position 3). The
control valve arrangement 28 is arranged such that, up-
on movement of the control valve member 30 between
the open and closed positions, the control valve member
30 passes through the intermediate position in which fu-
el is briefly able to flow from the passage 12, through
the control valve arrangement 28 and into the second
passage 34, as will be described in further detail here-
inafter.
[0024] Movement of the control valve member 30 is
controlled by means of a further valve arrangement 36.
The valve arrangement 36 is supplied with hydraulic oil
from a source 38 through a third passage 40. The valve
arrangement 36 includes a control valve member 42
which is biased by means of a spring 44 into a closed
position (position A, as shown in Figure 1) in which hy-
draulic oil is unable to flow from the third passage 40,
through the control valve arrangement 36 to a fourth
passage 46 downstream of the valve arrangement 36.
The control valve member 42 is movable to an open po-
sition (position B) in which the source 38 communicates
through the third passage 40 and the valve arrangement
36 with the fourth passage 46. The fourth passage 46
communicates with an additional passage 48 in commu-
nication with a control valve chamber, referred to gen-
erally as 29, associated with the control valve arrange-
ment 28 such that, when the control valve member 42
is in the open position, hydraulic oil is supplied to the
control valve chamber 29 to apply a force to the control
valve member 30 which serves to move the control valve
member 30 to its open position, against the action of the
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spring 32, so as to permit fuel within the passage 12 to
flow to the supply passage 26. The fourth passage 46
includes a restriction 46a which serves to limit the rate
of fuel flow through the fourth passage 46 to a low pres-
sure oil reservoir 50. When the control valve member
42 is moved to the closed position, fuel within the control
valve chamber 29 associated with the control valve ar-
rangement 28 is able to flow through the additional pas-
sage 48, into the fourth passage 46 and to the low pres-
sure drain. Movement of the valve member 42 may, for
example, be controlled by means of an electromagnetic
actuator (not shown).
[0025] The second passage 34 with which the supply
passage 26 communicates when the control valve
member 30 is in its closed position (position 1) includes
a flow restrictor 52 which serves to limit the rate at which
fuel is able to flow along the second passage 34 to a low
pressure fuel reservoir 60. The second passage 34 also
includes a pressure regulator 54 which takes the form
of a spring biased non-return valve including a valve
member 56 biased into engagement with the seating by
a helical compression spring 58. It will be appreciated
that, in an alternative embodiment of the invention, the
pressure regulator 54 may be located elsewhere within
the fuel system, for example it may form part of the fuel
injector 13.
[0026] The second passage 34 communicates,
through a further passage 62, with a chamber 23 asso-
ciated with the valve needle, fuel delivered to the cham-
ber 23 acting on a surface associated with the valve nee-
dle 16 so as to apply a force to the valve needle 16 which
urges the valve needle 16 against its seating.
[0027] In use, in the position shown in Figure 1, the
valve member 42 is biased into its closed position by
means of the spring 44 such that oil from the source 38
is unable to flow through the third passage 40 and the
valve arrangement 36 into the control valve chamber 29.
The control valve member 30 therefore adopts its closed
position in which high pressure fuel from the common
rail 10 is unable to flow through the passage 12 and the
control valve arrangement 28 to the supply passage 26.
The valve needle 16 therefore remains seated against
its seating due to the spring force and due to any resid-
ual fuel pressure in the chamber 23 acting on the surface
of the valve needle 16. Thus, it will be appreciated that
fuel injection through the outlet openings 20 does not
occur.
[0028] In order to commence injection, the control
valve member 42 is moved to its open position, against
the force due to the spring 44, such that hydraulic oil in
the third passage 40 is able to flow through the valve
arrangement 36, into the fourth passage 46. Due to the
presence of the restriction 46a in the fourth passage 46,
it will be appreciated that oil is only able to escape to
the low pressure reservoir 50 at a relatively low rate.
Fuel flows from the fourth passage 46, through the ad-
ditional passage 48 and into the control valve chamber
29 causing fuel pressure therein to increase. The control

valve member 30 is therefore moved to its open position
to permit fuel within the passage 12 to flow into the sup-
ply passage 26. As a result, the delivery chamber 18 is
pressurised and a point will be reached beyond which
the fuel pressure within the delivery chamber 18 is suf-
ficient to apply a force to the thrust surfaces of the valve
needle 16 which is sufficient to lift the valve needle 16
away from its seating against the action of a spring 24.
With the valve needle 16 lifted away from its seating,
fuel is able to flow from the delivery chamber 18 through
the outlet openings 20 and, as a result, injection of fuel
takes place.
[0029] The control valve arrangement 28 is arranged
such that, upon movement of the control valve member
30 from the closed position (position 1) to the open po-
sition (position 3), the control valve member 30 passes
through the intermediate position (position 2) in which
the passage 12 communicates, for a relatively short pe-
riod of time, with the second passage 34. Thus, there is
a temporary increase in fuel pressure in the passages
34, 62 and, hence, in the chamber 23 associated with
the valve needle 16. The increase in fuel pressure in the
chamber 23 serves to maintain the valve needle 16 in
its seated position for a brief period of time, prior to in-
jection, until fuel escapes, at a relatively low rate,
through the flow restrictor 52 to the low pressure fuel
reservoir 60. This provides the advantage that opening
movement of the valve needle 16 is delayed for a short
period, such that the valve member 42 of the valve ar-
rangement 36 and the valve member 30 of the control
valve arrangement 28 both travel towards their fully
open positions prior to commencement of injection. This
enables the control and consistency of the injection of
relatively small amounts of fuel to be improved.
[0030] In order to terminate injection, the control valve
member 42 is moved to its closed position in which hy-
draulic oil from the source 38 is unable to flow through
the third passage 40 and the valve arrangement 36 into
the passages 46, 48 and the chamber 29 associated
with the control valve arrangement 28. Under such cir-
cumstances, fuel within the control valve chamber 29 is
able to flow through the additional passage 48, into the
fourth passage 46 and through the restriction 46a to the
low pressure reservoir 50, thereby reducing the force
applied to the control valve member 30 such that the
control valve member 30 moves to its closed position
under the action of the spring 32. When the control valve
member 30 is in its closed position, communication be-
tween the passage 12 and the supply passage 26 is bro-
ken and the supply passage 26 communicates with the
second passage 34. Thus, fuel is able to flow from the
delivery chamber 18, through the supply passage 26 in-
to the second passage 34 and towards the low pressure
fuel reservoir 60, the rate of fuel flow to the low pressure
reservoir 60 being limited by the flow restrictor 52. Such
flow of fuel reduces pressure within the delivery cham-
ber 18 and a point will be reached beyond which the
force due to the spring 24, and due to fuel pressure with-
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in the chamber 23 associated with the valve needle 16,
is sufficient to urge the valve needle 16 against its seat-
ing to terminate the flow of fuel through the outlet open-
ings 20.
[0031] After termination of injection, fuel continues to
flow along the second passage 34, lowering the pres-
sure within the delivery chamber 18 and the supply pas-
sage 26 until a point is reached beyond which fuel pres-
sure within the delivery chamber 18 and the passages
in communication therewith is insufficient to hold the
valve member 56 of the pressure regulator 54 away from
its seating against the action of the spring 58. Once this
point is reached, the valve member 56 will move into
engagement with its seating to terminate the flow of fuel
towards the low pressure fuel reservoir 60. Thus, fuel
pressure within the delivery chamber 18 and the supply
passage 26 is held at a level insufficient to cause injec-
tion but greater than that of fuel within the low pressure
reservoir 60.
[0032] As described previously, upon movement of
the control valve member 30 from its open position to
its closed position, the control valve member 30 passes
through the intermediate position in which the passage
12 communicates, for a relatively short period of time,
with the second passage 34. This gives rise to a rela-
tively brief increase in fuel pressure in the passages 34,
62, and hence in the chamber 23 associated with the
valve needle 16, such that an increased force is applied
to the valve needle 16 for a short period of time. The
brief increase in fuel pressure in the chamber 23 aids
rapid closure of the valve needle 16 such that valve nee-
dle closure occurs when fuel pressure within the delivery
chamber 18 is still relatively high, thereby improving
emissions.
[0033] The arrangement also provides the advantage
that, should operation of the control valve arrangement
28 fail such that the control valve member 30 becomes
stuck in the intermediate, partially open position, the
permanent communication between the second pas-
sage 34 and the chamber 23 associated with the valve
needle 16 ensures the valve needle 16 will be held
against its seating by means of pressurised fuel within
the chamber 23. This avoids undesirable injection of fuel
should operation of the control valve arrangement 28
fail. Operation of a control valve arrangement 28 may
be caused to fail, for example, if the valve seating for
the control valve member 30 becomes damaged or con-
taminated by dirt or debris. For the purpose of this spec-
ification, reference to failure of operation of the control
valve arrangement 28 shall be taken to include any cir-
cumstances in which the control valve member 30 does
not move to a fully closed position, when desired.
[0034] In addition to the provision of the further pas-
sage 62, a flow fuse may also be included in the fuel
system between the common rail 10 and the injector 13.
The provision of the flow fuse also ensures that the sup-
ply of fuel to the delivery chamber 18 is terminated if the
total fuel quantity becomes too high, for example if the

control valve member 30 is stuck fully, or near fully,
open. Although the provision of the flow fuse works well
for fuel flows in excess of, typically, 10 to 20% of the
normal flow rate, they do not work well for lower flow
rates, typically less than 10% of the normal flow rate.
The provision of the further passage 62 is necessary in
order to overcome the problem of undesireable injection
of fuel in circumstances in which the control valve mem-
ber 30 becomes stuck in the partially open, intermediate
position, as opposed to a fully open position.
[0035] It will be appreciated that the control valve ar-
rangement 28 need not be controlled by means of a hy-
draulic valve arrangement but may be controlled by al-
ternative means. It will also be appreciated that the valve
arrangement 36 may take the form of a three-way valve
controlling communication between the third passage
40 and the fourth passage 46 or between the third pas-
sage 40 and the additional passage 48.
[0036] In a further alternative embodiment of the in-
vention, the fuel injector may comprise a piston member
which is moveable with the valve needle 16, a surface
of the piston member being exposed to fuel pressure
within the chamber 23. Preferably, the piston member
has a greater diameter than that of the valve needle.

Claims

1. A fuel system comprising a fuel injector (13) having
a delivery chamber (18) for fuel, a valve needle (16)
which is engageable with a seating to control fuel
delivery through an outlet opening (20), a control
valve arrangement (28) for controlling communica-
tion between a source (10) of pressurised fuel and
the delivery chamber (18), and means (34, 62) for
applying a force to a surface of the valve needle (16)
to urge the valve needle (16) against the seating
should the control valve arrangement (28) become
stuck in a partially open position.

2. The fuel system as claimed in Claim 1, wherein the
control valve arrangement (28) includes a control
valve member (30) which is resiliently biased to-
wards a closed position in which communication be-
tween the source (10) of pressurised fuel and the
delivery chamber (18) is broken.

3. The fuel system as claimed in Claim 1 or Claim 2,
wherein the control valve member (30) is moveable
to an open position in which fuel is able to flow from
the source (10) to the delivery chamber (18).

4. The fuel system as claimed in Claim 2 or 3, wherein
the control valve member (30) has an intermediate
position between the open and closed positions, the
control valve arrangement (28) being arranged
such that, when the control valve member (30) is in
the intermediate position, pressurised fuel from the
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source (10) applies a force to the valve needle (16)
which serves to urge the valve needle (16) against
its seating.

5. The fuel system as claimed in any of the preceding
claims, comprising a passage (34) which communi-
cates with the source (10) of pressurised fuel when
the control valve member (30) is in an intermediate
position between the open and closed positions.

6. The fuel system as claimed in Claim 5, wherein the
fuel injector (13) includes a chamber in communi-
cation with the passage (34), a surface associated
with the valve needle (16) being exposed to fuel
pressure within the chamber.

7. The fuel system as claimed in Claim 5 or Claim 6,
wherein the passage (34) is provided with a pres-
sure regulator (54) arranged to hold fuel pressure
in the delivery chamber (18) at a predetermined val-
ue when the control valve member (30) occupies
the closed position.

8. The fuel system as claimed in Claim 7, wherein the
pressure regulator (54) takes the form of a spring
biased non-return valve located, in use, between
the control valve arrangement (28) and a low pres-
sure drain reservoir (60).

9. The fuel system as claimed in any of Claims 1 to 8,
whereby movement of the control valve member
(30) is controlled by controlling fluid pressure ap-
plied to a surface associated with the control valve
member (30).

10. The fuel system as claimed in Claim 9, further com-
prising a further valve arrangement (36) for control-
ling fluid pressure applied to the surface associated
with the control valve member (30).

11. The fuel system as claimed in Claim 10, wherein
the further valve arrangement (36) includes a fur-
ther valve member (42) which is biased towards a
closed position by resilient bias means (44), move-
ment of the further valve member (42) into an open
position being controlled by means of an actuator.

12. The fuel system as claimed in any of the preceding
claims, further comprising a flow fuse between the
source of high pressure fuel and the injector.

13. A fuel system comprising a fuel injector (13) having
a delivery chamber (18) for fuel, a valve needle (16)
which is engageable with a seating to control fuel
delivery through an outlet opening (20), a control
valve arrangement (28) for controlling communica-
tion between a source (10) of pressurised fuel and
the delivery chamber (18), the control valve ar-

rangement (28) including a control valve member
(30) movable between open and closed positions,
the fuel system being arranged such that, upon
opening or closing movement of the control valve
member (30), pressurised fuel is applied to a sur-
face associated with the valve needle (16).

14. The fuel system as claimed in Claim 13, wherein
the control valve member (30) is resiliently biased
towards the closed position, in which communica-
tion between the source (10) of pressurised fuel and
the delivery chamber (18) is broken, the control
valve member (30) being moveable to the open po-
sition to permit fuel to flow from the source (10) to
the delivery chamber (18).

15. The fuel system as claimed in Claim 14, wherein
the control valve member (30) has an intermediate
position between the open and closed positions, the
control valve arrangement (28) being arranged
such that, when the control valve member (30) is in
the intermediate position, pressurised fuel from the
source (10) applies a force to the valve needle (16)
which serves to urge the valve needle (16) against
its seating.

16. The fuel system as claimed in any of Claims 13 to
15, comprising a passage (34) which communi-
cates with the source (10) of pressurised fuel when
the control valve member (30) is in an intermediate
position between the open and closed positions.

17. The fuel system as claimed in Claim 16, wherein
the fuel injector (13) includes a chamber in commu-
nication with the passage (34), a surface associated
with the valve needle (16) being exposed to fuel
pressure within the chamber.
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