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(54) Fuel system

(57)  Afuel system comprising a fuel pump (10) hav- comprises an electromagnetically actuable valve ar-
ing a pumping chamber (18), a spill valve (22) operable ranged such that when said actuator (62) thereof is en-
to control the timing of fuel pressurization by the pump ergized, the control chamber (50) is exposed to substan-
and a fuel injector (36) comprising a valve needle (38) tially the fuel pressure within the pumping chamber (18)
slidable within a bore. A surface associated with the of the fuel pump (10), de-energization of the actuator
valve needle (38) is exposed to the fuel pressure within (62) of the injection control valve (56) permitting the fuel
a control chamber (50), and an injection control valve pressure within the control chamber (50) to fall to a level
(56) is arranged to control the fuel pressure within the sufficiently low to allow injection of fuel to occur through
control chamber (50). The injection control valve (56) the fuel injector (36).
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Description

[0001] This invention relates to a fuel system for use
in supplying fuel under high pressure to a cylinder of a
compression ignition internal combustion engine. The
invention is applicable to a fuel system of the type in
which the pressure at which fuel is injected can be con-
trolled independently of the timing of fuel injection, but
may be used in other types of fuel system.

[0002] A typical fuel system comprises a fuel pump,
a spill valve operable to control the timing of commence-
ment of fuel pressurization, a fuel injector, and an injec-
tion control valve energisable to relieve the fuel pressure
within a control chamber of the fuel injector to permit
commencement of fuel injection.

[0003] In such an arrangement, in the event of failure
of the actuator of the injection control valve after com-
mencement of pressurization, fuel injection will not com-
mence. The fuel pressure within the fuel system may
rise to a dangerously high level and damage to the fuel
system may occur.

[0004] Itis an object of the invention to provide a fuel
system of the type described hereinbefore in which such
disadvantages are reduced.

[0005] According tothe presentinvention there is pro-
vided a fuel system comprising a fuel pump, a spill valve
operable to control the timing of fuel pressurization by
the pump, a fuel injector comprising a valve needle sli-
dable within a bore, a surface associated with the needle
being exposed to the fuel pressure within a control
chamber, and an injection control valve arranged to con-
trol the fuel pressure within the control chamber, where-
in the injection control valve comprises an electromag-
netically actuable valve arranged such that when the ac-
tuator thereof is energized, the control chamber is ex-
posed to substantially the fuel pressure within the pump-
ing chamber of the fuel pump, de-energization of the ac-
tuator of the injection control valve permitting the fuel
pressure within the control chamber to fall to a level suf-
ficiently low to allow injection of fuel to occur through the
fuel injector.

[0006] In such a fuel system, where commencement
of injection is initiated by de-energizing the actuator of
the injection control valve, in the event of failure of the
supply of power to the injection control valve, injection
of fuel is permitted thus the generation of excessively
high pressures in the fuel system can be avoided.
[0007] The invention will further be described, by way
of example, with reference to the accompanying draw-
ings, in which:-

Figure 1 is a diagram illustrating a fuel system in
accordance with a first embodiment of the inven-
tion;

Figure 2 is a diagram illustrating part of an alterna-
tive fuel system; and
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Figure 3 is a diagram illustrating part of a further
alternative fuel system.

[0008] The fuel systemillustrated in Figure 1 compris-
es a pump 10 which includes a pumping plunger 12 re-
ciprocable within a bore 14 under the influence of a cam
arrangement 16. The plunger 12 and bore 14 together
define a pumping chamber 18. The pumping chamber
18 communicates through a passage 20 within an elec-
tromagnetically actuable spill valve 22, the spill valve 22
including a port which communicates with a low pres-
sure fuel reservoir 24.

[0009] The spill valve 22 is illustrated diagrammatical-
ly and comprises a valve member slidable within a bore
and biased by a spring 26 towards a position in which
communication is permitted between the low pressure
reservoir 24 and the pumping chamber 18. The valve
member of the spill valve 22 is moveable under the in-
fluence of an electromagnetic actuator against the ac-
tion of the spring 26 to a position in which such commu-
nication is broken. The supply of an electric current to
the actuator of the spill valve 22 is controlled by means
of an electronic controller 28.

[0010] The pumping chamber 18 further communi-
cates through a delivery valve arrangement 30 with a
volume or accumulator 32. The delivery valve arrange-
ment 30 is illustrated as comprising a pair of non-return
valves 30a, 30b arranged in parallel, the non-return
valve 30a being arranged to permit fuel to flow from the
pumping chamber 18 to the volume 32, but prevent fuel
flow in the reverse direction, and the non-return valve
30b permitting fuel to return from the volume 32, but pre-
venting fuel from flowing from the pumping chamber 18
to the volume 32. The non-return valves 30a, 30b are
conveniently biased closed by means of springs, the
rates and pre-stressing of the springs being selected de-
pending upon the application. It will be appreciated,
however that the delivery valve 30 may be of an alter-
native type to that illustrated diagrammatically in Figure
1.

[0011] The volume 32 communicates through a sup-
ply passage 34 with a fuel injector 36. The fuel injector
36 comprises a valve needle 38 slidable within a bore
formed in a nozzle body 40. The valve needle 38 is
shaped to define one or more thrust surfaces orientated
such that the application of fuel under high pressure
thereto applies a force to the needle 38 urging the nee-
dle 38 away from a seating to permit fuel delivery from
the supply passage 34 through the injector to one or
more small outlet openings provided in the nozzle body
40. The valve needle 38 is biased into engagement with
its seating by means of a helical compression spring 42,
and in order for injection to commence, the force applied
to the needle 38 by the action of fuel under pressure
upon the thrust surfaces must be sufficient to overcome
the action of the spring 42.

[0012] Arod 44 is associated with the needle 38 such
that movement of the needle 38 results in corresponding



3 EP 0992 675 A2 4

movement of the rod 44. The rod 44 engages a piston
member 46 which is slidable within a cylinder 48. The
piston member 46 and cylinder 48 together define a con-
trol chamber 50 which communicates through a pas-
sage 52 with the volume 32. As illustrated, the passage
52 includes a restriction 54, thus the rate at which fuel
can flow to the control chamber 50 from the volume 32
is restricted.

[0013] The control chamber 50 further communicates
with a port of an injection control valve 56 which includes
a second port communicating with a passage 58 which
communicates with the low pressure fuel reservoir 24.
[0014] The injection control valve 56 comprises a
valve member which is biased by means of a spring 60
towards a position in which the control chamber 50 com-
municates with the low pressure reservoir. An electro-
magnetic actuator 62 is provided to move the valve
member against the action of the spring 60 to a position
in which such communication is broken. The current
flowing through the actuator 62 is controlled by means
of the electronic controller 28.

[0015] It will be appreciated that the application of fuel
under high pressure to the control chamber 50 applies
a force to the piston member 46 which is transmitted to
the needle 38, assisting the spring 42 in urging the nee-
dle 38 towards its seating.

[0016] In use, in the position illustrated in Figure 1,
the plunger 12 is about to commence inward movement
under the action of the cam arrangement 16, the pump-
ing chamber 18 being charged to a relatively low pres-
sure with fuel from the low pressure fuel reservoir 24.
As the spill valve 22 occupies its de-energized position,
inward movement of the plunger 12 displaces fuel from
the pumping chamber 18 to the low pressure fuel reser-
voir 24 without significantly pressurising the fuel in the
fuel system.

[0017] Whenitis determined that pressurization of fu-
el should commence, the controller 28 energises the ac-
tuator of the spill valve 22, moving the spill valve 22 to
its alternative position. Such movement of the spill valve
22 breaks the communication between the pumping
chamber 18 and the low pressure reservoir 24. As fuel
is no longer permitted to escape to the low pressure
drain reservoir 24 through the spill valve 22, continued
inward movement of the plunger 12 pressurises the fuel
within the pumping chamber 18, the passages in com-
munication with the pumping chamber 18 and the vol-
ume 32.

[0018] As illustrated, the injection control valve 56 is
de-energized, and occupies a position in which the con-
trol chamber 50 communicates with the low pressure
drain reservoir. As a result, the fuel pressure applied to
the piston member 46 is low, the restriction 54 limiting
the supply of fuel to the control chamber 50. Whilst the
injection control valve 56 remains in this position, con-
tinued inward movement of the plunger 12 continues to
pressurize the fuel within the fuel supply system, thus
the fuel pressure applied to the thrust surfaces of the
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needle 38 increases. Once the fuel pressure exceeds a
predetermined level, the needle 38 is able to lift against
the action of the spring 42, thus fuel injection commenc-
es.

[0019] Once injection has commenced, if the injection
control valve 56 is energized, the communication be-
tween the control chamber 50 and low pressure reser-
voir is broken, and the continued flow of fuel at a restrict-
ed rate through the restrictor 54 increases the fuel pres-
sure within the control chamber 50. The fuel pressure
within the control chamber 50 rises to a sufficient extent
that the force applied to the needle 38 by the spring 42
together with the force resulting from the application of
fuel under pressure to the control chamber 50 is suffi-
cient to cause the needle 38 to return into engagement
with its seating, thus terminating injection. If a second
injection is required, then the injection control valve 56
is de-energized. The fuel pressure within the control
chamber 50 is thereby relieved, and the valve needle
38 is able to lift away from its seating under the action
of the fuel pressure upon the thrust surfaces of the nee-
dle 38.

[0020] Termination of injection is achieved by de-en-
ergizing the actuator of the spill valve 22, the spring 26
returning the spill valve 22 to the position shown. Once
this position has been reached, fuel is able to escape
from the volume 32 through the non-return valve 30b of
the delivery valve arrangement 30 to the low pressure
fuel reservoir 24. It will therefore be appreciated that the
fuel pressure applied to the thrust surfaces of the needle
38 is rapidly relieved, and the needle 38 returns into en-
gagement with its seating under the action of the spring
42, thus terminating injection. Continued inward move-
ment of the plunger 12 displaces further fuel from the
pumping chamber 18 through the spill valve 22 to the
low pressure reservoir 24.

[0021] Subsequently, the plunger 12 will reach its in-
nermost position, and thereafter will be withdrawn from
the bore 14 under the action of, for example, a return
spring (not shown). Such outward movement of the
plunger 12 draws fuel into the pumping chamber 18 from
the low pressure reservoir 24, thus charging the pump-
ing chamber 18 with fuel at relatively low pressure ready
for commencement of the next pumping and injection
cycle.

[0022] It will be appreciated that, should the electro-
magnetic actuator 62 associated with the injection con-
trol valve 56 fail, then such failure will not prevent injec-
tion of fuel, thus the generation of excessively high pres-
sures within the fuel system is avoided.

[0023] The mode of operation of the fuel system may
be modified if desired, for example when the engine is
operating at low speed, such that prior to switching of
the spill valve 22 to commence pressurization of fuel
within the pumping chamber 18, the injection control
valve 56 is switched to its alternative position by ener-
gization of the actuator 62 thereof. Subsequent switch-
ing of the spill valve 22 commences pressurization of
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fuel. It will be appreciated that while the injection control
valve 56 remains in its alternative position in which the
control chamber 50 does not communicate with the low
pressure reservoir, then the pressurization of fuel results
in the fuel pressure within the control chamber 50 rising
at substantially the same rate as the pressure of fuel
applied to the thrust surfaces of the needle 38, and as
aresult, the magnitude of the force applied to the needle
38 urging the needle 38 towards its seating resulting
from the application of fuel under high pressure to the
control chamber 50 and due to the action of the spring
42 is sufficient to maintain the needle 38 in engagement
with its seating against the action of fuel under high pres-
sure upon the thrust surfaces of the needle 38. Clearly,
therefore, injection of fuel does not take place.

[0024] In such an arrangement, when injection of fuel
is to commence, the actuator 62 associated with the in-
jection control valve 56 is de-energized, the injection
control valve 56 moving under the action of the spring
60 to a position in which the fuel pressure within the con-
trol chamber 50 is relieved to the low pressure fuel res-
ervoir 24. The presence of the restriction 54 restricts the
rate at which fuel can flow towards the control chamber
50 to a relatively low level. As a result of the reduction
in fuel pressure within the control chamber 50, the mag-
nitude of the force applied to the needle 38 urging the
needle 38 towards its seating is reduced, and the needle
38 is able to lift away from its seating under the action
of the fuel under pressure applied to the thrust surfaces
thereof, thus injection commences. Injection of fuel may
be temporarily interrupted by re-energizing the actuator
62 associated with the injection control valve 56, and
subsequently de-energizing the actuator 62. Termina-
tion of injection is controlled by de-energization of the
spill valve 22 as described hereinbefore.

[0025] Again, it will appreciated that should the supply
of electrical current to the actuator 62 associated with
the injection control valve 56 fail, then injection of fuel
will take place, thus the generation of excessively high
pressures within the fuel system can be avoided.
[0026] Although in the description hereinbefore, the
actuation of the injection control valve 56 is described
as splitting an injection into two parts, for example a pilot
injection followed by a main injection, it will be appreci-
ated that during each injection cycle, the injection con-
trol valve 56 may be actuated twice, or more times, thus
splitting each injection into three or more parts.

[0027] Figure 2 illustrates a modification to the ar-
rangement of Figure 1. In the arrangement of Figure 2,
the restriction 54 is omitted, and instead the injection
control valve 56 is located within the passage 52 be-
tween the volume 32 and the control chamber 50. A re-
striction 64 is provided to limit the rate at which fuel is
able to escape from the control chamber 50 to the low
pressure reservoir, in use. As illustrated in Figure 2, the
injection control valve 56 of this arrangement is orien-
tated such that when the actuator 62 thereof is de-en-
ergized, the spring 60 urges the valve member of the
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injection control valve 56 to a position in which commu-
nication between the volume 32 and control chamber 50
is not permitted. In this position, the control chamber 50
communicates through the restriction 64 with the low
pressure reservoir, thus the fuel pressure applied to the
piston 46 is relatively low. As a result, pressurization of
the fuel within the volume 32 by the operation of the
pump 10 will, once the pressure rises above a predeter-
mined pressure, lift the needle 38 away from its seating
against the action of the spring 42. Energization of the
actuator 62 of the injection control valve 56 permits fuel
to flow to the control chamber 50, thus increasing the
magnitude of the force urging the needle 38 towards its
seating, and it will be appreciated that a point will be
reached beyond which the needle 38 moves to engage
its seating, thus terminating injection. During this part of
the operation, a small quantity of fuel escapes through
the restriction 64 to the low pressure drain reservoir.
[0028] In order to recommence injection, the actuator
62 is de-energized, and the spring 60 returns the injec-
tion control valve 56 to the position illustrated, and as a
result the fuel pressure within the control chamber 50
falls to a level sufficient to allow the needle to lift away
from its seating, thus injection recommences.

[0029] As described hereinbefore, termination of the
injection cycle is controlled by de-energizing the actua-
tor associated with the spill valve 22 to permit the fuel
pressure within the volume 32 to drop to a level insuffi-
cient to allow the needle 38 to move against the action
of the spring 42.

[0030] The arrangement of Figure 2 may be modified
by omitting the flow path containing the restriction 64,
and instead permitting fuel to escape from the control
chamber 50 at a restricted rate between the piston mem-
ber 46 and the cylinder 48.

[0031] Figure 3 illustrates a further alternative ar-
rangement, the arrangement of Figure 3 being similar
to that of Figure 2 but in which the injection control valve
56 takes the form of a three-way valve, the injection con-
trol valve 56 controlling whether the control chamber 50
communicates with a low pressure drain or alternatively
with the fuel pressure present within the volume 32. The
injection control valve 56 is biased by means of the
spring 60 towards its position in which the control cham-
ber communicates with the low pressure drain, the in-
jection control valve 56 being moveable against the ac-
tion of the spring 60 by means of an electromagnetic
actuator 62, energization of which is controlled by the
electronic controller 28 as described hereinbefore with
reference to Figure 1.

[0032] The arrangement of Figure 3 is advantageous
over the arrangements of Figures 1 and 2 in that at no
point in the injection cycle does the volume 32 commu-
nicate directly with the low pressure reservoir through
the injection control valve 56.

[0033] Although a restriction 64 is provided in the ar-
rangement of Figure 3 between the injection control
valve 56 and the low pressure reservoir, the provision
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of the restriction 64 is optional. In the arrangements of
Figures 2 and 3, the provision of the restriction 64 re-
stricts the rate of movement of the needle 38 away from
its seating which may have a beneficial effect upon the
performance of the engine with which the fuel system is
used. Rather than using the restrictions 64 to limit the
rate of movement of the needle 38, a separate snubber
valve may be fitted above the piston 46 to limit the rate
of movement of the needle 38.

[0034] Each fuel system described hereinbefore may
take the form of a pump injector arrangement in which
the fuel pump 10 and injector 36 are integral with one
another or rigidly secured to one another, or alternatively
the fuel pump 10 and injector 36 may be physically sep-
arated from one another, fuel being supplied from the
pump 10 to the injector 36 through an appropriate high
pressure fuel pipe. If desired, rather than use an elec-
tromagnetically actuated spill valve, the pump 10 may
incorporate a mechanically controlled spill arrangement
in which, for example, fuel is able to escape from the
pumping chamber 18 to the low pressure reservoir 24
once a port which communicates with the bore 14 reg-
isters with a groove or passage formed in the plunger
12. Further, the pump 10 may be replaced by a rotary
fuel pump and an appropriate distributor used to distrib-
ute the pressurised fuel to a series of injectors, in turn,
through appropriate high pressure fuel pipes, each in-
jector being fitted with an injection control valve of the
type described hereinbefore.

Claims

1. A fuel system comprising a fuel pump (10) having
a pumping chamber (18), a spill valve (22) operable
to control the timing of fuel pressurization by the
pump (10), a fuel injector (36) comprising a valve
needle (38) slidable within a bore, a surface asso-
ciated with the valve needle (38) being exposed to
the fuel pressure within a control chamber (50), and
an injection control valve (56) arranged to control
the fuel pressure within the control chamber (50),
characterised in that the injection control valve (56)
comprises an electromagnetically actuable valve
arranged such that when the actuator (62) is ener-
gized, the control chamber (50) is exposed to sub-
stantially the fuel pressure within the pumping
chamber (18) of the fuel pump (10), de-energization
of the actuator (62) of the injection control valve (56)
permitting the fuel pressure within the control cham-
ber (50) to fall to a level sufficiently low to allow in-
jection of fuel to occur through the fuel injector (36).

2. The fuel injector as claimed in Claim 1, whereby the
pumping chamber (18) communicates with an ac-

cumulator (32) for fuel.

3. Thefuel system as claimed in Claim 1 or 2, wherein
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10.

the fuel injector (36) comprises a piston member
(46) which is movable with the valve needle (38), a
surface of the piston member (46) being exposed
to fuel pressure within the control chamber (50).

The fuel system as claimed in any of Claims 1 to 3,
further comprising a restriction (54) for restricting
the rate of flow of fuel into the control chamber (50).

The fuel system as claimed in Claim 4, wherein the
restriction (54) is located in a flow passage which
provides communication between the accumulator
(32) and the control chamber (50).

The fuel system as claimed in any of Claims 1 to 3,
further comprising means (64) for restricting the
rate at which fuel is able to escape from the control
chamber (50).

The fuel system as claimed in Claim 6, comprising
a flow passage communicating with the control
chamber (50), the flow passage being provided with
a restriction (64) for restricting the rate at which fuel
is able to escape from the control chamber (50).

The fuel system as claimed in Claim 6, comprising
a snubber valve for restricting the rate at which fuel
is able to escape from the control chamber (50).

The fuel system as claimed in any of Claims 1 to 8,
wherein the injection control valve (56) takes the
form of a three-way valve for controlling communi-
cation between the control chamber (50) and a low
pressure drain and between the control chamber
(50) and the accumulator (32).

The fuel system as claimed in any of Claims 1 to 9,
wherein the fuel injector (36) and the pump (10) are
integrally formed.
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