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(54) Over-pressure relief valve in a fuel system

(57) A fuel system (10) arranged to deliver fuel at
high pressure to a fuel injector through a high pressure
fuel line (42, 44) defined, at least in part, within first and
second housing parts (46, 40) of a pressure relief valve
arrangement. The first and second housing parts (46,
40) define first and second separable valve surfaces re-
spectively. A clamping means (46) is provided for apply-
ing a clamping load to the first and second housing parts
(46, 40) so as to urge first and second valve surfaces
respectively thereof into substantially sealing engage-
ment. The clamping means is arranged to permit sepa-
ration of the first and second valve surfaces in the event
that fuel pressure within the high pressure fuel line (42,
44) exceeds a predetermined amount, thereby to permit
fuel within the high pressure fuel line (42, 44) to flow to
a region (62) of relatively low pressure to relieve fuel
pressure within the high pressure fuel line.
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Description

[0001] The presentinvention relates to a fuel system
for delivering fuel under high pressure to a cylinder of
an associated compression ignition internal combustion
engine. In particular, but not exclusively, the invention
relates to a fuel pump arranged to deliver fuel to an in-
jector for delivering fuel to a cylinder or other combustion
space of the associated engine.

[0002] In aknown fuel system for an internal combus-
tion engine, a fuel pump for pressurising fuel to high
pressure is arranged to deliver fuel through a high pres-
sure fuel line to a fuel injector. The fuel pump may take
the form of a unit pump in which a spill valve for control-
ling communication between a pump chamber and a low
pressure drain is integrally formed within a main pump
housing. In addition, or alternatively, the injector may be
integrally formed with the fuel pump in a unit pump/in-
jector arrangement. The injector typically includes a
valve needle which is engageable with a valve seating
to control the injection of fuel into the engine. In use,
movement of the valve needle away from its seating per-
mits fuel to flow from an injector delivery chamber,
through an injector outlet opening, into a cylinder of the
associated engine.

[0003] In such fuel systems, it is thought to be desir-
able to limit the pressure of fuel within the system in or-
der to protect the component parts of the pump and/or
the injector. In the event that a fault occurs in the fuel
system, or in the event of system failure, exposure of
the components to excessively high fuel pressures can
result in irreparable damage to the component parts.
Additionally, in order to maximise fuel pressures under
normal engine operating conditions, it may be desirable
to choose system parameters which produce fuel pres-
sures in excess of a safe level at extreme engine running
conditions. In such circumstances, it is also desirable
for the pressure of fuel within the system to be limited.
[0004] Accordingto a firstaspect of the presentinven-
tion, there is provided a fuel system which is arranged
to deliver fuel at high pressure to a fuel injector through
a high pressure fuel line, the fuel system including a
pressure relief valve arrangement for relieving fuel pres-
sure within the high pressure fuel line, wherein the pres-
sure relief valve arrangement includes:

a first housing part defining a first valve surface and
a second housing part defining a second valve sur-
face, wherein the high pressure fuel line is defined,
at least in part, within the first and second housing
parts and wherein the first valve surface is engage-
able with but separable from the second valve sur-
face,

clamping means for applying a clamping load to at
least one of the first and second housing parts so
as to urge the first and second valve surfaces into
substantially sealing engagement, wherein the
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clamping means is arranged to permit separation of
the first and second valve surfaces, against the
clamping load, in the event that fuel pressure within
the high pressure fuel line exceeds a predetermined
amount, thereby to permit fuel pressure within the
high pressure fuel line to be relieved.

[0005] In the event that fuel pressure within the high
pressure line exceeds a predetermined maximum level,
forces due to high fuel pressure will tend to separate the
first and/or second housing parts and are sufficient to
overcome the clamping load applied by the clamping
means, thereby permitting a degree of separation be-
tween the first and second housing parts. Under such
circumstances, fuel within the high pressure fuel line is
able to leak between the first and second valve surfaces
to a low pressure drain or reservoir, thereby causing fuel
pressure within the high pressure fuel line to be reduced.
In this way, any increase in fuel pressure within the fuel
system, which may otherwise cause damage to the
component parts of the system, can be avoided.
[0006] The fuel system may take the form of a fuel
pump for delivering fuel to the injector. For example, the
fuel system may take the form of a unit fuel pump. The
fuel system may also include the injector. For example,
the fuel system may include a fuel pump and a fuel in-
jector which are integrally formed in a unit pump/injector
arrangement. It will be appreciated, however, that the
fuel system need not include the injector.

[0007] In a preferred embodiment, at least one of the
first and second valve surfaces is provided with a relief
which is sealingly engageable with the other of the first
and second surfaces upon application of the clamping
load, the relief being separable from said other of the
first and second valve surfaces in the event that fuel
pressure within the high pressure fuel line exceeds the
predetermined amount. Preferably, the relief on the sur-
face may take the form of a projection of annular form
or may comprise two or more annular projections.
[0008] The relief is preferably shaped to define a first
area which is exposed to fuel pressure within the high
pressure fuel line, the first area being selected to ensure
separation of the first and second valve surfaces occurs
at the required, maximum fuel pressure for a given
clamping load.

[0009] In one embodiment of the invention, the first
valve surface is provide with a first relief and the second
valve surface is provided with a second relief, the first
and second reliefs being shaped to sealingly engage
one another upon application of the clamping load and
being separable in the event that fuel pressure within
the high pressure fuel line exceeds the predetermined
amount.

[0010] This arrangementis particularly advantageous
if it is necessary for drillings, passages or other compo-
nents to be accommodated within the first and/or sec-
ond housing parts.

[0011] In a preferred embodiment, the relief provided
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on the first or second valve surface defines, together
with the other of the first and second valve surfaces, a
restricted clearance through which fuel flows from the
high pressure fuel line to a region of low pressure at a
restricted rate when the first and second valve surfaces
are caused to separate.

[0012] Preferably, the clamping load is applied by
means of a cap nut. The cap nut preferably forms at least
a part of the clamping means for applying the clamping
load to the second housing part. Conveniently, the sec-
ond housing part may take the form of an adapter plate
forming part of the fuel pump.

[0013] According to a further aspect of the present in-
vention, there is provided a pressure relief valve ar-
rangement for use in a fuel system as herein described,
comprising first and second housing parts which define,
atleastin part, a high pressure fuel line, firstand second
valve surfaces being defined by the first and second
housing parts respectively and being shaped for sealing
engagement with one another upon application of the
clamping load by the clamping means, and being sep-
arable from one another in the event that fuel pressure
within the high pressure fuel line exceeds the predeter-
mined amount.

[0014] According to a still further aspect of the inven-
tion, there is provided a fuel pump arranged to deliver
fuel at high pressure to a fuel injector through a high
pressure fuel line, the fuel pump comprising a pressure
relief valve arrangement for relieving fuel pressure with-
in the high pressure fuel line, including:

a first housing part defining a first valve surface and
a second housing part defining a second valve sur-
face, wherein the high pressure fuel line is defined,
at least in part, within the first and second housing
parts and wherein the first valve surface is engage-
able with but separable from the second valve sur-
face,

clamping means for applying a clamping load to the
first and second housing parts so as to urge the first
and second valve surfaces into substantially seal-
ing engagement, wherein the clamping means is ar-
ranged to permit separation of the first and second
valve surfaces, against the clamping load, in the
event that fuel pressure within the high pressure fu-
el line exceeds a predetermined amount, thereby to
permit fuel within the high pressure fuel line to flow
to a region of relatively low pressure to relieve fuel
pressure within the high pressure fuel line.

[0015] The invention will further be described, by way
of example only, with reference to the accompanying
drawings, in which:

Figure 1 is a sectional view of a fuel pump in ac-
cordance with an embodiment of the present inven-
tion,
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Figure 2 is an enlarged sectional view of a part of
the unit pump shown in Figure 1,

Figures 3(a) and 3(b) show views of a part of the
fuel pump in Figures 1 and 2, and

Figure 4 is an enlarged, exaggerated view of the
part of the fuel pump in Figures 3(a) and 3(b).

[0016] Referring to Figures 1 and 2, there is shown a
unit fuel pump, referred to generally as 10, forming part
of a fuel system for delivering fuel under high pressure
to an associated compression ignition internal combus-
tion engine. The fuel pump has an outlet which commu-
nicates through a high pressure fuel line 12 with the inlet
of a fuel injector (not shown) forming part of the fuel sys-
tem. Typically, the fuel injector is of the type comprising
a valve needle which is slidable within a bore provided
in a nozzle body and engageable with a valve seating
to control fuel delivery through a fuel injector outlet into
an engine cylinder or other combustion space of an as-
sociated engine. The fuel system is conveniently con-
trolled electronically by means of an engine control unit
which receives signals from a plurality of sensors asso-
ciated with the engine and which monitor various engine
operating parameters such as, for example, engine
speed, position and temperature. The signals supplied
to the control unit by the sensors are used to control the
operation of the fuel system to control the pressure of
fuel supplied to the injector and the timing at which the
injection of fuel into the engine cylinder takes place.
[0017] The pump 10 includes a pump housing 14 de-
fining a first bore 16 within which a pumping plunger 18
is reciprocable under the action of a cam and tappet ar-
rangement, referred to generally as 20, which acts
against the action of a return spring 22. The first bore
16 and an end surface of the pumping plunger 18 define
a pump chamber 24 within which fuel is pressurised, in
use, upon reciprocal movement of the pumping plunger
18 within the bore 16, as will be described in further de-
tail hereinafter.

[0018] Atthe end of the pump housing 14 remote from
the cam and tappet arrangement 20, the pump housing
14 is provided with a first recess 25 of generally cylin-
drical form within which a valve housing 26 is arranged.
The valve housing 26 is provided with a through bore
28 within which a pressure control valve member 30 is
slideable. The through bore 28 provided in the valve
housing 26 is shaped to define a seating surface with
which a region of the pressure control valve member 30
is engageable to control communication between a first
passage 32 defined within the valve housing 26 and a
low pressure fuel reservoir or drain (not shown). The first
passage 32 communicates, at one end, with the pump
chamber 24 and forms part of a high pressure fuel line
through which fuel is delivered from the pump chamber
24 to the outlet of the fuel pump 10, as will be described
in further detail hereinafter. A further spring 34 is en-
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gaged between the pressure control valve member 30
and a surface of the first recess 25 provided in the pump
housing 14, the further spring 34 being arranged to bias
the pressure control valve member 30 towards a posi-
tion in which the pressure control valve member 30 is
spaced away from the seating surface to permit com-
munication between the first passage 32 and the low
pressure drain.

[0019] The end of the pressure control valve member
30 remote from the further spring 34 carries an armature
36 which is movable under the influence of a magnetic
field generated, in use, by an actuator 38. The actuator
38 and the armature 36 are arranged such that energi-
sation of the actuator 38 causes movement of the pres-
sure control valve member 30 into engagement with the
seating surface, against the action of the further spring
34, so as to break communication between the first pas-
sage 32 and the low pressure drain. The pump housing
14 is provided with a pump chamber outlet passage 52
which communicates, at one end, with the pump cham-
ber 24, the other end of the passage 52 communicating
with the first passage 32 provided in the valve housing
26. The end of the valve housing 26 remote from the
pump housing 14 abuts an adapter plate 40 within which
a second passage 42 is defined. The second passage
42 communicates, at one end, with the first passage 32
provided in the valve housing 26 and, at its other end,
with a further passage 44 provided in a cap nut 46. The
further passage 44 delivers fuel to the outlet of the pump
10. The outlet passage 52 provided in the pump housing
14, the first passage 32 provided in the valve housing
26, the second passage 42 provided in the adapter plate
40 and the further passage 44 provided in the cap nut
46 therefore together define a high pressure fuel line
through which fuel at high pressure flows from the pump
chamber 24 to the outlet of the pump 10, and hence to
the inlet of the injector, when the pressure control valve
member 30 is in engagement with its seating to break
communication between the high pressure fuel line and
the low pressure drain.

[0020] The cap nut 46 is received within the first re-
cess 25 defined in the pump housing 14 and is in screw
threaded engagement with the pump housing 14
through a screw thread connection 60. The cap nut 46
is arranged to apply a clamping load to the adapter plate
40, the valve housing 26 and the pump housing 14 which
serves to secure the components in position. The cap
nut 46 defines a recessed surface 48 of part-cylindrical
form which defines, in part, a chamber or region 62 at
low pressure. Appropriate seals 63 are provided to pro-
vide a substantially fluid tight seal between the pump
housing 14 and the outer surface of the cap nut 46.
[0021] The recessed surface 48 of the cap nut 46 is
in abutment with an upper surface (in the illustration
shown) of the adapter plate 40 to define a first interface
50. A second interface 54 is defined between the valve
housing 26 and the pump housing 14 in the region of
communication between the outlet passage 52 and the
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first passage 32. A third interface 56 is defined between
an end surface of the valve housing 26 remote from the
outlet passage 52 and a surface of the adapter plate 40
in the region of communication between the first and
second passages 32, 42.

[0022] As shown in Figures 3(a) and 3(b), the upper
surface of the adapter plate 40 is provided with a relief
which defines a projection 58 of annular form. The inner
diameter of the annular projection 58 defines a surface
area, A, and the projection 58 has a surface area, B
which is engageable with the opposing surface of the
recessed surface 48 defined by the cap nut 46 in the
region of the interface 50. The clamping load applied by
the cap nut 46 serves to urge the cap nut 46 into en-
gagement with the projection 58 provided on the adapter
plate 40, the adapter plate 40 into engagement with the
valve housing 26 and the valve housing 26 into engage-
ment with the pump housing 14 such that substantially
fluid tight seals are formed in the region of the first, sec-
ond and third interfaces 50, 54, 56. Thus, under normal
operating conditions, any fuel flowing through the high
pressure fuel line from the pump chamber 24 to the out-
let of the pump 10 is unable to leak between the various
housing parts to low pressure.

[0023] In use, when the actuator 38 is de-energised,
the pressure control valve member 30 occupies a posi-
tion in which it is spaced away from the seating surface
defined by the through bore 28 to permit communication
between the region of the high pressure fuel line defined
by the first passage 32 and the low pressure drain. In
such circumstances, movement of the cam and tappet
arrangement 20 to cause reciprocal movement of the
plunger member 18 within the first bore 16 will cause
fuel to be drawn into the pump chamber 24 from the low
pressure reservoir, and displaced from the pump cham-
ber 24 to the low pressure reservoir, in a manner which
would be familiar to a person skilled in the art. If the ac-
tuator 38 is energised, the pressure control valve mem-
ber 30 is urged into engagement with the seating sur-
face to break communication between the region of the
high pressure fuel line defined by the first passage 32
and the low pressure drain. In such circumstances,
movement of the cam and tappet arrangement 20 caus-
es the plunger member 18 to perform a pumping stroke,
thereby causing fuel within the pump chamber 24 to be
pressurised to a high level. Due to the substantially fluid
tight seals between the pump housing 14 and the valve
housing 26 in the region of the second interface 54, be-
tween the valve housing 26 and the adapter plate 40 in
the region of the third interface 56, and between the pro-
jection 58 formed on the surface of the adapter plate 40
and the cap nut 46 in the region of the first interface 50,
leakage of fuel from the high pressure fuel line is sub-
stantially avoided.

[0024] As illustrated in Figure 4, in circumstances in
which the pressure of fuel within the high pressure fuel
line increases beyond a predetermined amount, the pro-
jection 58 on the surface of the adapter plate 40 will be



7 EP 1247 976 A2 8

caused to separate from the cap nut 46, against the ac-
tion of the clamping load exerted by the cap nut 46, such
that the surface of the projection 58 and the opposing
surface of the cap nut 46 together define an annular
clearance 61 of restricted flow area through which fuel
is able to flow from the high pressure fuel line to the
chamber 62 and, hence, to low pressure. In such cir-
cumstances, the pressure of fuel within the high pres-
sure fuel line is relieved. It will therefore be appreciated
that the cap nut 46 and the adapter plate 40 form a pres-
sure relief valve arrangement which serves to limit the
pressure of fuel within the high pressure fuel line to an
acceptable, predetermined level. The cap nut46 and the
adapter plate 40 define respective valve surfaces of the
pressure relief valve which, in normal circumstances,
are sealingly engaged with one another but which sep-
arate in circumstances in which the pressure of fuel with-
in the high pressure fuel line between the pump cham-
ber 24 and the outlet for the pump 10 exceeds an ac-
ceptable level. This may occur, for example, if a fault,
blockage or failure in the fuel system occurs. The pro-
vision of the pressure relief valve ensures any damage
to the component parts of the pump and/or the injector
which may otherwise occur in the event of such a fault,
blockage or failure can be avoided.

[0025] The predetermined maximum pressure at
which the projection 58 on the surface of the adapter
plate 40 separates from the cap nut 46 to open the re-
stricted clearance 61 will be largely determined by the
surface area, A, exposed to fuel pressure within the high
pressure fuel line and the clamping load exerted by the
cap nut 46. The surface area, B, of the projection 58
may affect this predetermined maximum pressure as a
result of variable exposure to fuel pressure due to sur-
face irregularities on the recessed surface 48 of the cap
nut 46 and/or on the surface of the adapter plate 40. The
inner diameter of the annular projection 58 (i.e. the pe-
riphery of area A) and the stiffness of the cap nut/adapt-
er plate interface 46, 40 will determine the flow area
through the restricted clearance 61 and, together with
the additional effect of the length of the restricted clear-
ance 61 (determined by the shape of the surface area
B), will determine the rate at which fuel is able to leak
from the high pressure fuel line to low pressure. The
characteristics of the pressure control arrangement are
such that the relationship between leakage flow and fuel
line pressure is therefore defined by the surface area A,
the periphery of area A, surface area B, the shape of
surface area B, the stiffness of the cap nut/adapter plate
46, 40 interface and the clamping load.

[0026] It will be appreciated that the relief need not be
provided on the surface of the adapter plate 40, but may
alternatively be formed on the recessed surface 48 of
the cap nut 46.

[0027] In a further alternative embodiment of the in-
vention, the recessed surface 48 of the cap nut 46 may
also be provided with a corresponding relief which is co-
operable with the projection 58 provided on the surface
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of the adapter plate 40. It may also be convenient to
provide reliefs on one or two of the two engageable sur-
faces at the second and third interfaces 54, 56 between
the valve housing 26 and the pump housing 14 and be-
tween the adapter plate 40 and the valve housing 26
respectively in view of the other components and/or pas-
sages in the vicinity of the second and third interfaces
54, 56. Fuel pressure within the high pressure fuel line
is reduced due to flow through restricted flow paths from
two or more regions of the high pressure line, in the
event that fuel pressure within the high pressure fuel line
exceeds the maximum amount.

[0028] A pressure control arrangement as hereinbe-
fore described may be provided within any part of a fuel
system and is not limited to use in a unit fuel pump, as
shown in Figures 1 and 2. For example, the pressure
control arrangement may be provided within a unit
pump/injector or within a fuel injector itself.

[0029] It will be appreciated that the relief provided on
the surface of the adapter plate 40, or on any one or
more of the other surfaces of the pump housing 14 and
the valve housing 26, need not take the form of a single
annular projection, but may take any form, for example
a multiple-lobe form or a multiple area form, which de-
fines the appropriate surface area, A, exposed to fuel
pressure within the high pressure fuel line and the ap-
propriate surface area, B, required to give the necessary
pressure relief characteristics of the pressure control ar-
rangement. For example, it would be possible to have
two or more annular projections forming the relief on a
single surface. It will further be appreciated that the
clamp arrangement used to provide the clamping load
to the adapter plate 40 need not be applied by means
of a cap nut, and other clamping means may be em-
ployed to provide the required clamping load.

Claims

1. Afuel system arranged to deliver fuel at high pres-
sure to a fuel injector through a high pressure fuel
line (42, 44), the fuel system including a pressure
control valve arrangement for relieving fuel pres-
sure within the high pressure fuel line (42, 44) and
wherein the pressure relief valve arrangement in-
cludes:

a first housing part (46) defining a first valve
surface and a second housing part (40) defining
a second valve surface, wherein the high pres-
sure fuel line (42, 44) is defined, at least in part,
within the first and second housing parts (46,
40) and wherein the first valve surface is en-
gageable with but separable from the second
valve surface,

clamping means (46) for applying a clamping
load to at least one of the first and second hous-
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ing parts (46, 40) so as to urge the first and sec-
ond valve surfaces into substantially sealing
engagement with one another, wherein the
clamping means (46) is arranged to permit sep-
aration of the first and second valve surfaces,
against the clamping load, in the event that fuel
pressure within the high pressure fuel line (42,
44) exceeds a predetermined amount, thereby
to relieve fuel pressure within the high pressure
fuel line.

Afuel system as claimedin Claim 1, wherein at least
one of the first and second valve surfaces is provid-
ed with a relief (58) which is sealingly engageable
with the other of the first and second valve surfaces
upon application of the clamping load, the relief (58)
being separable from said other of the first and sec-
ond valve surfaces in the event that fuel pressure
within the high pressure fuel line (42, 44) exceeds
the predetermined amount.

A fuel system as claimed in Claim 2, wherein the
relief takes the form of one or more projections (58)
of annular form.

A fuel system as claimed in Claim 2 or Claim 3,
wherein the relief is shaped to define a first area
which is exposed to fuel pressure within the high
pressure fuel line (42, 44), the first area being se-
lected to ensure separation of the first and second
valve surfaces occurs at a required predetermined
fuel pressure for a given clamping load.

A fuel system as claimed in any of Claims 2 to 4,
wherein the first valve surface is provide with a first
relief (58) and the second valve surface is provided
with a second relief, the first and second reliefs be-
ing shaped to sealingly engage one another upon
application of the clamping load and being separa-
ble from one another in the event that fuel pressure
within the high pressure fuel line (42, 44) exceeds
the predetermined amount.

A fuel system as claimed in any of Claims 2 to 5,
wherein the relief provided on the first or second
valve surface defines, together with the other of the
first and second valve surfaces, a restricted clear-
ance (61) through which fuel flows from the high
pressure fuel line (42, 44) to a region (62) of low
pressure at a restricted rate when the first and sec-
ond valve surfaces are caused to separate.

A fuel system as claimed in any of Claims 1 to 6,
wherein the first housing part takes the form of a
cap nut (46) forming at least a part of the clamping
means for applying the clamping load to the second
housing part (40).
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8.

10.

1.

12.

13.

A fuel system as claimed in any of Claims 1 to 7,
wherein the second housing part takes the form of
an adapter plate (40).

A fuel system as claimed in any of Claims 1 to 8,
comprising a fuel pump (10) which is arranged to
deliver fuel at high pressure to the injector through
the high pressure fuel line (42, 44).

A fuel system as claimed in Claim 9, wherein the
fuel pump is a unit fuel pump.

A fuel system as claimed in any of Claims 1 to 10,
comprising a fuel pump (10) which is arranged to
deliver fuel at high pressure to the injector, the fuel
pump (10) and the injector being integrally formed
in a unit pumpl/injector arrangement.

A pressure relief valve arrangement for use in a fuel
system as claimed in any of Claims 1 to 11.

A fuel pump (10) arranged to deliver fuel at high
pressure to a fuel injector, the fuel pump (10) com-
prising a pressure relief valve arrangement includ-
ing first and second housing parts (46, 40) within
which is defined, at least in part, a high pressure
fuel line (42, 44) through which fuel at high pressure
is delivered from a pump chamber (24) of the pump
(10) to the injector, the first housing part (46) defin-
ing a first valve surface and the second housing part
(40) defining a second valve surface which is en-
gageable with but separable from the first valve sur-
face, clamping means (46) for applying a clamping
load to the first and second housing parts (46, 40)
so as to urge first and second valve surfaces re-
spectively thereof into substantially sealing en-
gagement with one another, wherein the clamping
means (46) is arranged to permit separation of the
first and second valve surfaces, against the clamp-
ing load, in the event that fuel pressure within the
high pressure fuel line (42, 44) exceeds a predeter-
mined amount, thereby to permit fuel within the high
pressure fuel line (42, 44) to flow to a region (62) of
relatively low pressure to relieve fuel pressure with-
in the high pressure fuel line.
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