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(54) Valve Arrangement

(57) A valve arrangement (32) for controlling fluid
flow comprising a valve housing (18) defining a chamber
(28) and a conduit (24) wherein a seating region (26) is
defined at a transition between the chamber (28) and the
conduit (24), a valve member (34) engageable with the
seating region (26) and a retaining member (44) received
within the chamber (28). A stop member is also received

within the chamber (28) and defines a first surface (57)
engageable with the retaining member (44) and a second
surface (52) which is spaced a predetermined distance
from the valve member (34) when the first surface (47)
is engaged with the retaining member (44) thereby to
provide a means to limit the maximum travel of the valve
member (34) away from the seating region (26).
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Description

Technical Field

[0001] The invention relates to a fluid valve arrange-
ment and more particularly to a non-return valve or ’check
valve’ arrangement for use in a common rail fuel injection
system for supplying high pressure fuel to a compres-
sion-ignition internal combustion engine.

Background of the Invention

[0002] In a common rail fuel injection system for a com-
pression-ignition internal combustion engine (more com-
monly known as a ’diesel’ engine), a fuel pump is used
to pressurised fuel to a high pressure, typically between
about 500 bar and 2000 bar, and to supply the pressu-
rised fuel to a common rail fuel volume.
[0003] Such a fuel pump generally comprises a pump-
ing plunger that is moveable back and forth within a
plunger bore and defines a pumping chamber within the
bore. The pumping plunger is associated with a drive
arrangement which drives the plunger within the bore to
perform an induction stroke, during which fuel at low pres-
sure is drawn into the pumping chamber, and a pumping
stroke, during which the fuel within the pumping chamber
is compressed. An outlet valve arrangement controls the
passage of fuel from the pumping chamber to a high pres-
sure pipe that leads to the common rail. A typical outlet
valve arrangement is shown in Figure 1.
[0004] The outlet valve arrangement comprises a
valve housing 2 that defines an internal chamber 4 having
a flared outlet region 6. At the end of the internal chamber
opposite the flared outlet region 6 is a narrow inlet conduit
8, wherein a valve seating region 10 is defined at the
transition between the internal chamber 4 and the inlet
conduit 8. A ball valve 12 is biased into engagement with
the seating region 10 by a spring 14, which bears against
a spring seat member 16, the spring seat member 16
being received in the internal chamber 4 in a fixed position
by a press fit. The spring seat member 16 has a central
aperture 11 to allow fluid to flow through it.
[0005] The position of the ball valve 12 is responsive
to the pressure of fluid within the inlet conduit 8, as will
now be explained. If the pressure of fuel within the inlet
conduit 8 is high such that the force it exerts on the ball
valve 12 is sufficient to move the ball valve 12 against
the closing force of the spring 14, the ball valve 12 lifts
away from the valve seating region 10 and fluid is per-
mitted to flow through the inlet conduit, past the valve
seating region 10, and to the outlet region 6. However,
if fluid pressure in the inlet conduit 8 drops to a level
where the seating force of the spring 14 is greater than
the force acting on the ball valve 12 due to fluid pressure
in the inlet conduit 8, then the ball valve 12 is forced to
engage the valve seating region 10, thereby preventing
a backflow of fluid from the outlet region 6 to the inlet
conduit 8.

[0006] The valve arrangement in Figure 1 is some-
times known in the art as a non-return valve or, alterna-
tively, a check valve and is in common use in many types
of fluid pumps. Such a valve arrangement has a simple
design and functions adequately and reliably to constrain
the flow of fluid into a single direction. However, the valve
design has associated drawbacks. For example, the
valve arrangement is prone to excessive wear of the
valve seating region 10 since the ball valve 12 is free to
wobble laterally as it lifts away from the seating region
10 due to fluid flowing around the ball turbulently. This
can result in the ball valve 12 impacting the valve seating
region 10 which can wear the seating surface.
[0007] Furthermore, the ball valve 12 is permitted to
travel a considerable distance along the internal chamber
4 against the force of the spring 14, which slows down
the response of the valve arrangement to changes in
pressure within the inlet conduit 8.

Summary of the Invention

[0008] It is against this background that the invention
provides a valve arrangement for controlling fluid flow
comprising a valve housing defining a chamber and a
conduit wherein a seating region is defined at a transition
between the chamber and the conduit. A valve member
is received inside the chamber and is engageable with
the seating region. A retaining member is also received
inside the chamber and serves to hold the valve compo-
nents in the chamber, including a stop member having a
first surface engageable with the retaining member and
a second surface which is spaced a predetermined dis-
tance from the valve member when the first surface is
engaged with the retaining member thereby to provide a
means to limit the maximum travel of the valve member
away from the seating region.
[0009] The stop member limits the amount of travel
permitted to the valve member which has the principal
benefit of reducing the response speed of the valve, since
the valve member must only move from a relatively low
lift position to re-seat itself. Since the valve assembly can
close more quickly, there is less backflow of fluid past
the valve member into the conduit when the pressure of
fuel in the conduit falls below the pressure needed to
keep the valve member away from its seat.
[0010] Although the valve assembly will function ac-
ceptably in the configuration described above, the valve
assembly may incorporate biasing means to bias the
valve member into a closed position and, also, to bear
against the stop member to ensure that it remains spaced
from the valve member.
[0011] Although a number of biasing means are appli-
cable, for example diaphragms and elastomeric mem-
bers, preferably the biasing means is a helical compres-
sion spring since these are efficient to manufacture and
readily available ’off-the-shelf’ in a variety of spring
strengths, in order to enable to opening pressure of the
valve assembly to be varied. Furthermore, metallic com-
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pression springs tend to exhibit high resistance to fatigue
and chemical attack which makes them particularly use-
ful in a fluid environment.
[0012] Preferably, the stop member includes a en-
larged head portion which defines the first surface and
which bears against the retaining member and an elon-
gate projecting portion that defines the second surface.
The spring is therefore receivable over the projecting por-
tion which holds the spring in position.
[0013] The valve member may be in the form of a me-
tallic ball, although the skilled person would understand
that other forms of valve members would function ade-
quately. However, a ball valve is preferred for availability,
simplicity and cost.
[0014] The retaining member may take the form of a
ring-like hub having a central aperture to provide access
to the stop member, by an engineering press tool for ex-
ample. Preferably, the retaining member may be shaped
to include one or more arms extending from the hub in
the direction of the valve member, to form a cage around
the stop member and the valve member thereby guiding
movement thereof.
[0015] Although the retaining member could be fixed
in position within the chamber by numerous methods, by
welding for example, it is preferred that the retaining
member is dimensioned so as to define a press fit en-
gagement with the chamber. Further retention tech-
niques, such as welding, could be employed after the
press fit operation to add strength to the fixing.

Brief Description of the Drawings

[0016] Reference has already been made to Figure 1
which shows a design of valve arrangement that is known
in the art. In order for the invention to be more readily
understood, embodiments of the invention will now be
described with reference to the following drawings, in
which:

Figure 2 is a perspective view, in cross-section, of a
pumping head of an automotive fuel pump incorpo-
rating a valve arrangement in accordance with the
invention;

Figure 3 is a perspective view, in cross section of
the pumping head in Figure 2, but with the valve ar-
rangement shown in exploded form; and

Figures 4A to 4F are a series of perspective views
showing the assembly procedure for the valve ar-
rangement in Figures 2 and 3.

Detailed Description of the Embodiments

[0017] Referring to Figures 2 and 3, a pumping head
18 comprises a metallic block having a centrally located
blind bore 20 extending through the pumping head 18
longitudinally. Although not shown in Figures 2 and 3, in

use a pumping plunger would be arranged to reciprocate
within the bore 20 and to define a pumping chamber 22
with the blind end of the bore 20.
[0018] Extending laterally from the pumping chamber
22 is an outlet conduit 24 having a relatively narrow bore.
The outlet conduit 24 leads to a diverging conical transi-
tion region 26 into a relatively wide-bored chamber 28.
[0019] At the end of the chamber 28 opposite the con-
ical region 26, the chamber 28 flares outwardly to define
an outlet region 30. Although not shown in the figures, it
should be appreciated that, in use, the outlet region 30
would be connected to a high pressure fluid pipe to con-
vey pressurised fluid to a load device, such as a high
pressure fluid accumulator volume. As such, the outlet
region 30 is shaped appropriately to connect to a high
pressure connection as would be known to a person
skilled in the art.
[0020] The chamber 28 houses a non-return valve ar-
rangement 32 in accordance with the invention. It should
be noted that the term ’non-return valve’ is known in the
art to be equivalent to ’check valve’, referring to a valve
device that permits fluid to flow only in one direction.
[0021] The valve arrangement 32 comprises a valve
member 34 in the form of a metallic ball that is biased
into engagement with the conical transition region 30
which, thus, forms a seating surface for the ball valve
member 34. The biasing means for the ball valve member
34 is a compression spring 36, one end of which bears
against the surface of the ball valve member 34, the other
end of which bears against a stop member 38.
[0022] The stop member 38 includes a relatively large
annular head region 40 against which the spring abuts.
The head region 40 defines a flat upper face having a
chamfered edge. A relatively narrow projection 42 having
a frustoconical mid-section and a cylindrical end section
extends from the underside of the head region 40 and is
received by the spring. It should be appreciated that the
frustoconical-cylindrical configuration of the narrow pro-
jection 42 assists with manufacturing the stop member
but is not essential to the functionality of the component.
[0023] The valve assembly 32 also includes a retaining
member 44 in the form of a cage (hereafter ’cage mem-
ber’) that is received inside the chamber 28 in a press fit
and serves to retain the individual components of the
valve arrangement 32 inside the chamber 28 and, as
such, the stop member 38 is located intermediate the
cage member 44 and the valve member 34.
[0024] The cage member 44 is comprised of a metallic
part that includes a ring-shaped hub 46 that defines a
central aperture 48, the purpose of which will be de-
scribed later. The cage member 44 also includes four
arms 50 that are equi-angularly spaced around the pe-
riphery of the hub 46 and which extend within the cham-
ber 28 in the direction of the ball valve member 34. Each
one of the arms 50 therefore extends at a right-angle to
the plane of the hub 46.
[0025] The cage member 44 may be manufactured by
being stamped from a sheet of metal, for example steel,
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after which the arms are bent back into position as shown
in the Figures. Alternatively, the cage member 44 may
be machined from a solid metal part. Although steel is
the preferred material for the cage member 44, because
it strikes the right balance between hardness, strength,
weight and cost, it should be appreciated that the cage
member could also be manufactured from other metals,
or metal alloys.
[0026] The head region 40 of the stop member 38 is
shaped so as to be slidable within the volume defined
between the arms 50 of the cage member 44 and, since
the spring 36 bears against the underside of the head
region 40, an upper surface 47 of the head region 40 is
biased into engagement with the hub 46. When in this
position, an end surface 52 of the projection 42 is spaced
from the ball valve member 34, thereby defining a means
to limit the maximum distance it is permitted to lift from
the seating region 26.
[0027] In operation, fluid is pumped from the pumping
chamber 22 to the conduit 24, which establishes a force
on the ball valve member 34 in the direction opposing
the biasing force of the spring 36. If the force acting on
the ball valve member 34 due to fluid pressure is greater
than the spring closing force, the ball valve member 34
lifts away from the seating region 26 such that fluid in the
conduit 24 is allowed to flow pass the ball valve member
34 and into the chamber 28. It should be appreciated that
the arms 50 of the cage member 44 define flow passages
between them to allow fluid to pass relatively unimpeded,
as fluid is not forced to flow through the coils of the spring
36.
[0028] As mentioned, the extent of linear movement
of the ball valve member 34 is limited by the position of
the stop member 38, and more specifically the distance
between the ball valve member 34 and the end surface
52 of the projection 42. Since the ball valve member 34
is only permitted to lift a relatively small distance away
from the seating region 26, this ensures that the valve
arrangement 32 is highly responsive to pressure drops
across the ball valve member 34 which limits the flow of
fluid back across the seating region 26.
[0029] The arms 50 of the cage member 44 serve as
guiding means which inhibit lateral movement of the ball
valve member 34 within the chamber 28, in particular
when the ball valve member 34 lifts away from the seating
region 26. Without such guidance, it is possible for the
ball valve member 34 to shift laterally as it lifts which can
increase the wear on the seating region and, thus, reduce
the serviceable life of the valve arrangement.
[0030] The configuration of the valve arrangement 32
lends itself to efficient assembly. Furthermore, the height
of the maximum permissible ball valve lift can be set ac-
curately, and reliably from part-to-part, as will now be
described.
[0031] Figures 4A to 4F show the valve assembly of
Figures 2 and 3 assembled step-by-step.
[0032] In a first assembly step, as shown in Figure 4A,
the ball valve member 34 is inserted into the chamber 28

through the outlet region 30 and is seated against the
seating region 26.
[0033] As shown in Figure 4B, the spring 36 is then
received onto the projection 42 of the stop member 38
until the spring 36 abuts the head region 40, following
which the stop member 38 and compression spring 36
sub-assembly is inserted into the chamber 28 such that
the spring 36 abuts up against the ball valve member 34.
This is the position shown in Figure 4C. Since the ball
valve member 34, compression spring 36 and stop mem-
ber 38 define a clearance fit with the chamber 28, the
insertion of the components may either be completed as
a manual operation or by an automated process.
[0034] In a third assembly step, the cage member 44
is press fit into the chamber 28. Since the outer dimension
of the cage member 44 is substantially equal to the in-
ternal diameter of the chamber 28, it is necessary to use
a press to install the cage member 44.
[0035] Initially, the cage member 44 is offered up to
the outlet region 30 of the chamber 28, as shown in Figure
4C, and then a press-tool 60 drives the cage member 38
further into the chamber 28, as shown in Figure 4D. The
press-tool 60 comprises a generally cylindrical rod 61
having a first end 62 (the end remote from the conduit
24) adapted for use with a engineering press and a sec-
ond end 64 adapted for engagement with the outer end
of the cage member 44 and the head region 40 of the
stop member 38.
[0036] More specifically, the second end 64 of the
press-tool 60 includes a circular projection 66 which has
a predetermined height based on the required maximum
lift height of the ball valve member. As can be seen in
Figures 4E and 4F, the second end 64 of the press-tool
60 abuts the hub 46 of the cage member 44 and the
projection 66 extends through the aperture 48 so as to
contact the upper face of the head region 40 of the stop
member 38.
[0037] As the press-tool 60 drives the cage member
44 into the chamber 28, eventually the end surface 52 of
the stop member 38 will contact the ball valve member
34 which terminates the action of the press. This position
is shown in Figure 4E and it should be appreciated that
the spring 36 is not shown for clarity.
[0038] In this position, the press-tool 60 urges the end
surface 52 of the stop member 38 into contact with the
ball valve member 34, against the force of the spring 36
and such that the head region 40 of the stop member 38
is spaced from the underside of the hub 46 of the cage
member 44. When the press-tool 60 is retracted from the
chamber 28, as shown in Figure 4F, the head region 40
of the stop member 38 is urged against the hub 46 by
the spring 36. Consequently, the end surface 52 of the
stop member 38 retracts away from the ball valve mem-
ber 34 by a corresponding amount, thereby defining the
maximum permissible lift height for the ball valve mem-
ber. It should therefore be appreciated that the maximum
lift height is defined by the depth of the projection 66 of
the press-tool 60 minus the thickness of the hub 46 of
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the cage member 44.
[0039] It should be appreciated that variations on the
embodiment described above are possible without de-
parting from the inventive concept, as defined by the
claims.
[0040] For example, the valve arrangement is de-
scribed above with reference to a specific design of
pumping unit. However, it should be noted that the pump-
ing unit is exemplary only and is not intended to limit the
scope of the invention as defined by the claims since the
valve arrangement could also be used with other pump-
ing devices.
[0041] In terms of the components of the valve ar-
rangement, the skilled person would realise that various
modifications could be made without affecting their es-
sential functionality. For instance, although the arms 50
of the cage member 44 are useful to guide movement of
the ball valve member 34, they are not essential to the
inventive concept and they may be omitted. On the other
hand, the cage member 44 may be formed with much
shorter arms so no guiding is provided and such that the
arms merely serve to grip the bore of the chamber 28 so
as to fix the cage member in place. Furthermore, although
the cage member has been described as having four
arms, the cage could also be constructed with three arms,
which may be a benefit in terms of manufacturing sim-
plicity and material costs. Alternatively, the cage member
may include more than four arms to provide closer guid-
ance to the ball valve member and if there is sufficient
clearance in the chamber.
[0042] The configuration of the stop member may also
take different forms to that described above. For exam-
ple, in another embodiment (not shown) the stop member
takes the form of a solid cylinder having a substantially
uniform diameter along its length.
[0043] In addition, although the valve member has
been described as a ball, other forms are also applicable
to the invention. For example, the valve member could
take the form of a part-hemispherical member having a
cylindrical section blended thereon. Other geometrical
prisms that could be spring biased into engagement with
the seating region to block fluid flow are also applicable.

Claims

1. A valve arrangement (32) for controlling fluid flow
comprising:

a valve housing (18) defining a chamber (28)
and a conduit (24) wherein a seating region (26)
is defined at a transition between the chamber
(28) and the conduit (24);
a valve member (34) engageable with the seat-
ing region (26);
a retaining member (44) received within the
chamber (28);
a stop member (38) having a first surface (57)

engageable with the retaining member (44) and
a second surface (52) which is spaced a prede-
termined distance from the valve member (34)
when the first surface (47) is engaged with the
retaining member (44) thereby to provide a
means to limit the maximum travel of the valve
member (34) away from the seating region (26).

2. The valve arrangement of Claim 1, wherein the stop
member (38) includes an enlarged head portion (40)
defining the first surface (47) and an elongate pro-
jecting portion (42) defining the second surface (52).

3. The valve arrangement of Claim 1 or Claim 2, further
including biasing means (36) arranged to bias the
stop member (38) into engagement with the retaining
member (44) and to bias the valve member (34) into
engagement with the seating region (26).

4. The valve arrangement of Claim 3, when dependent
on Claim 2, wherein the biasing means (36) is re-
ceived over the projecting portion (42) of the stop
member (38).

5. The valve arrangement of Claim 3 or Claim 4, where-
in the biasing means (36) is a compression spring.

6. The valve arrangement of any of Claims 1 to 5,
wherein the valve member is a ball valve member.

7. The valve arrangement of any one of Claims 1 to 6,
wherein the retaining member (44) includes a hub
(46) having a central aperture to provide access to
the stop member (38).

8. The valve arrangement of Claim 7, wherein the re-
taining member (44) is in a press fit engagement with
the chamber (28).

9. The valve arrangement of Claim 7 or Claim 8, where-
in one or more arms (50) extend from the hub (46)
in the direction of the valve member (34), to form a
cage around the stop member (38) and the valve
member (34) thereby guiding movement thereof.
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