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(54) A Valve Member for a Fluid Valve Arrangement

(57) A valve member suitable for use in a fuel injector
in an internal combustion engine, the valve member hav-
ing an end face including an outer edge region defining
an annular seating line for engaging a seating surface,

in use, the outer edge region enclosing a generally sphe-
roidal recessed inner region.
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Description

TECHNICAL FIELD

[0001] This invention relates to a control valve arrange-
ment for use in controlling fluid pressure within a control
chamber. In particular, the invention relates to a control
valve arrangement for use in controlling fluid pressure
within a control chamber forming part of a fuel injector of
an internal combustion engine.

BACKGROUND OF THE INVENTION

[0002] It is known to provide a fuel injector with a con-
trol valve arrangement which is arranged to control move-
ment of a fuel injector valve needle relative to a seating
so as to control the delivery of fuel from the injector. Move-
ment of the valve needle away from the seating permits
fuel to flow from an injector delivery chamber through an
outlet of the injector into the engine cylinder or other com-
bustion space. One known configuration of control valve
arrangement is disclosed in EP1604104.
[0003] Typically, such a control valve arrangement in-
cludes a control valve member which is movable between
a first position, in which fuel under high pressure is able
to flow into the control chamber, and a second position
in which the control chamber communicates with a low
pressure fuel reservoir. A surface associated with the
valve needle is exposed to fuel pressure within the control
chamber such that the pressure of fuel within the control
chamber applies a force to the valve needle to urge the
valve needle against its seating.
[0004] In order to commence injection, the valve ar-
rangement is actuated such that the control valve mem-
ber is moved into its second position, thereby causing
fuel pressure within the control chamber to be reduced.
The force urging the valve needle against its seating is
therefore reduced and fuel pressure within the delivery
chamber serves to lift the valve needle away from its
seating to permit fuel to flow through the injector outlet.
In order to terminate injection, the valve arrangement is
actuated such that the control valve member is moved
into its first position, thereby permitting fuel under high
pressure to flow into the control chamber. The force act-
ing on the valve needle due to fuel pressure within the
control chamber is therefore increased, causing the valve
needle to be urged against its seating to terminate injec-
tion.
[0005] In order for internal-combustion engines, espe-
cially diesel engines, to meet increasingly stringent en-
vironmental regulations, the fuel injectors used therein
should be capable of delivering very small quantities of
fuel over a wide range of fuel pressures, and up to pres-
sures in the region of 3000 bar. The valves for use in
injectors at these pressures tend to be smaller and hence
present manufacturing difficulties. As a result, features
on such valves tend to be a compromise between per-
formance and manufacturing capability.

[0006] It is at such high operating pressures that known
control valve arrangements suffer problems. Firstly, it has
been observed that when operating at high pressures,
cavitation occurs at the seating region of the control valve
member: the cavitation increases in severity as the pres-
sure increases. Cavitation in this region tends to erode
the valve member thereby having a detrimental effect on
the viability of the seal formed with its complementary
seating surface. The effect of this is a loss of injector
performance which results in degraded combustion and,
hence, increased exhaust emission levels.
[0007] It has also been observed that high operating
pressures result in increased impact forces between the
control valve member and its seat, which can lead to
chipping of the hardened coating that is known to be ap-
plied to such control valve members to improve their wear
resistant properties.

SUMMARY OF THE INVENTION

[0008] It is with a view to addressing the above prob-
lems that, from one aspect, the invention provides a valve
member suitable for use in a fuel injector in an internal
combustion engine, the valve member having an end
face including an outer edge region defining an annular
seat for engaging a seating surface, in use, and which
encloses a generally spheroidal recessed inner region.
[0009] The invention extends to a valve arrangement
including a valve housing defining a seating surface with
which the seat of the valve member is arranged to be
engageable, in use.
[0010] The generally spheroidal recess of the inner re-
gion enables the ’dead volume’ of the valve member, that
is to say the volume under the end face, to be significantly
reduced compared to known valve member configura-
tions which reduces the likelihood of cavitation damage
occurring as the valve member is lifted from its seating
surface, in use. Preferably, the recessed inner region has
a depth defined substantially along the longitudinal axis
of the valve member, wherein the ratio of the depth to
the diameter of the valve member is in the range of 1:35
to 1:65.
[0011] In one embodiment, the outer edge region is
also generally spheroidal and has shallower curvature
than the curvature of the recessed inner region. Ex-
pressed another way, outer edge region has a greater
radius of curvature than the inner region. Arranging the
outer and inner regions in this way enables the dead vol-
ume to be minimised within manufacturing limitations,
and also lends itself to efficient manufacturing techniques
since the inner region can be formed in a first step in
which a significant amount of material is removed from
the valve member, and then, in a second step, the outer
spheroidal region is formed.
[0012] In an alternative embodiment, the outer edge
region is a frustoconical surface that defines an angle in
the range of 0.5 to 5 degrees, and preferably 1.5 degrees,
with a plane normal to a longitudinal axis of the valve
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member.
[0013] Furthermore, the outer edge region has a length
defined along a plane normal to the longitudinal axis of
the valve member, wherein the ratio of the length of the
outer edge region to the diameter of the valve member
is in the range of between 1:25 and 1:35, and preferably
1:28. The shallow incline of the outer edge region results
in a hydraulic ’squeeze effect’ in use - expressed in an-
other way, fluid, for example diesel fuel, is squeezed be-
tween the outer edge region of the valve member and its
seating surface when the valve member is forced into
engagement with the seating surface. Advantageously,
therefore, this provides a damping force to reduce the
closing velocity of the valve member, thereby lessening
the impact force generated between the valve member
and the seating surface which reduces valve damage.
This feature is particularly beneficial in fast acting valves
operating at high fluid pressures, for example in high-
pressure diesel injection systems in which injection pres-
sures can exceed 3000bar, where the impact forces are
generally higher than in lower pressure applications.
[0014] In order to guard against generation of debris
from the underside of the valve member, the transition
between the outer edge region and the recessed inner
region may be blended so as to avoid sharp geometric
lines of intersection so as to be smooth or burr-free.
Therefore, the cross-section of the end face of the valve
member can be described as curvilinear. This feature
also enhances adherence of a hardened coating that may
be applied to the underside of the valve member since
such coatings tend to be sensitive to sharp surface dis-
continuities so a smooth profile is desirable.
[0015] From a second aspect, the invention provides
a valve member suitable for use in a fuel injector in an
internal combustion engine, the valve member having an
end region defining an outer wall and an end face, where-
in a frustoconical surface connects the outer wall and the
end face, and wherein a seating line is defined at an
intersection between the frustoconical surface and an
outer edge region of the end face.
[0016] Advantageously, the frustoconical transition (in
other words, angled or bevelled) between the outer wall
of the valve member and the end face provides the ad-
vantage of improving the adhesion potential of a hard-
ened coating, for example a Diamond Like Carbon (DLC)
or other such coating known in the art that may be applied
by physical or chemical vapour deposition processes.
Therefore, the valve member of the invention including
this feature is more hardwearing than known valve mem-
bers.
[0017] It is preferred that the frustoconical outer sur-
face defines an angle of 45 degrees to the longitudinal
axis of the valve member, which provides the optimum
balance between ease of manufacturing, durability of the
seating line and improvement of coating adhesion. How-
ever, it should be noted that a range of angles between
5 and 50 degrees would also provide a significant benefit,
being a compromise between functionality and manufac-

turing.
[0018] The invention also resides is a control valve ar-
rangement including a valve housing within which a valve
member as described above is slidable and including a
seating surface with which an end of the valve member
is engageable.
[0019] It should be appreciated that preferred and/or
optional features of the first aspect of the invention may
be combined with the second aspect of the invention,
and vice versa.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] In order that the invention may be better under-
stood, it will now be described, by way of example only,
with reference to the accompanying drawings, in which:

Figure 1 is a simplified schematic side view, in cross
section, of a fuel injector incorporating a control valve
arrangement including a valve member in accord-
ance with an embodiment of the invention;

Figure 2a is an enlarged side view of part of the con-
trol valve arrangement in Figure 1;

Figure 2b is a sectioned view of the control valve
arrangement in Figure 2a;

Figure 3a is an enlarged side view of part of a control
valve arrangement of another embodiment of the in-
vention; and

Figure 3b is a sectioned view of the control valve
arrangement in Figure 3a.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Referring to Figure 1, a fuel injector 10 compris-
es an injector nozzle 12 and a three-way nozzle control
valve arrangement (NCV) 14. An injector body 16 sits
between the injector nozzle 12 and the control valve ar-
rangement 14, and all three components are housed
within a generally tubular injector housing 17, also known
in the art as a ’cap nut’.
[0022] The nozzle 12 comprises a nozzle body 22 that
defines a blind bore 20 within which a elongate nozzle
needle 18 is slidably received. A lower end 24 of the
nozzle needle 18 terminates in a nozzle tip and is en-
gageable with a first needle seat 26 defined by the blind
end of the bore 20 so as to control fuel delivery through
a set of outlet openings 28 provided in the nozzle body
22 into a combustion space 27. It should be noted at this
point that the nozzle needle 18 is shown in Figure 1 dis-
engaged from the needle seat 26 for clarity.
[0023] The nozzle 12 also includes a spring 30 re-
ceived on the nozzle needle 18 which abuts the nozzle
body 16 and acts on a spring seat 31 attached to the
nozzle needle 18 so as to bias it towards the first needle
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seat 26. Fuel under high pressure is delivered from a fuel
supply to an enlarged region 20a of the nozzle bore 20,
in use, through a supply passage 32 defined, in part, by
the various components of the injector 10, as will be de-
scribed in more detail below.
[0024] An upper end 34 of the nozzle needle 18, re-
mote from the outlet openings 28, is slidable within a
cylindrical guide bore 36 in the injector body 16. The up-
per end 34 is also referred to as the "needle piston". It
should be understood that the terms ’upper’ and ‘lower’
are used for convenience, and refer to the orientation of
the injector 10 as illustrated in the drawings; these terms
are not intended to limit the scope of the invention or
imply any limitations on the actual orientation of the in-
jector 10 in use.
[0025] A control chamber 38 is located axially in line
and above the needle piston 34 in the orientation shown
in Figure 1. The control chamber 38 is defined in part by
the cylindrical guide bore 36 and in part by an end surface
40 of the needle piston 34. Fuel pressure within the con-
trol chamber 38 applies a force to the end surface 40 of
the nozzle needle 18, which serves to urge the nozzle
needle 18 against the first needle seat 26 to prevent fuel
injection through the outlet openings 28.
[0026] In use, with high pressure fuel supplied to the
nozzle chamber 20 through the supply passage 32, a
force is applied to a thrust surface 42 of the nozzle needle
18 which serves to urge the nozzle needle 18 away from
the first needle seat 26. If fuel pressure within the control
chamber 38 is reduced sufficiently, the force acting on
the thrust surface 42 due to fuel pressure within the noz-
zle chamber 20 in addition to the force from the gas pres-
sure in the combustion chamber 27 acting on the needle
tip, is sufficient to overcome the force acting on the end
surface 40 of the nozzle needle 18, and the force on the
nozzle needle 18 provided by the spring 30 (the spring
pre-load force), such that the nozzle needle 18 lifts away
from the first needle seat 26 to commence fuel injection.
Thus, by controlling fuel pressure within the control
chamber 38, initiation and termination of fuel injection
can be controlled.
[0027] The pressure of fuel within the control chamber
38 is controlled by means of the control valve arrange-
ment 14. The control valve arrangement 14 includes a
pin-like valve member 44 which is slidable within a valve
guide bore 46 defined in a valve housing 48, which sits
atop of and abuts the injector body 16. The injector body
16 is provided with a first drilling 50 which defines a flow
passage from the control chamber 38 to the valve guide
bore 46 via a further drilling 51 provided in the valve hous-
ing 48. The injector body also defines a lateral drilling 52
that defines a second flow passage leading from the low-
er end of the valve guide bore to the peripheral outer wall
of the injector body where a drain chamber 53 is defined
by the injector housing 17, the drain chamber being at a
low pressure level.
[0028] An upper end face 54 of the injector body 16
defines a first valve seat 56 with which a lower end region

57 of the valve member 44 is engaged when the valve
member 44 is moved into a first position. The valve guide
bore 46 is also shaped to define a second valve seat 58
with which a surface of the valve member 44 is engaged
when it is moved upwardly into a second position.
[0029] Movement of the valve member 44 is controlled
by means of an electromagnetic actuator arrangement
62 housed within an actuator housing 64. The actuator
housing 64 abuts the valve housing 48, both housings
48, 64 being provided with respective drillings 66, 68
which connect to a respective drilling 65 in the injector
body 16 and, thus, form part of the supply passage 32
to the nozzle chamber 20. The valve housing 48 also
defines an intermediate passage 70 that connects the
supply passage 32 with an upper annulus 71 in the valve
guide bore 46.
[0030] The electromagnetic actuator arrangement 62
includes an electromagnet 72 that is located in the actu-
ator housing 64 so as to be in close proximity to an ar-
mature 74 affixed to an upper end of the valve member
44. Activation of the electromagnet 72 attracts the arma-
ture thereby lifting the valve member 44 upwardly in an
axial direction. A helical compression spring 76 is located
in a spring chamber 78 of the actuator housing 64 which
acts on the upper end of the valve member 44 to ensure
that the valve member 44 is biased into engagement with
the first valve seat 56, in circumstances where the elec-
tromagnet 72 is de-energised.
[0031] It should be appreciated at this point that al-
though an electromagnetic actuator 72 is described, the
axial position of the valve member 44 within the valve
guide bore 46 may also be controlled by other means
that would be apparent to the skilled person, for example
by a piezoelectric actuator or a magnetorestrictive actu-
ator.
[0032] In use, when the control valve arrangement 14
is de-energised, that is when the valve member 44 is in
its first position such that a lower end thereof is in en-
gagement with the first valve seat 56, fuel at high pres-
sure is able to flow from the supply passage 32 through
the intermediate passage 70 defined in the valve housing
48 into the annulus 71 of the valve guide bore 46, past
the second valve seat 58 and through the drillings 50 and
51 into the control chamber 38 thereby pressurising the
control chamber 38. In such circumstances, the nozzle
needle 18 is urged against the first needle seat 26 be-
cause the net downward force on the nozzle needle 18
provided by the pressurised fuel in the control chamber
38 acting on the end surface 40 of the nozzle needle 18,
in combination with the spring pre-load force, is greater
than the net upward force on the nozzle needle 18 pro-
vided by the pressurised fuel in the nozzle chamber 20
acting on the thrust surface 42 of the nozzle needle 18
in combination with the force exerted on the nozzle nee-
dle tip by pressurised gas in the combustion space 27.
Thus, fuel injection through the outlet openings 28 does
not occur.
[0033] Conversely, in order to initiate a fuel injection
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event, the control valve arrangement 14 is energised
such that the valve member 44 is moved away from the
first valve seat 56 into engagement with the second valve
seat 58, such that fuel within the supply passage 32 is
no longer able to flow past the second valve seat 58 to
the control chamber 38. Instead, fuel within the control
chamber 38 is able to flow through the flow passage 50,
past the lower end region 57 of the valve member and,
subsequently, the first valve seat 56 and through the sec-
ond flow passage 52 to the low pressure fuel reservoir.
Fuel pressure within the control chamber 38 is therefore
reduced or, in other words, the control chamber 38 is
depressurised. As a result, the nozzle needle 18 is urged
away from the first needle seat 26 due to the force of fuel
pressure within the nozzle chamber 20 acting on the
thrust surface 42 of the nozzle needle 18 being sufficient
to overcome the reduced force acting on the end surface
40 of the nozzle needle 18 and the spring pre-load force,
and high pressure fuel is delivered through the outlets
28 into the combustion space 27. Termination of an in-
jection event is achieved by de-activating the actuator
arrangement 62.
[0034] Figures 2a and 2b show the lower end region
57 of the valve member 44 in greater detail than in Figure
1 so that the geometrical features of the valve member
44 are clearly apparent.
[0035] The lower end region 57 of the valve member
44 is generally a solid metallic cylinder, for example of
steel, and defines a cylindrical wall 59 and lower end face
80 that is engageable with the valve seating 56 (not
shown in Figures 2a and 2b). The lower end region 57
and the lower end face 80 comprise several beneficial
features, as will now be explained.
[0036] A common technique to improve the durability
of valve members in general is to apply a hard coating,
for example a Diamond Like Carbon (DLC) or nitride coat-
ing to the end region of the valve member via either a
physical or chemical vapour deposition process as are
known in the art. However, the applicant has observed
that known valve members having such coatings are sus-
ceptible to wear in certain circumstances, particularly
when the impact loads of the valve members are in-
creased, as can occur when operating pressures are in
the region of 3000 bar, for example.
[0037] In order to address this problem, the distal end
of the lower end region 57 is shaped to define a frusto-
conical annular shoulder 82 at an oblique angle to the
axis ’A’ of the valve member 44, the shoulder 82 con-
necting the wall 59 and the end face 80. In this embodi-
ment, the shoulder 82 defines a 45 degree angle to the
axis A.
[0038] The provision of the frustoconical shoulder 82
has been observed to improve the adhesion of the hard-
ened coating to the underlying surface of the valve mem-
ber, and particularly the region of the valve member that
contact the seating surface in use, so that it is less likely
to abrade during use. Although an angle of 45 degrees
is currently preferred, it is envisaged that any angle within

the range of 5 to 50 degrees is also suitable and would
provide a durability benefit.
[0039] In addition to the frustoconical shoulder 82, the
lower end face 80 is dished so as to define a shallow
depression or recess 84, as can be viewed most clearly
in Figure 2b. The recess 84 is generally circular in profile
when viewed in the direction of the end face 80 and ex-
tends at a shallow angle so as to define a circular seating
line 90 where the recess 84 intersects the frustoconical
shoulder. The seating line 90 serves to engage the seat-
ing surface 56, in use.
[0040] The recess 84 is defined by two regions: a cen-
tral (or inner) region 84b, and a peripheral (or outer) edge
region 84a, the radius of curvature of the inner region
84b being less than the outer region 84a.
[0041] The shallowness of the recess 84, identified in
Figure 2b as ’d’, results in a much lower ’dead volume’
underneath the valve member compared to known valve
members, for instance as exemplified by EP03762755,
which includes a centre drilling formed as part of a man-
ufacturing process. The comparatively small dead vol-
ume lessens the severity of cavitation damage that may
otherwise occur at high operating pressures as the valve
member 44 is retracted from its seat 56, which therefore
has the benefit of improving the durability of the valve
member 44 and, more specifically, the durability of the
seating line 90 defined at the periphery of the recess 84.
By way of example, the applicant has determined that a
suitable range for the depth ’d’ of the recess 84b com-
pared to the diameter D of the valve member is between
approximately 1:35 and 1:65 when expressed as a ratio
(i.e. between approximately 1.5% and 3% of the diameter
of the end region 57).
[0042] Conveniently, the end region 57 may be man-
ufactured such that the inner region 84b is formed first,
for example by milling, which removes a significant vol-
ume of material. Following this, the outer peripheral re-
gion 84a may be formed. The advantage of this technique
is that the inner region, which can tolerate having a rel-
atively rough finish may be formed, so a large volume of
material can be removed relatively rapidly. The relatively
shallow outer region can then be formed with a finer fin-
ish.
[0043] Although this embodiment has been described
as including the angled annular shoulder 82 and the valve
face recess 84 in combination, it should be noted that
either feature could be provided in isolation in order to
obtain their associated advantages.
[0044] Referring to Figures 3a and 3b, an alternative
embodiment of the invention is shown in which features
similar to those in Figures 2a and 2b are denoted by like
reference numerals. Note that, in this embodiment, the
lower end region 57 of the valve member 44 retains the
annular shoulder 82 of the embodiment of Figures 2a
and 2b. The lower end face 84 also includes a cavitation-
reducing recess 100 which has a curvilinear profile, in
cross-section, instead of the distinct inner and outer ra-
diussed regions (84b, 84a in Figures 2a and 2b.
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[0045] More specifically, an outer peripheral edge re-
gion 100a (also shown inset for clarity) is a frustoconical
surface defining an angle θ2 of preferably 1.5 degrees
with a plane normal to the major axis A-A of the valve
member 44. Moving radially inwards from the outer pe-
ripheral region 100a, the recess blends into a generally
spherical inner or central region 100b. Expressed anoth-
er way, the lower end face 84 of the valve member 44 is
shaped to define a curvilinear profile, free from sharp
geometric transitions.
[0046] Compared to the embodiment of Figures 2a and
2b it should be noted that blending between the outer
peripheral portion 100a and the central region 100b
avoids the formation of any geometrical transitions in the
end face, therefore avoiding the possibility of such tran-
sitions wearing/chipping during use which would present
a possible risk of fuel contamination. The smooth profile
of the recess 100 also improves the adherence of a hard-
ened coating (e.g. DLC or nitride) that may be applied to
the underside of the valve member.
[0047] The benefit of the shallow angle θ2 defined by
the outer region 100a is to provide a hydrodynamic damp-
ing effect as the lower end face 84 of the valve member
44 comes into contact with a seating surface 56 in use.
However, it should be noted that although 1.5 degrees
is presently preferred as striking a balance between re-
ducing cavitation within the recess 100 as a whole and
providing an sufficient damping effect upon valve mem-
ber seating, it is envisaged that a range of angles be-
tween 0.5 and 5 degrees will also provide acceptable
results. A further benefit is that the shallow angle improve
the adherence of a hardened coating applied to the un-
derside of the valve member since such a coating will
experience less stress than compared to an angled sur-
face. Note that a hardened coating (e.g. DLC or nitride)
is more resistant to compressive forces than shearing
forces, as would arise in the coating at a corner or edge.
[0048] The horizontal length component of the periph-
eral region 100a, marked as L1 in Figure 3b, is selected
to be long enough to provide a sufficient damping effect
but not so long as to introduce unwanted flow restrictions
to the valve member at small valve lifts. The Applicant
has determined that an optimum range for the length L1
compared to the diameter of the valve member 44 is be-
tween 1:25 and 1:35 (or between about 3% an 4% when
expressed as a percentage), whilst a ratio of 1:28 has
been observed as particularly effective.
[0049] It should be appreciated that the specific em-
bodiments described above are exemplary only and that
variations or modification would be apparent to the skilled
person without departing from the inventive concept as
defined by the claims.

Claims

1. A valve member (44) suitable for use in a fuel injector
in an internal combustion engine, the valve member

(44) having an end face (80) including an outer edge
region (84, 100) defining an annular seating line (90)
for engaging a seating surface (56), in use, the outer
edge region enclosing a generally spheroidal re-
cessed inner region (84b, 100b).

2. The valve member of claim 1, wherein the outer edge
region (84a) is spheroidal and has a curvature less
than the curvature of the recessed inner region (84b).

3. The valve member of claim 1, wherein the outer edge
region (100a) is a frustoconical surface.

4. The valve member of claim 3, wherein the outer edge
region (100a) defines an angle in the range of 0.5 to
5 degrees with a plane normal to a longitudinal axis
of the valve member.

5. The valve member of claim 4, wherein the outer edge
region (100a) defines an angle of 1.5 degrees with
a plane normal to a longitudinal axis of the valve
member (44).

6. The valve member of any one of claims 3 to 5, where-
in the outer edge region (100a) has a length (L1)
defined along a plane normal to the longitudinal axis
of the valve member (44), wherein the ratio of the
length (L1) of the outer edge region (100a) to the
diameter (D) of the valve member (44) is in the range
of between 1:25 and 1:35.

7. The valve member of any one of claims 3 to 5, where-
in the outer edge region (100a) has a length defined
along a plane normal to the longitudinal axis of the
valve member (44), wherein the ratio of the length
of the outer edge region (100a) to the diameter (D)
of the valve member is 1:28.

8. The valve member of any one of claims 3 to 7, where-
in a transition between the outer edge region (100a)
and the recessed inner region (100b) is blended so
as to avoid sharp geometric lines of intersection ther-
ebetween.

9. The valve member of any one of claims 1 to 8, where-
in the recessed inner region (84b, 100b) has a depth
(d) defined substantially along the longitudinal axis
of the valve member (44), wherein the ratio of the
depth (d) to the diameter (D) of the valve member is
in the range of 1:35 to 1:65.

10. The valve member of any one of claims 1 to 9, in-
cluding an outer wall (59), wherein a frustoconical
surface (82) connects the outer wall (59) and the
seating line (90).

11. The valve member of claim 10, wherein the frusto-
conical surface (82) defines an angle of 45 degrees
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to the longitudinal axis of the valve member (44).

12. A valve member (44) suitable for use in a fuel injector
in an internal combustion engine, the valve member
(44) having an end region (57) defining an outer wall
(59) and an end face (80), wherein a frustoconical
surface (82) connects the outer wall (59) and the end
face (80), and wherein a seating line (90) is defined
at an intersection between the frustoconical surface
(82) and an outer edge region (84a, 100a) of the end
face (80).

13. The valve member of claim 12, wherein the outer
edge region (100a) is a frustoconical surface, and
encloses a spheroidal recess inner region (100b).

14. The valve member of claim 13, wherein a transition
between the outer edge region (100a) and the re-
cessed inner region (100b) is blended so as to avoid
sharp geometric lines of intersection therebetween.

15. The valve member of claim 13 or claim 14, wherein
the outer edge region (100a) defines an angle in the
range of 0.5 to 5 degrees with a plane normal to a
longitudinal axis of the valve member, and wherein
the outer edge region (100a) has a length (L) defined
along the plane normal to the longitudinal axis of the
valve member, wherein the ratio of the length of the
outer edge region to the diameter (D) of the valve
member is 1:28.
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