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Description
Field of the invention

[0001] The present invention relates to an inlet valve
assembly suitable for use in a fuel pump. In particular,
the inventionrelatesto aninlet valve assembly fora pump
head of a high-pressure fuel pump for use in a common
rail fuel injection system.

Background to the invention

[0002] High-pressure fuel pumps for common rail fuel
injection systems typically comprise one or more hydrau-
lic pump heads in which fuel is pressurised in a pumping
chamber of the pump head by the reciprocating move-
ment of a plunger.

[0003] Typically, low-pressure fuel is delivered to the
pump head by a low-pressure lift pump in the fuel tank
and/or by a transfer pump built into the high-pressure
fuel pump. The low-pressure fuelis drawn into the pump-
ing chamber through an associated inlet valve on afilling
or return stroke of the plunger, during which the volume
of the pumping chamber increases. On a pumping or
forward stroke of the plunger, the inlet valve closes and
the volume of the pumping chamber decreases, resulting
in an increase in the fuel pressure within the pumping
chamber. At a pre-determined pressure, an outlet valve
associated with the pumping chamber opens to allow the
high-pressure fuel out of from the pumping chamber to
the common rail for delivery to the fuel injectors.

[0004] The fuel pressure in the common rail, which de-
termines the fuel injection pressure, may be varied from
a moderate pressure of a few hundred bar at low engine
loads and speeds to a very high pressure of up to 3000
bar or more at high engine loads and speeds.

[0005] To regulate the fuel pressure in the common
rail, an additional control valve, known as an inlet meter-
ing valve, may be provided upstream of the inlet valve of
the pumping chamber. The inlet metering valve is used
to control the amount of fuel that enters the pumping
chambers of the fuel pump, and consequently the quan-
tity of fuel that is compressed and delivered to the com-
mon rail at high pressure with each plunger stroke. A
conventional inlet metering valve is effectively a control-
lable orifice, which acts to throttle the flow of fuel to the
inlet valve of the high-pressure pump. In this way, only
the amount of fuel required by the engine is delivered to
the rail, thereby saving both fuel and energy compared
to the situation where fuel is fed by the lift or transfer
pump at constant full delivery. The inlet metering valve
is under the control of the engine control unit, which de-
termines the desired rail pressure and the actual rail pres-
sure and adjusts the inlet metering valve accordingly.
[0006] There are several disadvantages in the use of
conventional inlet metering valves. In particular, inlet me-
tering valves can be expensive and add to the overall
cost of the common rail injection system, which is unde-
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sirable. Secondly, inlet metering valves are relatively
large and space-consuming components. Thirdly, inlet
metering valves can be vulnerable to wear and to damage
due to low-quality fuels. Furthermore, in some arrange-
ments, the use of a conventional inlet metering valve
means that the metering/rail pressure control mechanism
is relatively far from the pumping chamber of the high-
pressure fuel pump, which leads to undesirable delays
in rail pressure control.

[0007] In an alternative arrangement, the inlet valve
for the pumping chamber is provided with an actuator
arrangement which allows the inlet valve to be closed in
response to a signal from the engine’s electronic control
unit. In this way, the quantity of fuel that enters the pump-
ing chamber during the filling stroke of the plunger can
be regulated without the need for an additional inlet me-
tering valve. Such arrangements are described in DE 10
2008 018 018 and EP 1921307. EP 1921307 also de-
scribes the use of the inlet valve as a spill valve to return
high-pressure fuel from the pumping chamber to the fuel
rail during the pumping stroke of the plunger.

[0008] Typically, electronically-controllable or switch-
able inlet valves are actuated by a solenoid actuator ar-
rangement operable to control the movement of a pop-
pet-type inlet valve member that s received within a bore
in the pump head. An armature is attached to a valve
stem of the valve member, and a head portion of the
valve member is engageable with an associated seating
formed at the end of the bore. When the solenoid is en-
ergised, the armature is drawn towards a core of the so-
lenoid against the force of a biasing spring, which biases
the valve stem into a normally-open position.

[0009] In practice, the performance of such solenoid-
actuated inlet valves can be compromised by several fac-
tors. For example, the inlet valve is in its fully-open po-
sition, it is desirable that the cross-sectional area avail-
able for fuel to flow between the valve head and the valve
seat is as large as possible, to maximise the flow of fuel
into the pumping chamber at high engine loads. For this
reason, the stroke of the valve member between its fully-
open position and its fully-closed position must be rela-
tively long. This, in turn, means that the air gap between
the armature and the core is relatively large when the
valve is fully open. Since the force applied to the armature
of a solenoid actuator decreases significantly as the air
gap increases, a relatively large and expensive solenoid
must be used to achieve the force necessary to close the
valve.

[0010] Also, in such an arrangement, the armature is
typically in the form of a collar that is press-fitted or oth-
erwise attached to the valve stem. Any variation in con-
centricity between the armature and the valve stem, and
between the armature and the core, can result in unde-
sirable side-loads that can cause excessive wear of the
valve member and the valve seat during the service life
of the inlet valve. Because the inlet valve is subject to
very high fuel pressures, such wear can seriously impair
the performance and reliability of the valve. The inlet
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valve must therefore be manufactured with very tightly-
controlled tolerances in the dimensions and concentricity
of the parts, which increase manufacturing complexity
and cost.

[0011] Against this background, it would be desirable
to provide an electronically-controllable inlet valve as-
sembly for the pump head of a high-pressure fuel pump
which substantially overcomes or mitigates at least some
of the above-mentioned problems.

Summary of the invention

[0012] From one aspect, the presentinvention resides
in an inlet valve assembly for a high-pressure fuel pump,
comprising an inlet valve member moveable between
open and closed positions to control the fuel flow from a
source of low-pressure fuel to a pumping chamber of the
fuel pump, and an electromagnetic actuator comprising
a core member, a solenoid coil, and an armature move-
able towards the core member in response to energisa-
tion of the coil. In a first phase of operation, the armature
is decoupled from the valve member to allow movement
of the armature towards the core member without move-
ment of the valve member. In a second phase of opera-
tion, the armature is coupled to the valve member to carry
the valve member towards its closed position.

[0013] Becausethe armature can move independently
of the valve member in the first phase of operation, any
variations in concentricity between the valve member,
the armature, the core member and/or other components
of the valve assembly can be accommodated more read-
ily than if the armature were fixedly attached to the valve
member. As a result, the dimensional tolerances of the
components of the valve assembly are less critical, and
so the cost and complexity of manufacturing the valve
assembly can be reduced.

[0014] Preferably, an annular clearance is defined be-
tween the armature and the valve member. In this way,
axial misalignment between the armature and the valve
member, for example due to manufacturing tolerances,
can be accommodated without giving rise to undesirable
side loading and wear on the valve member. In one em-
bodiment, the armature is generally tubular, and the an-
nular clearance is defined, in part, by an internal collar
of the armature.

[0015] The valve member may carry a lift collar, and
the armature may be arranged to engage with the lift
collar to couple the armature to the valve member in the
second phase of operation. For example, when the ar-
mature is tubular and includes an internal collar, the in-
ternal collar of the armature may engage with the lift col-
lar. The lift collar may include an outwardly-directed
flange, and a part of the armature (for example the inter-
nal collar, when provided) may engage with the flange.
The lift collar is preferably press-fitted or crimped onto
the valve member.

[0016] The inlet valve assembly may further comprise
a biasing spring to bias the valve member into its open
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position. When provided, the lift collar may function as a
spring seat for the biasing spring. For example, when the
lift collar includes an outwardly-directed flange, the bias-
ing spring may act on a first side of the flange, and the
internal collar of the armature may act on a second, op-
posite side of the flange.

[0017] Stop means may be provided for limiting the
opening movement of the valve member. In one embod-
iment, the stop means comprises a stop member carried
on the valve member. The stop member may be arranged
to stop against a housing part of the fuel pump to limit
the opening movement of the valve member. The stop
member may be disposed between the armature and the
valve member and, advantageously, the stop member
may be made from a non-magnetic material. With this
arrangement, the stop member helps to preventthe mag-
netic field circuit that arises upon energisation of the coil
from entering the valve member, thereby increasing the
efficiency of the actuator.

[0018] Inone embodiment, the stop member compris-
es a tubular sleeve or collar. The stop member may in-
clude an outwardly-directed flange for engagement with
a housing part of the fuel pump. In addition to limiting the
opening movement of the valve member, the stop mem-
ber may also limit movement of the armature away from
the core. The stop member may be press-fitted or
crimped onto the valve member.

[0019] A non-magnetic spacer member may be dis-
posed between the armature and the core. The spacer
member may, for example, comprise a non-magnetic
washer affixed to the armature.

[0020] The core membermay include an extended por-
tion that overlaps with the armature during at least a part
of the range of movement of the armature. In this way,
the maximum gap between the core member and the
armature can be larger, for a given core and armature
size, than would be the case if no extended portion were
present. Thus the range of movement of the valve mem-
ber can be relatively large, maximising the rate at which
fuel can flow through the inlet valve assembly to fill the
pumping chamber. Said another way, for a given maxi-
mum gap between the armature and the core member,
the presence of the extended portion of the core member
allows a smaller coil to be used than would otherwise be
the case. Thus the size of the valve assembly can be
reduced.

[0021] The extended portion preferably overlaps with
the armature along the axis of movement of the armature
over the whole range of movement of the armature. The
extended portion may, for example, comprise an annular
projection that extends from a face of the core member.
The extended portion preferably defines a recess that
receives, in part, the armature.

[0022] The inlet valve assembly may include an outer
pole. The outer pole may include an aperture forreceiving
the armature, and movement of the armature may be
guided by the aperture. The outer pole may be arranged
toretainthe core member. For example, the core member
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may comprise a flange, and the outer pole may include
a slot to receive the flange. The outer pole may be gen-
erally cup-shaped. For example, in one embodiment, the
outer pole includes a base, and the base includes the
aperture through which the armature is received.
[0023] The inlet valve assembly of the present inven-
tion is preferably adapted for use with a pump head of a
high-pressure fuel pump. To this end, the inlet valve as-
sembly may be adapted to engage with a housing of a
pump head. For example, when the inlet valve assembly
includes an outer pole, the outer pole may comprise a
mounting flange for mounting the inlet valve assembly to
the pump head housing.

[0024] A pump head for a high pressure fuel pump,
comprising an inlet valve assembly according to the
above-described aspect of the invention may also be pro-
vided. Furthermore, a fuel pump having atleast one such
pump head can also be contemplated.

Brief description of the drawings

[0025] Embodiments of the present invention will now
be described, by way of example only, with reference to
the accompanying drawings, in which like reference nu-
merals are used for like features, and in which:

Figure 1 is a cross-sectional view of part of a pump
head having an inlet valve assembly according to an
embodiment of the present invention, with the inlet
valve assembly in an open position;

Figure 2(a) is a cross-sectional view of the pump
head of Figure 1, with the inlet valve assembly in an
intermediate position; and

Figure 2(b) is a cross-sectional view of the pump
head of Figure 1, with the inlet valve assembly in a
closed position.

[0026] Throughout this description, terms such as "up-
per"and"lower" will be used with reference to the position
of the parts as shown in the accompanying drawings. It
will be appreciated, however, that the parts could adopt
different orientations in use.

Detailed description of embodiments of the inven-
tion

[0027] Figure 1 shows, in part, a pump head 10 com-
prising a head housing 12 and an inlet valve assembly
14 mounted on the head housing 12. Although not shown
in Figure 1, the head housing 12 defines a plunger bore
for receiving a plunger that reciprocates in use along a
pumping axis A to cyclically increase and decrease the
volume of a pumping chamber 16 (only the upper end of
which can be seen in Figure 1).

[0028] The upper end of the head housing 12 compris-
es a generally cylindrical turret portion 18. As will be ex-
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plained in more detail below, parts of the inlet valve as-
sembly 14 cooperate with the turret to connect the inlet
valve assembly 14 to the head housing 12.

[0029] The pumping chamber 16 is formed as a bore
in the head housing 12. During a return stroke of the
plunger, fuel can be drawn into the pumping chamber 16
by way of an inlet bore 20. The inlet bore 20 communi-
cates, by way of a drilling 22, with an annular space 24
formed by an annular v-shaped groove 26 in the top of
the turret portion 18. The annular space 24 receives fuel
at low pressure by way of inlet passages (not shown).
[0030] The flow of fuel between the inlet bore 20 and
the pumping chamber 16 is regulated by a poppet valve
member 28 of the inlet valve assembly 14. At its lowest
end, the valve member 28 is formed into a valve head
30 with a relatively large diameter. The remainder of the
valve member 28 forms a valve stem 32. A frustoconical
seating surface 34 extends from the valve head 30 to the
valve stem 32, and the seating surface 34 is engageable
with a frustoconical valve seat 36 formed in the head
housing 12 where the pumping chamber 16 meets the
inlet bore 20. In Figure 1, the valve member 28 is shown
in its open position, with the seating surface 34 disen-
gaged from the valve seat 36 to allow fuel to enter the
pumping chamber 16.

[0031] The stem 32 of the valve member 28 extends
upwardly from the valve head 30 through a guide bore
38 formed in the head housing 12. A guide portion 40 of
the stem 32 has a suitable diameter to form a sliding fit
in the guide bore 38, so that movement of the valve mem-
ber 28 is guided in an axial direction. The guide bore 38,
and hence the direction of movement of the valve mem-
ber 28, is coaxial with the pumping axis A.

[0032] An upper portion of the stem 32 of the valve
member 28 emerges from the head housing 12 and, as
will now be described, engages with an actuator arrange-
ment 50 of the valve assembly 14 that can be used to
control movement of the valve member 28.

[0033] The actuator arrangement 50 generally com-
prises a core member 52, a solenoid coil 54, an outer
pole 56, and a moveable armature 58. The outer pole 56
is mounted to the head housing 12 and is arranged to
retain the core member 52 in a position spaced from the
head housing 12, and the coil 54 and the armature 58
are disposed between the core member 52 and the head
housing 12.

[0034] The outer pole 56 comprises a generally cup-
shaped body having a base 56a and a generally cylin-
drical wall 56b extending upwardly from the base 56a. A
mounting flange or lip 56¢ extends downwardly from the
base 56a to embrace the turret portion 18 of the head
housing 12. An o-ring 60 forms a seal between the turret
portion 18 and a chamfered part of the lip 56c, to prevent
fuel leakage from the valve assembly 14.

[0035] The core member 52 comprises a generally tu-
bular central portion 52a, surrounded by an annular
flange 52b. The flange 52b extends outwardly from the
central portion 52a to mate with an annular slot 56d
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formed in the inside surface of the wall 56b of the outer
pole 56. The uppermost edge 56e of the wall 56b is
crimped over the flange 52b to retain the flange 52b in
the slot 56d.

[0036] The coil 54 is wound around a coil former 62,
preferably of plastics material. The coil former 62 is ring-
shaped, and the central portion 52a of the core member
52 is received in the centre of the ring. The coil former
62 therefore surrounds the central portion 52a of the core
member 52, and is disposed between the flange 52b of
the core member 52 and the base 56a of the outer pole
56. The coil 54 is received within an annular channel 64
formed in the outer face of the coil former 62.

[0037] The centre of the coil former 62 is in fluid com-
munication with the annular space 24 through which low-
pressure fuel is delivered to the pumping chamber 16.
To prevent leakage of fuel, the coil former 62 forms a
seal with the flange 52b of the core member 52 at its
upper end and with the base 56a of the outer pole 56 at
its lower end, with respective o-rings 66, 68 being pro-
vided to effect the seals. By virtue of these o-rings 66,
68, and the o-ring 60 that forms a seal between the outer
pole 56 and the head housing 12, fuel cannot leak from
the valve assembly 14.

[0038] The armature 58 is generally tubular, having an
outer wall 58a and an inner bore 58b through which the
stem 32 of the valve member 28 extends. The armature
has an inwardly-extending collar 58c, provided at an in-
termediate position along the bore 58b, defining a re-
stricted-diameter region within the bore 58b. The arma-
ture 58 is not fixedly connected to the valve member 28,
but instead the collar 58c of the armature 58 cooperates
with the valve member 28 to transfer movement of the
armature 58 to the valve member 28 as will be explained
below.

[0039] The base 56a of the outer pole 56 includes a
central aperture 56f for receiving the armature 58. The
outer wall 58a of the armature 58 is in sliding contact with
the wall of the aperture 56f, so that the outer pole 56
guides axial movement of the armature 58 in use.
[0040] The tubularcentral portion52a of the core mem-
ber 52 extends downwardly, towards the armature 58.
At its upper end, the tube that forms the central portion
52a is closed, so that the core member 52 acts as a cap
for the valve assembly 14, and defines a cavity 52¢ within
the central portion 52a for receiving a biasing spring 70
for the valve member 28. An upper end of the spring 70
bears against the closed end of the cavity 52c, whilst an
opposite, lower end of the spring 70 acts against a spring
collar 72 mounted on an upper part 32a of the stem 32
of the valve member 28. In this way, the spring 70 biases
the valve member 28 into its open position.

[0041] The spring collar 72 comprises a tubular sleeve
which is press-fitted onto the upper part 32a of the stem
32. At its lowermost end, the spring collar 72 is flared
outwardly to define a spring flange 72a. The spring 70
bears on the upper surface of the spring flange 72a to
apply a biasing force to the valve member 28 in its open-
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ing direction.

[0042] Thestem 32 ofthe valve member 28 also carries
a stop collar 74. The stop collar 74 is press-fitted onto
the stem 32 between the spring collar 72 and the guide
portion 40 of the stem 32. Like the spring collar 72, the
stop collar 74 comprises a tubular sleeve with an out-
wardly-flared lowermost end, to define a stop flange 74a.
The stop flange 74a abuts a raised, central portion 76 of
the turret 18 of the head housing 12 when the valve mem-
ber 28 is in its open position, as shown in Figure 1. In
this way, the stop flange 74a acts as a stop member for
limiting the opening movement of the valve member 28.
[0043] As will be appreciated from Figure 1, the spring
flange 72a and the stop flange 74a are spaced apart
along the axis of the valve member 28. The internal collar
58c of the armature 58 extends into the gap between the
spring flange 72a and the stop flange 74a. The thickness
of the internal collar 58c, in the direction of the pumping
axis A, is less than the gap between the spring flange
72a and the stop flange 74a, so that the collar 58c is a
clearance fit between the respective flanges 72a, 74a.
This allows the armature 58 to move in the axial direction
independently of the valve member 28 over a short dis-
tance corresponding to the total axial clearance between
the collar 58¢ and the flanges 72a, 74a.

[0044] As will also be appreciated from Figure 1, the
internal diameter of the collar 58c of the armature 58 is
larger than the external diameter of the tubular part of
the stop collar 74, thereby to define an annular clearance
75 between the stop collar 74 and the collar 58¢ of the
armature 58. The collar 58c of the armature 58 does not
therefore constrain the valve member 28 in the radial
direction.

[0045] With the valve member 28 in its fully-open po-
sition, as shown in Figure 1, the collar 58c rests on the
stop flange 74a, which in turn abuts the raised portion 76
of the turret 18 of the head housing 12. Therefore the
stop flange 74a also limits movement of the armature 58
away from the core member 52.

[0046] To accommodate axial movement of the arma-
ture 58 towards the core member 52 (upwards in Figure
1), the lowermost face of the central portion 52a of the
core member 52 includes a recess 52d. The outer edge
of the recess 52d is defined by a downwardly-extended
portion 52e of the core member 52, in the form of an
annular ridge or horn.

[0047] When the armature 58 is in its lowest position
with the collar 58c resting on the stop flange 74a, as
shown in Figure 1, the lowermost tip of the downwardly-
extended portion 52e overlaps with the top of the arma-
ture 58 over a relatively short distance. When the coil 54
is energised to move the armature 58 upwardly towards
the core member 52, as will be explained in more detail
below, the recess 52d receives the top end of the arma-
ture 58 and the extended portion 52e overlaps with the
armature 58 over a longer distance.

[0048] The inside diameter of the recess 52d is larger
than the outside diameter of the armature 58, so that
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there is no radial contact between the armature 58 and
the core member 52. Furthermore, a washer or spacer
78 of non-magnetic material is provided on the top face
of the armature 58, to prevent direct contact between the
armature 58 and the core member 52 and to guide the
magnetic flux to enter the armature 58 radially, rather
than axially.

[0049] The core member 52, the outer pole 56 and the
armature 58 are preferably formed from a ferromagnetic
material, such as mild steel. In this way, when the coil 54
is energised, the resulting magnetic flux is contained
within a magnetic circuit defined by these ferromagnetic
components. The spring collar 72 and the stop collar 74
are made from a non-magnetic material, such as an
austenitic stainless steel, which helps to stop the mag-
netic circuit from straying out of the armature 58 and into
the valve member 28.

[0050] Referring additionally to Figures 2(a) and 2(b),
operation of the inlet valve assembly 14 will now be de-
scribed.

[0051] When the coil 54 is energised, the armature 58
moves towards the core member 52. Initially, the arma-
ture 58 is decoupled from the valve member 28 so that,
in afirst phase of movement of the armature 58, the valve
member 28 remains stationary in its fully open position
under the influence of the biasing spring 70.

[0052] As the armature 58 continues to move towards
the core member 52, the collar 58c of the armature 58
rises to meet the spring flange 72a, as shown in Figure
2(a). In this way, the armature 58 couples to the valve
member 28. Once the collar 58c is engaged with the
spring flange 72a, in a second phase of movement of the
armature 58, the armature 58 carries the valve member
28 towards its closed position. The spring collar 72 there-
fore acts as a lift collar for the valve member 28.

[0053] As shown in Figure 2(b), closing movement of
the valve member 28 stops when the seating surface 34
of the valve member 28 meets the valve seat 36. Once
the valve member 28 is seated, further upward move-
ment of the armature 58 is blocked by the spring flange
72a, leaving arelatively small clearance between the top
of the armature 58 and the core member 52 in the axial
direction.

[0054] Advantageously, because the armature 58 is
initially decoupled from the valve member 28, and be-
cause there is an annular clearance 75 between the valve
member 28 and the armature 58, movement of the ar-
mature 58 can occur without being constrained by the
valve member 28. Consequently, any variations in con-
centricity and/or alignment between the valve member
28 and the armature 58 can be accommodated without
any adverse effect on the operation of the valve assembly
14. Said another way, because the armature 58 is de-
coupled from the valve member 28 during a first phase
of operation of the valve assembly, additional axial and
radial degrees of freedom of movement are presentcom-
pared to conventional arrangements in which the arma-
ture is fixedly attached to the valve member. These ad-
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ditional degrees of freedom allow compensation for mis-
alignment and dimensional variations due to manufac-
turing tolerances.

[0055] Furthermore, because the extended portion
52e of the core member 52 (see Figure 1), overlaps with
the armature 58, the magnetic flux is guided into the ar-
mature 58 in a more efficient manner than would be the
case if the extended portion 52e were not present (i.e. if
the lower face of the central portion 52a of the core mem-
ber 52 were planar). Therefore the actuator arrangement
of the embodiment of Figure 1 is effective even when the
air gap between the armature 58 and the core member
52 is relatively large when the valve member 28 is fully
open. Advantageously, this allows the clearance be-
tween the seating surface 34 of the valve member 28
and the valve seat 36 to be maximised for a given actuator
size, so as to provide a high flow rate of fuel into the
pumping chamber 16 during thefilling stroke of the pump-
ing element.

[0056] In use, the inlet valve assembly may be oper-
ated as follows. To fill the pumping chamber 16 during
the filling stroke of the plunger, in which the plunger
moves to increase the volume of the pumping chamber
16, the coil 54 is de-energised and the valve member 28
is held in its open position by the biasing spring 70 as
shown in Figure 1. Fuel is drawn into the pumping cham-
ber 16 past the open valve member 28 as a result of the
increase in volume of the pumping chamber 16.

[0057] An electronic control unit of the engine calcu-
lates the quantity of fuel that should be permitted to enter
the pumping chamber 16 during each filling stroke, ac-
cording to the current rail pressure and the demand for
fuel based on the prevailing engine operating conditions.
Once the valve member 28 has been in its open position
for a sufficient portion of the filling stroke to admit the
desired quantity of fuel, the coil 54 is energised in re-
sponse to a signal from the electronic control unit. After
the initial phase of movement of the armature 58, during
which the armature 58 is decoupled from the valve mem-
ber 28, the armature 58 then couples to the valve member
28 as shown in Figure 2(a) and carries the valve member
58 to its closed position against the force of the biasing
spring 70, as shown in Figure 2(b). Further filling of the
pumping chamber 16 is thus prevented.

[0058] Once the plunger has completed its filling
stroke, the pumping stroke of the plunger begins to de-
crease the volume of the pumping chamber 16, thereby
to increase the pressure of fuel in the pumping chamber
16. Flow of fuel out of the pumping chamber 16 through
the inlet valve is prevented by the seated valve member
28. The fuel pressure in the pumping chamber 16 applies
a force to the valve member 28 in the closing direction,
which becomes sufficient to overcome the opening force
applied to the valve member 28 by the spring 70. At this
point, the coil 54 can be de-energised to save energy:
the valve member 28 remains in its closed position as a
result of the fuel pressure in the pumping chamber 16.
[0059] The high-pressure fuel in the pumping chamber
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16 is expelled through an outlet valve (not shown) of the
pump head, which opens at a pre-determined pressure.
As the pumping stroke ends and the filling stroke begins,
the fuel pressure acting on the valve member 28 drops
and the biasing spring 70 causes the valve member 28
to move back into its open position, as shown in Figure
1, to admit fuel into the pumping chamber 16 once more.
[0060] In the illustrated embodiment of the invention,
the spring collar functions as a lift collar with which the
armature engages to carry the valve member into its
closed position. However, in other embodiments of the
invention, separate spring and lift collars may be provid-
ed.

[0061] Whilst the inlet valve assemblies described
above are of the normally-open type, it would also be
conceivable to provide an inlet valve assembly of the
normally-closed type, in which the actuator is energised
to open the valve, and the armature couples to the valve
member to carry the valve member to is open position.
In general terms, an inlet valve assembly for a high-pres-
sure fuel pump may comprise an inlet valve member
moveable between open and closed positions to control
the fuel flow from a source of low-pressure fuel to a pump-
ing chamber of the fuel pump, and an electromagnetic
actuator comprising a core member, a solenoid coil, and
an armature moveable towards the core member in re-
sponse to energisation of the coil. In a first phase of op-
eration, the armature is decoupled from the valve mem-
ber to allow movement of the armature towards the core
member without movement of the valve member, and in
a second phase of operation, the armature is coupled to
the valve member to carry the valve member towards
either its open position or its closed position.

[0062] It will be appreciated that further modifications
and variations not explicitly described above are also
possible without departing from the scope of the invention
as defined in the appended claims.

Claims

1. Aninlet valve assembly (14) for a high-pressure fuel
pump, comprising:

an inlet valve member (28) moveable between
open and closed positions to control the fuel flow
from a source (24) of low-pressure fuel to a
pumping chamber (16) of the fuel pump; and
an electromagnetic actuator (50) comprising a
core member (52), a solenoid coil (54), and an
armature (58) moveable towards the core mem-
ber (52) in response to energisation of the coil
(54);

wherein, in a first phase of operation, the arma-
ture (58) is decoupled from the valve member
(28) to allow movement of the armature (58) to-
wards the core member (52) without movement
of the valve member (28), and wherein, in a sec-
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ond phase of operation, the armature (58) is cou-
pled to the valve member (28) to carry the valve
member (28) towards its closed position.

2. Aninletvalve assembly according to Claim 1, where-
in an annular clearance (75) is defined between the
armature (58) and the valve member (28).

3. Aninletvalve assembly according to Claim 2, where-
inthe armature (58) is generally tubular, and wherein
the annular clearance (75) is defined, in part, by an
internal collar (58c) of the armature (58).

4. Aninlet valve assembly according to any of Claims
1 to 3, wherein the valve member (28) carries a lift
collar (72), and wherein the armature (58) is ar-
ranged to engage with the lift collar (72) to couple
the armature (58) to the valve member (28) in the
second phase of operation.

5. Aninletvalve assembly according to Claim 4, further
comprising a biasing spring (70) to bias the valve
member (28) into its open position, and wherein the
lift collar (72) comprises a spring seat for the biasing
spring (72a).

6. Aninletvalve assembly accordingto Claim 5, where-
in the lift collar (72) is press-fitted or crimped onto
the valve member (28).

7. Aninlet valve assembly according to any preceding
Claim, further comprising stop means (74, 76) for
limiting the opening movement of the valve member
(28).

8. Aninletvalve assembly according to Claim 7, where-
in the stop means comprises a stop member (74)
carried on the valve member (28) and arranged to
stop against a housing part (76) of the fuel pump to
limit the opening movement of the valve member
(28).

9. Aninletvalve assembly according to Claim 8, where-
in the stop member (74) is disposed between the
armature (58) and the valve member (28), and
wherein the stop member (74) is made from a non-
magnetic material.

10. An inlet valve assembly according to Claim 8 or
Claim 9, wherein the stop member (74) comprises a
tubular sleeve.

11. An inlet valve assembly according to any of Claims
7 to 10, wherein the stop member (74) limits move-
ment of the armature (58) away from the core mem-
ber (52).

12. An inlet valve assembly according to any preceding
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claim, further comprising a non-magnetic spacer
member (78) disposed between the armature (58)
and the core member (52).

An inlet valve assembly according to any preceding
Claim, wherein the core member (52) includes an
extended portion (52e) that overlaps with the arma-
ture (58) along the axis of movement of the armature
(52) over at least a part of the range of movement
of the armature (52).

An inlet valve assembly according to Claim 13,
wherein the extended portion (52e) overlaps with the
armature (58) along the axis of movement of the ar-
mature (52) over the whole range of movement of
the armature (52).

An inlet valve assembly according to Claim 13 or
Claim 14, wherein the extended portion (52¢) defines
a recess (52d) that receives, in part, the armature
(52).
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