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(54) Pumping assembly

(57) A pumping assembly (100; 200) suitable for use
as a high-pressure fuel pump of a fuel injection system
is disclosed. The pumping assembly comprises a cam
(104; 204) arranged for eccentric rotation about a drive
shaft axis (A), a cam rider (106; 206) mounted on the
cam (104; 204), a cam follower (112; 212) arranged for
reciprocal movement in a direction parallel to a cam fol-
lower axis (Q), the cam follower (112; 212) being coop-
erable with the rider (106; 206) by way of a sliding inter-
face (110, 116; 210, 216) to define a sliding axis (S), and
a pumping element associated with the cam follower
(112; 212) and arranged to reduce the volume of a pump-
ing chamber during a forward stroke and to increase the
volume of the pumping chamber during a reverse stroke.
The rider (106; 206) is driveable by the cam (104; 204)
in a direction having a first component parallel to the cam
follower axis (Q) and a second component in a direction
perpendicular to the cam follower axis (Q). In one em-
bodiment, the sliding axis (S) is inclined at a non-perpen-
dicular angle to the cam follower axis (Q), such that both
the first component and the second component of move-
ment of the rider (106; 206) give rise to movement of the
cam follower (112; 212) in the direction parallel to the
cam follower axis (Q). In another embodiment, the cam
follower (212) comprises first and second surfaces (216,
216a) that cooperate with the rider (206) at the first and
second sliding interfaces (210, 216; 210a, 216a), respec-
tively, and the forward stroke of the pumping element is
driven when the rider (206) thrusts against the first sur-
face (216) during movement of the rider (206) and the
return stroke of the pumping element is driven when the

rider (206) thrusts against the second surface (216a) dur-
ing movement of the rider (206).
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Description

Field of the invention

[0001] This invention relates to a pumping assembly
for pumping a fluid. In particular, but not exclusively, the
invention relates to a pumping assembly suitable for use
in a high-pressure fuel pump of a fuel injection system
for an internal combustion engine.

Background to the invention

[0002] Figure 1 of the accompanying drawings is a
schematic diagram of a conventional fuel injection sys-
tem 10 for an internal combustion engine.
[0003] The fuel injection system 10 comprises a plu-
rality of fuel injectors 12. Each injector 12 is arranged to
deliver an atomised spray of high-pressure fuel to a re-
spective combustion chamber (not shown) of the engine.
The injectors 12 receive fuel at high pressure from an
accumulator volume or rail 14, by way of high-pressure
supply lines 16. The rail 14 comprises a reservoir for high-
pressure fuel.
[0004] Delivery of fuel from the injectors 12 is control-
led by an electronic control unit 18. When a fuel injection
from one of the injectors 12 is required, the electronic
control unit 18 sends an actuation signal to the injector
12, which causes actuation of a delivery valve (not
shown) of the injector 12.
[0005] Fuel is pumped to the rail 14 from a storage
tank 20 by a fuel pump assembly 22. The fuel pump as-
sembly 22 includes a low-pressure transfer pump 24,
which serves to convey fuel from the tank 20 to the pump
assembly 22, and a high-pressure pump 26 which ele-
vates the pressure of the fuel to the injection pressure,
typically of the order of 2000 bar. Fuel is conveyed from
the tank 20 to the pump assembly 22 by way of a low-
pressure fuel line 28, and from the pump assembly 22 to
the rail by way of a high-pressure fuel line 30.
[0006] An inlet metering valve 32, under the control of
the engine control unit 18, is provided between the trans-
fer pump 24 and the high-pressure pump 26 of the pump
assembly 22. The inlet metering valve 32 determines how
much fuel reaches the high-pressure pump 26, for sub-
sequent pressurisation and delivery to the rail 14. The
fuel pressure in the rail 14 is regulated to a target value
by the electronic control unit 18. A pressure-limiting valve
36 and return line 38 prevent the rail pressure exceeding
a pre-determined acceptable level.
[0007] The high-pressure pump 26 comprises a pump-
ing head 50, shown schematically in Figure 2, which is
arranged to receive a reciprocable pumping plunger or
pumping element 52. The pump 26 further comprises a
drive assembly 54, shown schematically in Figure 3, for
driving reciprocal movement of the pumping element 52.
It should be noted that the cross-sectional views of the
pumping head 50 and the drive assembly 54 in Figures
2 and 3 respectively are not to scale.

[0008] The pumping head 50 comprises a housing 56
that includes a blind bore 58. The pumping element 52
is slidably received within the bore 58. A pumping cham-
ber 60 at the blind end of the bore 58 is defined in part
by the pumping member 52 and in part by the bore 58.
As the pumping element 52 is driven in reciprocal motion
along a pumping axis Q by the drive assembly 54, the
volume of the pumping chamber 60, and hence the pres-
sure in the pumping chamber 60, increases and decreas-
es accordingly.
[0009] The pumping head 50 further comprises a
spring-biased inlet valve 62 and a spring-biased outlet
valve 64. When the pumping element 52 moves down-
wards (referred to as a filling stroke or return stroke of
the pumping element 52), the volume of the pumping
chamber 60 increases, the outlet valve 64 closes, and
the inlet valve 62 opens when the pressure differential
across it reaches a first predetermined level. Fuel is then
admitted to the pumping chamber 60 from a fuel supply
passage 63, through the inlet valve 62. The fuel supply
passage 63 is fed with fuel from the inlet metering valve
(32 in Figure 1).
[0010] When the pumping element 52 moves upwards
(referred to as a pumping stroke or forward stroke of the
pumping element 52), the volume of the pumping cham-
ber 60 decreases. The inlet valve closes 62, and the pres-
sure of fuel in the pumping chamber 60 increases. The
outlet valve 64 is arranged to open when the pressure
differential across it reaches a second pre-determined
level. Fuel is then delivered through the outlet valve 64
from the pumping chamber 60, for delivery to the fuel rail
14 through an outlet passage 65. By setting the second
pre-determined differential pressure level at a high level,
for example 2000 bar or more, the fuel rail 14 can be
pressurised to a suitably high pressure for injection.
[0011] Referring to Figure 3, the drive assembly 54
comprises a housing 70, also known as a cam box, which
houses a cylindrical cam 72. The housing 70 is only par-
tially shown in Figure 3. The cam 72 is driven in eccentric
rotational movement by a drive shaft (not shown in Figure
3) that extends through the housing 70, so that the cyl-
inder axis C of the cam describes a circular path around
the axis A of the drive shaft (which extends normal to the
drawing plane in Figure 3) as the drive shaft rotates. The
path described by the edge of the cam 72 as it rotates is
indicated by the dashed line P in Figure 3. The drive shaft
has a smaller diameter than the cam 72.
[0012] The cam 72 carries a cam ring or rider 74, which
includes a central cylindrical aperture 76 for receiving the
cam 72. The rider 74 includes a flattened surface region
or flat 78, which is arranged to cooperate with a cam
follower or tappet 80 that acts as a drive member for the
pumping element 52. The cam 72 is free to rotate in the
aperture 76, so that the orientation of the flat 78 of the
rider 74 remains horizontal in use.
[0013] The tappet 80 is guided for reciprocal move-
ment through an opening 82 in the housing 70, and is
coupled to the pumping element 52 so that movement of
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the tappet 80 causes movement of the pumping element
52.
[0014] The tappet 80 includes a flat base surface 84
that is held in sliding contact with the flat 78 of the cam
rider 74 by a biasing spring 86. The housing 70 contains
a lubricant (conveniently fuel) that lubricates the sliding
interfaces between the tappet 80 and the rider 74 and
between the tappet and the wall of the opening 82.
[0015] Operation of the drive assembly 54 will now be
described with reference to Figures 4(a) to 4(c). In use,
the drive shaft rotates about its axis A, in a clockwise
direction in the figures, causing eccentric clockwise
movement of the cam 72.
[0016] Two stages in the movement of the cam 72 from
its lowermost position (bottom dead centre or BDC) to its
uppermost position (top dead centre or TDC) are shown
in Figures 4(a) and 4(b). As the drive shaft rotates, the
cam 72 carries the rider 74 in a path having an upward
component, towards the opening 82 in the housing 70.
By virtue of the upward component of movement of the
rider 74, the tappet 80, is driven upwards by the rider 74,
so as to drive the forward stroke of the pumping element
(52 in Figure 2).
[0017] Once the cam 72 reaches TDC, continued ro-
tation of the drive shaft results in the cam 72 carrying the
rider 74 in a path having a downward component, away
from the opening 82 in the housing 70. The biasing spring
86 keeps the tappet 80 in engagement with the flat 78 of
the rider 74, so that the tappet 80 moves downwards and
the pumping element (52 in Figure 2) is therefore driven
by the biasing spring 86 in its return stroke.
[0018] When the cam 72 reaches BDC, as shown in
Figure 4(c), the pumping cycle repeats as the drive shaft
continues to rotate.
[0019] During the pumping cycle, the flat 78 of the rider
74 slides laterally across the bottom surface 84 of the
tappet 80 along a sliding axis (arrow S in Figure 3). The
rider 74 moves from left to right in Figure 3 when the cam
72 moves from 90° before TDC to 90° after TDC, for
example as shown in Figures 4(a) and 4(b), and from
right to left when the cam 72 moves from 90° after TDC
to 90° before TDC, for example as shown in Figure 4(c).
Since lateral movement of the tappet 80 is constrained,
the bottom surface 84 of the tappet 80 keeps the flat 78
of the rider 74 oriented in a plane normal to the pumping
axis Q. Further guide means for the rider and/or the tap-
pet 80 may be provided.
[0020] A second pumping head (not shown) may be
mounted diametrically opposite the pumping head 50
shown in Figure 3. In this case, a pumping element (not
shown) associated with the second pumping head is driv-
en by a tappet (not shown) that cooperates with a second
flat 78a provided on the rider 74. The second pumping
head provides the high-pressure pump 26 with extra
pumping capacity, and also helps to balance the moving
components of the pump 26.
[0021] The maximum delivery pressure achievable by
the high-pressure pump 26 depends, in part, on the

stroke length of the pumping element 52. The stroke
length is the distance travelled by the pumping element
52 between the start and the end of the forward stroke.
With a longer stroke length, the volume change of the
pumping chamber 60 is greater, and so the fuel in the
pumping chamber 60 is elevated to a higher pressure.
[0022] In general terms, there is a desire to be able to
provide fuel to the injectors at increasing pressures, since
increased injection pressure can help to improve injection
control, emissions and fuel efficiency. Accordingly, it is
desirable to maximise the stroke length of the pumping
element 52 of a high-pressure pump 26.
[0023] In the configuration shown in Figure 3, in which
the pumping axis Q intersects the drive shaft axis A, the
stroke length is twice the distance between the drive shaft
axis A and the cam axis C. The stroke length of the pump-
ing element 52 can therefore be increased by increasing
the offset distance between the drive shaft axis A and
the cam axis C, and therefore the eccentricity of the cam
72 with respect to the drive shaft.
[0024] The maximum offset distance between the
drive shaft axis A and the cam axis C is, in practice, equal
to the difference between the radius of the cam 72 and
the radius of the drive shaft, since otherwise the cam
rider 74 would not be able to pass over the drive shaft
during manufacture to reach the cam 72. Accordingly, to
increase the maximum offset distance between the drive
shaft axis A and the cam axis C, a larger-diameter cam
72 must be used.
[0025] This approach has disadvantages. Increasing
the diameter of the cam 72 increases the inertia of the
rotating components, and therefore decreases the effi-
ciency of the pump 26 and potentially increases wear
rates on the drive shaft bearings. Also, during assembly,
the drive shaft and cam 72 must pass through an aperture
in at least one wall of the housing 70. The drive shaft is
held in a bearing in the aperture. The larger the cam 72,
the larger the diameter of the bearing required, which
increases the cost and complexity of the pump 26.
[0026] Another consideration in high-pressure fuel in-
jection is that the high-pressure pump 26 must be able
to deliver a sufficient quantity of fuel to the rail 14 to meet
the demand from the fuel injectors 12. At particularly high
engine loads, the fuel demand can be considerable. One
solution to maintaining sufficient fuel output from the
high-pressure pump 26 is to increase the drive speed of
the drive shaft, to increase the rate of pumping.
[0027] The pumping rate can, however, be limited by
the ability of the biasing spring 86 to keep the tappet 80
in contact with the rider 74 on the return stroke of the
pumping element 52. Also, as the pumping rate increas-
es, the risk of fatigue damage to the spring 86 increases.
[0028] Against this background, it would be desirable
to provide pumping arrangements that offer an increase
in output pressure and volume that overcome or reduce
the problems described above.
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Summary of the invention

[0029] From a first aspect, the present invention re-
sides in a pumping assembly comprising a cam arranged
for eccentric rotation about a drive shaft axis, a cam rider
mounted on the cam, a cam follower arranged for recip-
rocal movement in a direction parallel to a cam follower
axis, the cam follower being cooperable with the rider by
way of a sliding interface to define a sliding axis, and a
pumping element associated with the cam follower and
arranged to reduce the volume of a pumping chamber
during a forward stroke and to increase the volume of
the pumping chamber during a reverse stroke.
[0030] The rider is driveable by the cam in a direction
having a first component parallel to the cam follower axis
and a second component in a direction perpendicular to
the cam follower axis. The sliding axis is inclined at a
non-perpendicular angle to the cam follower axis, such
that both the first component and the second component
of movement of the rider give rise to movement of the
cam follower in the direction parallel to the cam follower
axis.
[0031] Because both the first and second components
of movement of the rider are converted into reciprocal
linear motion of the cam follower, the distance moved by
the cam follower in the direction parallel to the cam fol-
lower axis, and hence the stroke length of the pumping
element during its forward and return strokes, is in-
creased. In particular, the stroke length of the pumping
element in a pumping assembly according to the first
aspect of the invention is greater than the stroke length
in a conventional arrangement having a cam with the
same diameter and position with respect to the drive shaft
axis, in which the sliding axis is perpendicular to the cam
follower axis such that only the first component of move-
ment of the rider is converted into reciprocal linear motion
of the cam follower.
[0032] Accordingly, the present invention provides a
pumping assembly capable of higher pressure and high-
er volume output than previously-known pumping as-
semblies in which the sliding axis is perpendicular to the
cam follower axis.
[0033] In one embodiment, the cam follower axis is
perpendicular to the drive shaft axis. The second com-
ponent of movement of the rider may be perpendicular
to the drive shaft axis.
[0034] The cam follower may be cooperable with the
rider by way of first and second sliding interfaces that are
parallel to the sliding axis. For example, the cam follower
may comprise first and second surfaces that cooperate
with the rider at the first and second sliding interfaces,
respectively. Advantageously, the forward stroke of the
pumping element may be driven when the rider thrusts
against the first surface during movement of the rider and
the return stroke of the pumping element is driven when
the rider thrusts against the second surface during move-
ment of the rider. In this way, both the forward stroke and
the return stroke of the pumping element are driven by

the cam, by way of the rider and the cam follower. Ad-
vantageously, therefore, it is not necessary to provide a
biasing spring to keep the cam follower in contact with
the rider.
[0035] The present invention also resides, in a second
aspect, to a pumping assembly that comprises a cam
arranged for eccentric rotation about a drive shaft axis,
a cam rider that cooperates with the cam, a cam follower
arranged for reciprocal movement in a direction parallel
to a cam follower axis that is perpendicular to the drive
shaft axis, and a pumping element associated with the
cam follower and arranged to reduce the volume of a
pumping chamber during a forward stroke and to in-
crease the volume of the pumping chamber during a re-
verse stroke.
[0036] The cam follower comprises first and second
surfaces that cooperate with the rider at first and second
sliding interfaces, respectively. The forward stroke of the
pumping element is driven when the rider thrusts against
the first surface during movement of the rider and the
return stroke of the pumping element is driven when the
rider thrusts against the second surface during move-
ment of the rider. Preferably, the cam rider is mounted
on the cam.
[0037] In this second aspect of the invention, both the
forward stroke and the return stroke of the pumping ele-
ment are driven by the cam, by way of the rider and the
cam follower. Accordingly, it is not necessary to provide
a biasing spring to keep the cam follower in contact with
the rider. Therefore, since the maximum rate of pumping
is not limited by the capabilities of a biasing spring, the
pumping assembly of the second aspect of the invention
can operate at an increased pumping rate. Furthermore,
because a force is applied to the cam follower by the cam
throughout the whole pumping cycle, smooth and stable
reciprocal movement of the cam follower and the pump-
ing element can be achieved.
[0038] In either aspect of the invention, when the cam
follower comprises first and second surfaces that coop-
erate with the rider at first and second sliding interfaces,
respectively, the cam follower may include a first cross
member comprising the first surface and a second cross
member comprising the second surface. The first and
second cross members may be disposed on opposite
sides of the rider.
[0039] The cam follower may include at least one con-
necting member that connects the first cross member to
the second cross member. The cam follower may define,
at least in part, a volume for receiving the rider and the
cam. The volume may receive a lubricating fluid, such a
fuel, in use of the pumping assembly.
[0040] In one embodiment, the cam follower compris-
es first and second connecting members that connect
respective ends of the first cross member to correspond-
ing ends of the second cross member, such that the first
and second cross members and the first and second con-
necting members define, at least in part, the volume for
receiving the rider and the cam.
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[0041] The sliding interface may comprise at least one
flattened region of the rider for cooperation with a surface
of the cam follower.
[0042] The pumping assembly may further comprise
a housing that receives the cam, the rider and the cam
follower. Conveniently, the housing guides the cam fol-
lower for reciprocal movement in a direction parallel to
the cam follower axis. For example, the cam follower may
include guide members arranged in sliding contact with
a wall of the housing for guiding the reciprocal movement
of the cam follower. The guide members may comprise
the connecting members that connect the respective
ends of the first cross member to corresponding ends of
the second cross member, when present.
[0043] The cam follower may comprise a first drive
member for driving the pumping element, wherein the
drive member extends out of the housing. The cam fol-
lower may further comprise a second drive member for
driving a further pumping element, in which case the sec-
ond drive member may extend out of the housing in an
opposite direction to the first drive member. The or each
drive member may be integral with or connected to the
cam follower, and/or integral with or connected to the
pumping element.
[0044] The pumping assembly may include fluid flow
means for permitting fluid flow through or past the rider
and/or the cam follower during movement of the rider
and/or the cam follower. For example, the fluid flow
means may comprise at least one fluid flow passage in
the cam follower.
[0045] In another aspect, the invention resides in a
high-pressure fuel pump for a fuel injection system, com-
prising a pumping assembly according to the first or sec-
ond aspects of the invention, and a pump head that in-
cludes the pumping chamber.
[0046] Preferred and/or optional features of each as-
pect of the invention may be used alone or in appropriate
combination in the other aspects of the invention also.

Brief description of the drawings

[0047]

Figure 1 of the accompanying drawings, which has
been referred to above, is a schematic diagram of a
conventional fuel injection system of an internal com-
bustion engine having a conventional high-pressure
fuel pump.

Figures 2 and 3, which have also been referred to
above, are schematic cross-sectional views of a
pumping head and a drive assembly, respectively,
of a conventional high-pressure fuel pump for use in
the fuel injection system of Figure 1.

Figures 4(a) to 4(c) are schematic cross-sectional
views that illustrate the operation of the conventional
drive assembly of Figure 3.

[0048] Embodiments of the present invention will now
be described, by way of example only, with reference to
the remaining accompanying drawings, in which like ref-
erence numerals are used for like features, and in which:

Figure 5 is a schematic cross-sectional view of a
pumping arrangement according to a first embodi-
ment of the present invention;

Figures 6(a) to 6(c) are schematic cross-sectional
views illustrating the operation of the pumping ar-
rangement of Figure 5;

Figure 7 is a schematic graph illustrating the rela-
tionship between displacement and cam rotation an-
gle for a pumping arrangement such as that shown
in Figure 5, compared to a conventional pumping
arrangement;

Figure 8 is a schematic cross-sectional view of a
pumping arrangement according to a second em-
bodiment of the present invention;

Figures 9(a), 9(b) and 9(c) are front, side and per-
spective views of a cam follower of the pumping ar-
rangement of Figure 8; and

Figure 10 is a schematic cross-sectional view of a
pumping arrangement according to a third embodi-
ment of the present invention.

[0049] Throughout this description, terms such as ’up-
per’, ’lower’, ’left’, ’right’, ’horizontal’, ’vertical’ and so on
relate to the orientation of the components as shown in
the accompanying drawings and are used for ease or
reference only. It should be understood that the invention
could be used in any suitable orientation.

Detailed description of embodiments of the inven-
tion

[0050] Figure 5 shows a drive assembly 100 for a
pumping arrangement, for use as a high-pressure fuel
pump in a fuel injection system.
[0051] The drive assembly 100 includes a housing
102, only part of which is shown in Figure 5, which houses
a cylindrical cam 104. The cam 104 is mounted eccen-
trically on a drive shaft (not shown in Figure 5), so that
the cylinder axis C of the cam 104 is parallel to, but offset
from, the axis A of the drive shaft. In use, when the drive
shaft rotates, the cam 104 rotates eccentrically so that
the outermost edge of the cam 104 describes a path
shown by the dashed line P in Figure 5.
[0052] The cam 104 carries a cam ring or rider 106.
The cam 104 is received in a cylindrical aperture 108 in
the rider 106. The rider 106 includes first and second
flattened regions or flats 110, 110a, disposed either side
of the aperture 108. The flats 110, 110a are parallel to
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one another, and are inclined at an angle with respect to
the horizontal in the orientation shown in Figure 5.
[0053] A tappet or cam follower 112 is slidably received
in an aperture 114 in the housing 102. The cam follower
112 is guided for linear reciprocal movement by the ap-
erture 114 along a pumping axis Q. The cam follower
112 includes a drive member 158 that is coupled to a
pumping element (not shown), such as a pumping plung-
er, that cooperates with a suitable pumping head mount-
ed outside the housing 102. For example, a known pump-
ing head such as that shown in Figure 2 may be provided.
[0054] The pumping element is driven in reciprocal mo-
tion by the cam follower 112 so as to pump fluid to an
outlet of the pumping head at high pressure during a for-
ward or pumping stroke, and to draw fluid into the pump-
ing head from an inlet during a return or filling stroke. The
operation of the pumping head is as described above
with reference to Figure 2.
[0055] Returning to Figure 5, the cam follower 112 in-
cludes an end surface 116 that is inclined to the horizontal
in the orientation shown in Figure 5. The angle of incli-
nation of the flats 110, 110a of the rider 106 matches the
angle of inclination of the end surface 116 of the cam
follower 112, so the end surface 116 of the cam follower
112 is in sliding contact with the uppermost flat 110 of
the rider 106, to define a sliding interface between the
rider 106 and the cam follower 112. Contact between the
end surface 116 of the cam follower 112 and the flat 110
is maintained by a biasing spring (not shown).
[0056] By virtue of the inclination of the cam follower
end surface 116 and the flat 110, the sliding interface
between the rider 106 and the cam follower 112 lies in a
plane having a normal direction that is inclined at an angle
to the pumping axis Q. Said another way, the rider 106
and the cam follower 112 slide with respect to one an-
other along a sliding axis (indicated by arrow S) that is
inclined at a non-perpendicular angle to the pumping ax-
is. The cam 104 is rotatable relative to the rider 106 so
that the orientation of the rider 106 remains constant in
use.
[0057] Operation of the pumping mechanism of Figure
5 will now be described with reference to Figures 6(a) to
6(c), which show successive stages in operation as the
drive shaft rotates in a clockwise direction.
[0058] Figure 6(a) shows the mechanism when the
cam 104 is approximately mid-way between bottom dead
centre (BDC) and top dead centre (TDC). As the cam
104 rotates in a clockwise direction, towards TDC, the
rider moves in a direction having an upward component
of movement and a horizontal component of movement
(to the right in Figure 6(a)). The flat 110 of the rider 106
slides along the end surface 116 of the cam follower 112,
so that the rider 106 moves to the right in the drawings
relative to the cam follower 112.
[0059] By virtue of the angled orientation of the flat
110, both the upward and the horizontal components of
movement of the rider 106 result in upward movement
of the cam follower 112, and drive the forward stroke of

the pumping element.
[0060] Figure 6(b) shows the drive assembly when the
cam 104 has reached a position just after TDC. The rider
106 is now moving in a direction having a downward com-
ponent of movement and a horizontal component of
movement (to the right in Figure 6(b)). If the flat 110 were
horizontal, in this position the cam follower 112 would be
at a lower position than when the cam 104 is at TDC.
However, because of the angled orientation of the flat
110, in the position shown in Figure 6(b) the cam follower
112 has moved further upwards, because the rider 106
has moved further to the right with respect to the cam
follower 112. Therefore the inclination of the flat 110 in-
creases the upward displacement of the cam follower
112, and hence increases the length of the pumping
stroke of the pumping element.
[0061] Figure 6(c) shows the drive assembly when the
cam 104 has reached a position approximately 45° be-
fore BDC. The rider 106 is now moving in a direction
having a downward component of movement and a hor-
izontal component of movement (towards the left in Fig-
ure 6(c)). The rider 106 moves to the left with respect to
the cam follower 112, so that both the downward and
horizontal components of movement of the rider 106 give
rise to downward movement of the cam follower 112,
thereby driving the return stroke of the pumping element
under the influence of the biasing spring.
[0062] As the cam 104 passes BDC, the cam rider 106
is still moving towards the left, so that the cam follower
112 continues to move downwards. Thus the inclination
of the flat 110 also increases the downward displacement
of the cam follower 112, and hence increases the length
of the return stroke of the pumping element.
[0063] Figure 7 is a graph showing the relative dis-
placement of the cam follower 112 with respect to cam
angle, where a cam angle of 0° or 360° represents TDC
and a cam angle of 180° represents BDC. The solid line
marked "I" in Figure 7 corresponds to a drive mechanism
as shown in Figures 5 to 6(c), in which the sliding axis S
is inclined at an angle of 25° to the horizontal (equivalent
to an angle of 65° to the pumping axis Q). For comparison,
the dashed line marked "H" in Figure 7 corresponds to a
drive mechanism such as that shown in Figure 3, in which
the sliding axis is at an angle of 90° to the pumping axis
Q (i.e., in Figure 3, the sliding axis S between the tappet
80 and the rider 74 is perpendicular to the pumping axis
Q).
[0064] From a comparison of lines "I" and "H" in Figure
7, it can be seen that in an arrangement having a sliding
axis S that is inclined at a non-perpendicular angle to the
pumping axis Q, the cam follower undergoes an in-
creased displacement, and hence the pumping stroke is
longer, compared to a conventional arrangement with a
sliding axis S that is perpendicular to the pumping axis
Q. The maximum positive and negative displacements
of the cam follower occur after TDC and after BDC, re-
spectively, and are shifted by an angle equal to the incli-
nation of the normal of the sliding interface plane to the
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pumping axis Q. In this example, therefore, the maximum
positive and negative displacements occur 25° after TDC
and BDC, respectively.
[0065] Although only one cam follower 112 is shown
in Figures 5 to 6(c), it will be appreciated that a second
cam follower with an associated pumping element and
pumping head could be provided, to cooperate with the
lowermost flat 110a of the rider 106.
[0066] It will be appreciated that an arrangement such
as that shown in Figures 5 to 6(c), in which the flats 110,
110a of the rider 106 are inclined or slanted, will give rise
to an increased side-loading on the cam follower 112
during operation, compared to a conventional arrange-
ment in which the flats lie in a plane that is normal to the
pumping direction. Furthermore, the rider 106 is free to
rotate on the cam 104, and so the cam follower 112 acts
to keep the rider 106 in the correct orientation in use.
[0067] Accordingly, care must be taken to guide the
cam follower 112 in linear movement, and to avoid ex-
cessive wear of the cam follower 112, particularly where
the cam follower surface 116 meets the flat 110.
[0068] As will be understood by a person skilled in the
art, suitable guide means may be provided to guide linear
movement of the cam follower 112. In one example, a
linear bearing sleeve can be used to guide movement of
the follower 112 in the housing aperture 114. In another
example, the cam follower 112 comprises guide means
in the form of guiding members that extend laterally in
opposite directions from the follower 112 to engage slid-
ingly with internal walls of the housing 102.
[0069] Another example of suitable guide means is
embodied in a drive assembly 200 according to a second
embodiment of the invention, which is shown in cross-
section in Figure 8.
[0070] The drive assembly 200 of Figure 8 includes a
housing 202, which houses a cylindrical cam 204. The
cam 204 is mounted eccentrically on a drive shaft, the
position of which is indicated by the dashed line 205 in
Figure 8. As in the first embodiment of the invention, the
cylinder axis C of the cam 204 is parallel to, but offset
from, the axis A of the drive shaft. In use, when the drive
shaft rotates, the cam 204 rotates eccentrically so that
the outermost edge of the cam 204 describes a path
shown by the dashed line P in Figure 8.
[0071] The cam 204 carries a cam ring or rider 206.
The cam 204 is received in a cylindrical aperture 208 in
the rider 206. The rider 206 includes parallel first and
second flattened regions or flats 210, 21 0a, disposed
either side of the aperture 208.
[0072] A cam follower 212 cooperates with the rider
206, and is guided for linear reciprocal movement along
a pumping axis Q, as will be described in more detail
below. In this second embodiment of the invention, the
cam follower 212 defines an internal volume 250, in which
the rider 206 is slidably received.
[0073] Referring additionally to Figures 9(a), 9(b) and
9(c), which show the cam follower 212 of the drive as-
sembly 200 of Figure 8 in isolation, the cam follower 212

includes a first or upper inclined member 252 and a par-
allel second or lower inclined member 252a, each of
which extends at a non-perpendicular angle to the pump-
ing axis Q. The cam follower further includes a first ver-
tical member 254 that extends downwardly from the right-
hand end of the first inclined member 252, and a second
vertical member 254a that extends upwardly from the
left-hand end of the second inclined member 252a. A first
curved link member 256 joins the left-hand end of the
first inclined member 252 to the top end of the second
vertical member 254a, and a second curved link member
256a joins the right-hand end of the second inclined
member 252a to the bottom end of the first vertical mem-
ber 254.
[0074] In this way, the inclined members 252, 252a,
the vertical members 254, 254a and the link members
256, 256a define a cage-like structure that encloses the
volume 250, and the rider 206, therewithin. The volume
250 is open to the front and rear faces of the cam follower
212.
[0075] As illustrated in Figure 8, the angle of inclination
of the flats 210, 210a of the rider 206 matches the angle
of inclination of the inclined members 252, 252a of the
cam follower 212, so a lower surface 216 of the first in-
clined member 252 of the cam follower 212 is in sliding
contact with the uppermost flat 210 of the rider 206, and
so an upper surface 216a of the second inclined member
252a is in sliding contact with the lowermost flat 210a.
Therefore two sliding interfaces are defined between the
rider 206 and the cam follower 212, each lying in a plane
having a normal direction that is inclined at an angle to
the pumping axis Q. As in the first embodiment of the
invention, in this second embodiment, the rider 206 and
the cam follower 212 slide with respect to one another
along a sliding axis S that is inclined at a non-perpendic-
ular angle to the pumping axis Q. The cam 204 is rotatable
relative to the rider 206.
[0076] First and second drive members 258, 258a
project upwardly and downwardly from the first and sec-
ond inclined members 252, 252a, respectively. Each
drive member 258, 258a cooperates with an associated
pumping element (not shown). The drive assembly 200
is provided with an upper and a lower pumping head,
disposed opposite one another across the drive shaft axis
A, and each pumping head receives a respective upper
and lower one of the pumping elements. The pumping
heads may be of a known type, such as that described
above with reference to Figure 2.
[0077] Referring again to Figure 8, the housing 202
comprises a wall part 260, which is visible in cross-sec-
tion in Figure 8, and front and rear face plates (not shown)
that are attachable to the front and rear sides of the wall
part 260. The face plates include apertures that allow the
drive shaft to pass through the housing 202.
[0078] The wall part 260 of the housing 202 has an
irregular generally hexagonal cross-section, and an inner
wall 262 of the wall part 260 defines a housing volume
263 in which the cage-like structure of the cam follower
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212 is received. The inner wall 262 includes first and
second vertical guide surfaces 264, 264a, and the first
and second vertical members 254, 254a respectively of
the cam follower 212 are in sliding contact with the vertical
guide surfaces 264, 264a. The inclined members 252,
252a and the link members 256, 256a of the cam follower
212 are spaced from the inner wall 262 of the housing
wall part 260, so that the cam follower 212 can move up
and down within the housing volume 263.
[0079] The housing wall part 260 includes first and sec-
ond apertures 266, 266a, through which the drive mem-
bers 258, 258a extend. The drive members 258, 258a,
are a clearance fit in the apertures 266, 266a, and so in
this embodiment the cam follower 212 is not guided by
cooperation with the housing 202 at the apertures 266,
266a, but instead by cooperation between the vertical
members 254, 254a of the cam follower 212 and the in-
ternal vertical guide surfaces 262, 262a of the housing
202.
[0080] Referring back to Figures 9(a) to (c), the front
face 269 of the cam follower 212 and the rear face 269a
of the cam follower 212 are in sliding engagement with
the internal surfaces of the front and rear face plates (not
shown) of the housing 202 in use. Accordingly, cooper-
ation between the front and rear faces 269, 269a of the
cam follower 212 and the face plates of the housing 202
also acts to guide the movement of the cam follower 212.
[0081] In use, the housing volume 263 and the volume
250 defined by the cam follower 212 contain lubricating
fluid, such as fuel, which lubricates the sliding interfaces
between the vertical members 254, 254a of the cam fol-
lower 212 and the guide walls 262, 262a of the housing
202, the sliding interfaces between the inclined members
252, 252a of the housing cam follower 212 and the flats
210, 210a of the rider 206, and also the sliding interfaces
between the front and rear faces 269, 269a of the cam
follower 212 and the front and rear face plates of the
housing 202. It will be appreciated that, in use, the sizes
of the housing volume 263 and the cam follower volume
250 change cyclically as the cam follower 212 moves
with respect to the housing 202, and as the rider 206
moves with respect to the cam follower 212.
[0082] To allow the fluid to flow freely within and be-
tween the volumes 250, 263 in operation, the cam fol-
lower 212 is provided with fluid flow means. The fluid flow
means include vertically-extending recesses or channels
268, 268a in the outer surfaces of the first and second
vertical members 254, 254a of the cam follower 212. One
channel 268 extends from the first inclined member 252
to the second link member 256a, and the other channel
268a extends from the second inclined member 252a to
the first link member 256. The channels 268, 268a allow
fluid to flow past the cam follower 212 as it moves up and
down within the housing volume 263.
[0083] The fluid flow means further includes first and
second slots 270, 270a that extend through the first and
second vertical members 254, 254a, respectively, of the
cam follower 212, to communicate with the respective

channel 268, 268a. In addition, the fluid flow means in-
cludes first and second drillings 272, 272a, that extend
through the first and second link members 256, 256a of
the cam follower 212, respectively. The slots 270, 270a
and drillings 272, 272a allow fluid transfer between the
volume 250 defined by the cam follower 212 and the
housing volume 263.
[0084] Operation of the drive assembly 200 of the sec-
ond embodiment of the invention is conceptually similar
to the operation of the drive assembly 100 of the first
embodiment of the invention, as described with reference
to Figures 4(a) to 4(c). In particular, by virtue of the incli-
nation of the flats 210, 210a of the rider 206 and of the
inclined members 252, 252a of the cam follower 212,
both the vertical and horizontal components of movement
of the rider 206 are converted to movement of the cam
follower 212 in a direction parallel to the pumping axis
Q. Accordingly, as in the first embodiment of the inven-
tion, this second embodiment has the advantage that the
displacement of the cam follower 212, and hence the
length of the pumping stroke, is larger than would be
achieved using a conventional rider with a horizontal slid-
ing interface between the rider and the cam follower.
[0085] Additionally, because movement of the cam fol-
lower 212 is guided by sliding interfaces between the
front and rear faces 269, 269a of the cam follower 212
and the front and rear face plates of the housing 202,
and particularly between the vertical members 254, 254a
of the cam follower 212 and the guide walls 262, 262a
of the housing 202, lateral loadings that arise from the
inclination of the sliding axis S are borne by the housing
202 without affecting the cam follower 212.
[0086] A further advantage of the second embodiment
of the invention arises because the rider 206 is embraced
between the inner faces of the first and second inclined
members 252, 252a of the cam follower 212. When the
rider 206 moves against the first inclined member 252,
the first drive member 258 moves upwards, driving the
forward stroke of the upper pumping element. The sec-
ond drive member 258a also moves upwards, driving the
return stroke of the lower pumping element. When the
rider 206 moves against the second inclined member
252a, the first and second drive members 258, 258a both
move downwards, driving the return stroke of the upper
pumping element and the pumping stroke of the lower
pumping element, respectively.
[0087] Accordingly, both the forward and return
strokes of both pumping elements are driven by the co-
operative movement of the rider 206 against the cam
follower 212. The drive assembly 200 of the second em-
bodiment of the invention does not therefore require bi-
asing springs or other biasing means for driving the return
strokes of the pumping elements. Instead, the cam fol-
lower 212 remains engaged with the rider 206 by virtue
of the cage-like arrangement of the cam follower 212,
and equal force is applied to the drive members 258,
258a in both the forward and return strokes. As a result,
the drive assembly 200 of the second embodiment of the
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invention can be operated at higher speeds and has a
higher resistance to fatigue damage than conventional
drive assemblies.
[0088] It will be appreciated that the drive assembly
200 of Figure 8 would still offer the advantages of a bi-
asing spring-free pumping arrangement even if the flats
of the rider were horizontally oriented for cooperation with
horizontal members of a cage-like cam follower. Such an
arrangement is illustrated in Figure 10, which is a sche-
matic cross-sectional view of a drive assembly 300 ac-
cording to a third embodiment of the present invention.
[0089] The drive assembly 300 of Figure 10 includes
a housing 302, which houses a cylindrical cam 304. The
cam 304 is mounted eccentrically on a drive shaft, the
position of which is indicated by the dashed line 305 in
Figure 10. As in the first and second embodiments of the
invention, the cylinder axis C of the cam 304 is parallel
to, but offset from, the axis A of the drive shaft.
[0090] As in previous embodiments of the invention,
the cam 304 carries a cam ring or rider 306 that includes
parallel first and second flattened regions or flats 310,
310a, disposed either side of a cam-receiving aperture
308. The cam 304 is rotatable relative to the rider 306.
[0091] A cam follower 312 cooperates with the rider
306, and is guided for linear reciprocal movement along
a pumping axis Q. The cam follower 312 defines an in-
ternal volume 350, in which the rider 306 is slidably re-
ceived.
[0092] The cam follower 312 includes a first or upper
horizontal member 352 and a parallel second or lower
horizontal member 352a, each of which extend in a plane
that lies normal to the pumping axis Q. The cam follower
further includes a first vertical member 354 that connects
the right-hand ends of the horizontal members 352, 352a,
and a second vertical member 354a that connects the
left-hand ends of the horizontal members 352, 352a. The
vertical and horizontal members 352, 352a; 354, 354a
define a cage-like structure that encloses the volume
350, and the rider 306, therewithin. The volume 350 is
open to the front and rear faces of the cam follower 312,
but is closed by front and rear face plates (not shown) of
the housing 302.
[0093] A lower surface 316 of the first horizontal mem-
ber 352 of the cam follower 312 is in sliding contact with
the uppermost flat 310 of the rider 306, and an upper
surface 316a of the second horizontal member 352a is
in sliding contact with the lowermost flat 310a. Therefore
two sliding interfaces are defined between the rider 306
and the cam follower 312, each lying in a plane having
a normal direction that is parallel to the pumping axis Q.
[0094] First and second drive members 358, 358a
project upwardly and downwardly from the first and sec-
ond horizontal members 352, 352a, respectively, through
apertures 366, 366a in the housing 302. As in the second
embodiment of the invention, in this third embodiment
each drive member 358, 358a cooperates with an asso-
ciated pumping element (not shown). The drive assembly
300 is provided with an upper and a lower pumping head,

disposed opposite one another across the drive shaft axis
A, and each pumping head receives a respective upper
and lower one of the pumping elements. The pumping
heads may be of a known type, such as that described
above with reference to Figure 2.
[0095] The housing 302 comprises a wall part 360,
which is visible in cross-section in Figure 10, and front
and rear face plates (not shown) that are attachable to
the front and rear sides of the wall part 360. The face
plates include apertures that allow the drive shaft to pass
through the housing 302.
[0096] In this embodiment, the wall part 360 of the
housing 302 has a generally square cross-section, and
an inner wall 362 of the wall part 360 defines a generally
cuboidal housing volume 363 in which the cage-like
structure of the rider 312 is received. The inner wall 362
includes first and second vertical guide surfaces 364,
364a, and the first and second vertical members 354,
354a respectively of the cam follower 312 are in sliding
contact with the vertical guide surfaces 364, 364a. The
cam follower 312 can therefore move up and down in
guided movement within the housing volume 363.
[0097] As in the second embodiment of the invention,
the front and rear faces (not shown) of the cam follower
312 are in sliding contact with the internal surfaces of the
front and rear face plates (not shown) of the housing 302
in use. Accordingly, cooperation between the front and
rear faces of the cam follower 312 and the face plates of
the housing 302 also acts to guide the movement of the
cam follower 312.
[0098] To allow lubricating fluid within the housing 302
to flow freely within and between the volumes 350, 363
in operation, the cam follower 312 is provided with fluid
flow means in the form of vertically-extending channels
368, 368a in the outer surfaces of the first and second
vertical members 354, 354a of the cam follower 312, first
and second slots 370, 370a that extend through the first
and second vertical members 354, 354a, respectively,
and first and second drillings 372, 372a, that extend
through the first and second horizontal members 354,
354a of the cam follower 312, respectively.
[0099] Operation of the drive assembly 300 of the third
embodiment of the invention is similar to the operation
of the drive assembly 200 of the second embodiment of
the invention, as described above. However, in this third
embodiment, because the flats 310, 310a of the rider 306
and the horizontal members 352, 352a of the cam fol-
lower 312 slide along sliding axes (S) that are perpen-
dicular to the pumping direction Q, only the vertical com-
ponent of movement of the rider 306 is converted to
movement of the cam follower 312 in a direction parallel
to the pumping axis Q. The length of the pumping stroke
is therefore equal to twice the offset between the drive
shaft axis A and the cam axis C.
[0100] Like in the second embodiment, in this third em-
bodiment of the invention, both the forward and return
strokes of both pumping elements are driven by the co-
operative movement of the rider 306 against the cam
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follower 312. The drive assembly 300 of the third embod-
iment of the invention advantageously does not therefore
require biasing springs or other biasing means for driving
the return strokes of the pumping elements.
[0101] It will be appreciated that the embodiments de-
scribed above are examples only of the present inven-
tion, and that many variations and modifications are pos-
sible.
[0102] For example, in the embodiments described
above, a drive member of the cam follower cooperates
with a pumping element. The drive member and pumping
element may be integrally formed, for example so that a
distal end of the drive member forms the pumping ele-
ment. The pumping element may instead be a separate
component that is attached to or otherwise connected to
the drive member. Similarly, the drive member may be a
separate component that is attached to the cam follower.
The pumping element, the drive member and the cam
follower may be integrally formed as one component.
[0103] Similarly, the members that make up the cage-
like cam follower in the second and third embodiments
of the invention may be parts of a single, integrally formed
component, or may be separate or combined compo-
nents that are assembled to form the cam follower.
[0104] In the second and third embodiments of the in-
vention, the fluid flow means that allow fluid flow past the
cam follower as it reciprocates within the housing volume
may be embodied in a different form to the channels de-
scribed above. For example, channels or flow passages
could be provided in the housing wall, in addition to or
instead of the channels in the cam follower faces. Further
channels, drillings and other flow passages could be pro-
vided in the cam follower, and flow means could also be
provided in the rider or in the faces of the cam follower
that cooperate with the rider to allow flow past the rider
as it reciprocates.
[0105] The cam follower may take any suitable form.
For example, in the second and third embodiments of
the invention, the cam follower may be of any suitable
design that provides two parallel faces for sliding engage-
ment with the flats of the rider, and means for guiding the
cam follower in linear reciprocal movement.
[0106] Although the pumping assembly of the present
invention is particularly suitable for use as a high-pres-
sure fuel pump of a fuel injection system, it will be appre-
ciated that the pumping assembly could also be used for
any other pumping application with similar requirements.
[0107] Many other modifications and variations of the
invention not explicitly disclosed above could also be
contemplated by a person skilled in the art without de-
parting from the scope of the invention as defined in the
appended claims.

Claims

1. A pumping assembly (100; 200), comprising:

a cam (104; 204) arranged for eccentric rotation
about a drive shaft axis (A);
a cam rider (106; 206) mounted on the cam (104;
204);
a cam follower (112; 212) arranged for reciprocal
movement in a direction parallel to a cam follow-
er axis (Q), the cam follower (112; 212) being
cooperable with the rider (106; 206) by way of
a sliding interface (110, 116; 210, 216) to define
a sliding axis (S); and
a pumping element associated with the cam fol-
lower (112; 212) and arranged to reduce the vol-
ume of a pumping chamber during a forward
stroke and to increase the volume of the pump-
ing chamber during a reverse stroke;
wherein the rider (106; 206) is driveable by the
cam (104; 204) in a direction having a first com-
ponent parallel to the cam follower axis (Q) and
a second component in a direction perpendicu-
lar to the cam follower axis (Q);
and wherein the sliding axis (S) is inclined at a
non-perpendicular angle to the cam follower ax-
is (Q), such that both the first component and
the second component of movement of the rider
(106; 206) give rise to movement of the cam
follower (112; 212) in the direction parallel to the
cam follower axis (Q).

2. A pumping assembly according to Claim 1, wherein
the cam follower (212) is cooperable with the rider
(206) by way of first and second sliding interfaces
(210, 216; 210a, 216a) that are parallel to the sliding
axis (S).

3. A pumping assembly according to Claim 2, wherein
the cam follower (212) comprises first and second
surfaces (216, 216a) that cooperate with the rider
(206) at the first and second sliding interfaces (210,
216; 210a, 216a), respectively, and wherein the for-
ward stroke of the pumping element is driven when
the rider (206) thrusts against the first surface (216)
during movement of the rider (206) and the return
stroke of the pumping element is driven when the
rider (206) thrusts against the second surface (216a)
during movement of the rider (206).

4. A pumping assembly (200; 300), comprising:

a cam (204; 304) arranged for eccentric rotation
about a drive shaft axis (A);
a cam rider (206; 306) that cooperates with the
cam (204; 304);
a cam follower (212; 312) arranged for reciprocal
movement in a direction parallel to a cam follow-
er axis (Q) that is perpendicular to the drive shaft
axis; and
a pumping element associated with the cam fol-
lower (212; 312) and arranged to reduce the vol-
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ume of a pumping chamber during a forward
stroke and to increase the volume of the pump-
ing chamber during a reverse stroke;
wherein the cam follower (212; 312) comprises
first and second surfaces (216, 216a; 316, 316a)
that cooperate with the rider (206; 306) at first
and second sliding interfaces, respectively;
and wherein the forward stroke of the pumping
element is driven when the rider (206; 306)
thrusts against the first surface (216; 316) during
movement of the rider (206; 306) and the return
stroke of the pumping element is driven when
the rider (206; 306) thrusts against the second
surface (216a; 316a) during movement of the
rider (206; 306).

5. A pumping assembly according to Claim 3 or Claim
4, wherein the cam follower (212; 312) includes a
first cross member (252; 352) comprising the first
surface (216; 316) and a second cross member
(252a; 352a) comprising the second surface (216a;
316a); and wherein the first and second cross mem-
bers (252, 252a; 352, 352a) are disposed on oppo-
site sides of the rider (206; 306).

6. A pumping assembly according to Claim 5, wherein
the cam follower (212; 312) includes at least one
connecting member (254, 254a, 256, 256a; 354,
354a) that connects the first cross member (252;
352) to the second cross member (252a; 352a).

7. A pumping assembly according to Claim 6, wherein
the cam follower (212; 312) defines, at least in part,
a volume (250; 350) for receiving the rider (206; 306)
and the cam (204; 304).

8. A pumping assembly according to Claim 7, wherein
the cam follower (212; 312) comprises first and sec-
ond connecting members (254, 254a, 256, 256a;
354, 354a) that connect respective ends of the first
cross member (252; 352) to corresponding ends of
the second cross member (252a; 352a), such that
the first and second cross members (252, 252a; 352,
352a) and the first and second connecting members
(254, 254a, 256, 256a; 354, 354a) define, at least in
part, the volume (250; 350) for receiving the rider
(206; 306) and the cam (204; 304).

9. A pumping assembly according to any preceding
Claim, wherein the sliding interface comprises at
least one flattened region (110; 210; 310) of the rider
(106; 206; 306) for cooperation with a surface (116;
216; 316) of the cam follower (112; 212; 312).

10. A pumping assembly according to any preceding
Claim, further comprising a housing (102; 202; 302)
that receives the cam (104; 204; 304), the rider (106;
206; 306) and the cam follower (112; 212; 312).

11. A pumping assembly according to Claim 10, wherein
the housing (102; 202; 302) guides the cam follower
(112; 212; 312) for reciprocal movement in a direc-
tion parallel to the cam follower axis (Q).

12. A pumping assembly according to Claim 11, wherein
the cam follower (212; 312) includes guide members
(254, 254a; 354, 354a) arranged in sliding contact
with a wall (262; 362) of the housing for guiding the
reciprocal movement of the cam follower (212; 312).

13. A pumping assembly according to any of Claims 10
to 12, wherein the cam follower (112; 212; 312) com-
prises a first drive member (158; 258; 358) for driving
the pumping element, wherein the drive member
(158; 258; 358) extends out of the housing (102; 202;
302).

14. A pumping assembly according to Claim 13, wherein
the cam follower (212; 312) further comprises a sec-
ond drive member (258a; 358a) for driving a further
pumping element, wherein the second drive member
(258a; 358a) extends out of the housing (202; 302)
in an opposite direction to the first drive member
(258; 358).

15. A pumping assembly according to any preceding
Claim, comprising fluid flow means (268, 268a, 270,
270a, 272, 272a; 368, 368a, 370, 370a, 372, 372a)
for permitting fluid flow through or past the rider (206;
306) and/or the cam follower (212; 312) during move-
ment of the rider (206; 306) and/or the cam follower
(212; 312).

16. A pumping assembly according to Claim 15, wherein
the fluid flow means comprises at least one fluid flow
passage in the cam follower (212; 312).

17. A high-pressure fuel pump for a fuel injection system,
comprising:

a pumping assembly (100; 200; 300) according
to any preceding Claim; and
a pump head including the pumping chamber.
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