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(54) Pumping head

(57) A pumping head (200;300) for a high-pressure
fuel pump is disclosed. The pumping head comprises a
head housing (204) having a bore (206), a pumping el-
ement (202) arranged for reciprocal linear movement
along a pumping axis (Q), a first pumping chamber (240)
and a second pumping chamber (242), inlet means (290;
314) for delivering fluid to the first pumping chamber
(240), outlet means (246,248) for conveying fluid from
the second pumping chamber (242) to an outlet (244) of
the pumping head, and transfer means (260,262) for con-
veying fluid from the first pumping chamber (240) to the
second pumping chamber (242). Each forward stroke of
the pumping element (202) increases a volume of the
first pumping chamber (240) and decreases a volume of
the second pumping chamber (242), thereby to cause
fluid to flow into the first pumping chamber (240) from
the inlet means (290;314) and to cause fluid to flow out
of the second pumping chamber (242) to the outlet means
(246,248). Each return stroke of the pumping element
(202) decreases the volume of the first pumping chamber
(240) and increases the volume of the second pumping
chamber (242), thereby to cause fluid to flow from the
first chamber (240) to the second chamber (242) through
the transfer means (260,262).
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Description

Field of the invention

[0001] This invention relates to a pumping head for a
fluid pump. In particular, but not exclusively, the invention
relates to a pumping head suitable for use in a high-pres-
sure 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 100, shown in Figure 3, for driving recip-
rocal movement of the pumping element 52 along a
pumping axis Q.
[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 linear
motion along the pumping axis Q by the drive assembly,
the volume of the pumping chamber 60, and hence the
pressure in the pumping chamber 60, increases and de-
creases 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
port 63, through the inlet valve 62. The fuel supply port
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 at a second pre-de-
termined pressure. Fuel is then delivered through the out-
let valve 64 from the pumping chamber 60 at the second
pre-determined pressure, for delivery to the fuel rail 14
through an outlet port 65. By setting the second pre-de-
termined pressure at a high level, for example 2000 bar
or more, pressurisation of the fuel rail 14 to the desired
level can be achieved.
[0011] The pumping head 50 is generally ’T’-shaped,
so that the housing 56 comprises a vertically-extending
portion 56a and first and second horizontally-extending
portions 56b, 56c that extend in opposite directions from
the vertically-extending portion 56a. The bore 58 extends
within the vertically-extending portion 56a of the housing
56, and the inlet and outlet valves 62, 64 are received in
the first and second horizontally-extending portions 56b,
56c, respectively.
[0012] A first high-pressure seal 70 is provided to pre-
vent leakage of fuel from the pumping chamber 60 past
the inlet valve 62, and a second high-pressure seal 72
is provided to prevent leakage of fuel from the pumping
chamber 60 past the outlet valve 64.
[0013] The first horizontally-extending portion 56b of
the housing 56 includes an inlet passage 74 that extends
laterally from the pumping chamber 60. The inlet passage
74 opens into an enlarged-diameter inlet valve bore 76
that houses the inlet valve 62, so that, when the inlet
valve 62 is open, fuel can flow from the supply port 63,
through the inlet valve 62 and the inlet passage 74 into
the pumping chamber 60. A first internal shoulder 78 of
the housing 56 is defined where the relatively large di-
ameter inlet valve bore 76 meets the relatively small di-
ameter inlet passage 74.
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[0014] At its outside end, the inlet valve bore 76 in-
cludes an internally-threaded region 76a. The inlet valve
62 has an externally-threaded region that engages with
the threaded region 76a of the inlet valve bore 76 to se-
cure the inlet valve 62 in the housing 56. In use, an end
face of the generally cylindrical inlet valve 62 is clamped
against the first shoulder 78 of the housing 56 to form
the first high-pressure seal 70.
[0015] A similar arrangement is present in the second
horizontally-extending portion 56c of the housing 56. The
outlet valve 86 comprises a generally cylindrical end
member 64a, a valve ball 64b, and a spring 64c that acts
between the valve ball 64b and the end member 64a. An
outlet passage 84 extends laterally from the pumping
chamber 60 to open into an enlarged-diameter outlet
valve bore 86 that houses the end member 64a of the
outlet valve 64. The outlet passage 84 includes a first
portion 84a adjacent to the pumping chamber 60, and a
second portion 84b with a larger diameter than the first
portion 84a. A valve seat 84c for the valve ball 64b is
provided in the outlet passage 84, where the first portion
84 meets the second portion 84b.
[0016] When the outlet valve 64 is open (i.e. when the
valve ball 64b is lifted off the valve seat 84c), fuel can
flow from the pumping chamber 60, through the outlet
passage 84 and the outlet valve 64 and out of the housing
56 via the outlet port 65. A second internal shoulder 88
of the housing 56 is defined where the relatively large
diameter outlet valve bore 86 meets the relatively small
diameter outlet passage 84. At its outside end, the outlet
valve bore 86 includes an internally-threaded region 86a
that engages with an externally-threaded region of the
outlet valve 64 to secure the outlet valve 64 in the housing
56.
[0017] In use, an end face of the generally cylindrical
outlet valve 64 is clamped against the second shoulder
88 of the housing 56, with sufficient clamping force being
applied to ensure that no fuel leaks past the second high-
pressure seal 72. A further high-pressure seal (not
shown) is required to seal the connection between the
outlet port 65 and a fuel line (30 in Figure 1) that connects
the head 50 to the fuel rail (14 in Figure 1), in use.
[0018] Referring to Figure 3, the drive assembly 100
comprises a housing 102, also known as a cam box,
which houses a cylindrical cam 104. The housing 102 is
only partially shown in Figure 3. The cam 104 is driven
in eccentric rotational movement by a drive shaft (not
shown in Figure 3) that extends through the housing 104,
so that the cylinder axis C of the cam 104 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 104 as it rotates is indicated by the dashed line
P in Figure 3. The drive shaft has a smaller diameter than
the cam 104.
[0019] The cam 104 carries a cam ring or rider 106,
which includes a central cylindrical aperture 108 for re-
ceiving the cam 104. The rider 106 includes a flattened

surface region or flat 110, which is arranged to cooperate
with a cam follower or tappet 112 that acts as a drive
member for the pumping element 52. The cam 104 is
free to rotate in the aperture 108, so that the orientation
of the flat 110 of the rider 106 remains horizontal in use.
[0020] The tappet 112 is guided for reciprocal move-
ment through an opening 114 in the housing 102, and is
coupled to the pumping element 52 so that movement of
the tappet 112 causes movement of the pumping element
52.
[0021] The tappet 112 includes a flat base surface 116
that is held in sliding contact with the flat 110 of the cam
rider 106 by a biasing or return spring 118. The housing
102 contains a lubricant (conveniently fuel) that lubri-
cates the sliding interfaces between the tappet 112 and
the rider 106 and between the tappet 112 and the wall
of the opening 114.
[0022] In operation, as the drive shaft rotates, the cam
104 carries the rider 106 in a path having an upward
component, towards the opening 114 in the housing 102.
By virtue of the upward component of movement of the
rider 106, the tappet 112 is driven upwards by the rider
106, so as to drive the forward stroke of the pumping
element (52 in Figure 2). Once the cam 104 reaches its
uppermost position (top dead centre or TDC), continued
rotation of the drive shaft results in the cam 104 carrying
the rider 106 in a path having a downward component,
away from the opening 114 in the housing 102. The bi-
asing spring 118 keeps the tappet 112 in engagement
with the flat 110 of the rider 106, so that the tappet 112
moves downwards and the pumping element (52 in Fig-
ure 2) is therefore driven by the biasing spring 114 in its
return stroke. The pumping cycle repeats as the drive
shaft continues to rotate.
[0023] One disadvantage of the pumping arrangement
shown in Figures 2 and 3 is that only the forward stroke
part of the pumping cycle is used to increase the pressure
of fuel in the pumping chamber 60. The reverse stroke
part of the pumping cycle is used only to re-fill the pump-
ing chamber 60 with low-pressure fuel. Accordingly, the
torque required to turn the drive shaft of the pump, and
so the torque demanded from the engine, is substantially
higher during the forward stroke than during the return
stroke, giving rise to a torque peak or spike.
[0024] Torque spikes of this nature are undesirable,
since they can cause damage to the components of the
pumping arrangement and the associated drive train. In
particular, the repetitive, cyclical forces to which the com-
ponents are subjected can give rise to fatigue failures of
the components. As pumping heads are designed for in-
creasingly high pumping pressures to meet the demands
of modern emissions legislation, correspondingly higher
torque spikes occur, which increases the problem.
[0025] One approach to reducing this problem is to pro-
vide one or more further pumping heads, so that the de-
mand for high-pressure fuel can be spread between the
heads. The peak torque required by each head is there-
fore reduced.
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[0026] For example, a second pumping head (not
shown) may be mounted diametrically opposite the
pumping head 50 shown in Figure 2. In this case, a pump-
ing element (not shown) associated with the second
pumping head is driven by a tappet (not shown) that co-
operates with a second flat 110a provided on the rider
106. As the first pumping element 52 undergoes its for-
ward stroke, the second pumping element undergoes its
return stroke, and vice versa. Therefore the torque de-
mand is more evenly spread in the pumping cycle.
[0027] Such a multi-head pumping arrangement, how-
ever, requires extra space to accommodate the or each
additional pumping head. Furthermore, additional fuel
lines or other suitable connection means must be provid-
ed to deliver low-pressure fuel to the additional head and
to receive high-pressure fuel from the pumping head. Ac-
cordingly, the provision of one or more additional heads
adds complexity and cost to the pumping arrangement.
[0028] Against this background, it would be desirable
to provide a pumping head that addresses or overcomes
the problems of the prior art.

Summary of the invention

[0029] According to a first aspect of the invention, a
pumping head for a high-pressure fuel pump is provided.
The pumping head comprises a head housing having a
bore, a pumping element slidably received in the bore
and arranged for reciprocal linear movement along a
pumping axis in alternating forward and return strokes
together defining a pumping cycle, and a first pumping
chamber and a second pumping chamber, each pumping
chamber being defined, in part, by the pumping element,
and inlet means for delivering fluid to the first pumping
chamber from a source of fluid.
[0030] The pumping head further comprises outlet
means for conveying fluid from the second pumping
chamber to an outlet of the pumping head, and transfer
means for conveying fluid from the first pumping chamber
to the second pumping chamber.
[0031] Each forward stroke of the pumping element
causes an increase in volume of the first pumping cham-
ber and a decrease in volume of the second pumping
chamber, thereby to cause fluid to flow into the first pump-
ing chamber from the inlet means and to cause fluid to
flow out of the second pumping chamber to the outlet
means. Each return stroke of the pumping element caus-
es a decrease in volume of the first pumping chamber
and an increase in volume of the second pumping cham-
ber, thereby to cause fluid to flow from the first chamber
to the second chamber through the transfer means.
[0032] Because the pumping head is provided with two
pumping chambers, the pressure of fluid is increased
both on the forward stroke and on the return stroke of
the pumping cycle, thereby increasing the efficiency of
the pumping head. Furthermore, when used with a rotary
drive mechanism, the peak drive torque required to
achieve a given outlet pressure can be reduced, com-

pared to a pumping head with a single pumping chamber.
Advantageously, therefore, the risk of damage to the
drive mechanism for the pumping element is reduced in
the present invention.
[0033] In one embodiment, fluid is delivered to the first
pumping chamber at a relatively low inlet pressure. The
decrease in volume of the first pumping chamber during
the return stroke preferably causes an increase in fluid
pressure to an intermediate pressure. The decrease in
volume of the second pumping chamber during the for-
ward stroke preferably causes a further increase in fluid
pressure to a relatively high outlet pressure.
[0034] By first pressurising the fluid to an intermediate
pressure before subsequently pressurising the fluid to a
relatively high outlet pressure, the force required to drive
the pumping element, and therefore the torque required
by a rotary drive mechanism, is reduced during the for-
ward stroke. The intermediate pressure is preferably at
least approximately 25% of the outlet pressure.
[0035] The first pumping chamber may be larger in
cross-sectional area in a plane normal to the pumping
axis than the second pumping chamber.
[0036] The transfer means preferably comprises a
transfer passage in the pumping element. Alternatively,
or in addition, the transfer means may comprise a transfer
valve arranged to permit fluid flow from the first chamber
to the second chamber during the return stroke, and to
restrict fluid flow from the second chamber to the first
chamber during the forward stroke.
[0037] Relief means for providing communication be-
tween the bore and a low-pressure drain may be provid-
ed. The relief means is remote from the first chamber
and the second chamber. By providing relief means, any
internal leakage flows of fluid within the pumping head
can be exhausted from the pumping head to the drain,
thereby preventing a build-up of leakage fluid in the
pumping head.
[0038] In one example, the relief means comprises a
non-return valve to prevent the flow of fluid from the drain
into the pumping bore. Alternatively, or in addition, the
relief means may comprise a relief chamber defined, in
part, by the pumping element and optionally in part by
the bore.
[0039] In one embodiment of the pumping head, the
pumping element comprises a shaft and a collar portion.
The first chamber may be defined, in part, by a first sur-
face of the collar portion. When present, the relief cham-
ber may be defined, in part, by an oppositely-facing sec-
ond surface of the collar portion.
[0040] The second pumping chamber may be defined,
in part, by an end of the pumping element. One or more
of the first pumping chamber, the second pumping cham-
ber and, when present, the relief chamber may be de-
fined, in part, by the bore of the housing.
[0041] The pumping head may comprise a guide mem-
ber for the pumping element and a retaining member for
retaining the guide member. The first pumping chamber
may be defined, in part, by the guide member.
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[0042] When a guide member is present, the inlet
means may comprise a fluid flow path between the guide
member and the retaining member, and the guide mem-
ber may be engageable with the retaining member to
restrict fluid flow through the fluid flow path during the
return stroke. Alternatively, the inlet means may com-
prise an inlet passage that opens into the first chamber,
and the pumping element may be arranged to occlude
the inlet passage to limit flow between the first chamber
and the inlet passage during a portion of the pumping
cycle.
[0043] The outlet means may comprise an outlet valve,
the outlet valve being configured to allow fluid to flow
from the second pumping chamber to the outlet during
the forward stroke. The outlet valve may be configured
to allow fluid to flow only when the pressure of fluid in the
second pumping chamber reaches a pre-determined out-
let pressure. The outlet valve is preferably a non-return
valve, to prevent the flow of fluid from the outlet into the
second pumping chamber during the return stroke.
[0044] In one embodiment of the invention, the pump-
ing head includes a third pumping chamber comprising
an inlet pumping chamber, a first inlet passage for deliv-
ering fluid to the inlet pumping chamber from the source
of fluid, and a second inlet passage for transferring fluid
from the inlet pumping chamber to the first pumping
chamber. The return stroke of the pumping element caus-
es an increase in volume of the inlet pumping chamber,
thereby to cause fluid to flow into the inlet pumping cham-
ber from the first inlet passage. The forward stroke of the
pumping element causes a decrease in volume of the
inlet pumping chamber, thereby to cause fluid to flow
from the inlet pumping chamber to the first pumping
chamber through the second inlet passage. In this way,
the fluid can be increased to a first intermediate pressure
in the inlet pumping chamber, then to a second interme-
diate pressure in the first chamber, and then to the outlet
pressure in the second chamber.
[0045] In a second aspect of the invention, a fuel pump
for a fuel injection system is provided. The fuel pump
comprises a pumping head according to the first aspect
of the invention, and a drive mechanism for driving the
pumping element of the pumping head in linear reciprocal
movement.
[0046] From a third aspect, the invention resides in a
method for pressurising fluid to a relatively high outlet
pressure in a pumping head of a fluid pump. The method
comprises admitting fluid to the pumping head at a rela-
tively low inlet pressure, pressurising the fluid to an in-
termediate pressure during a first stage of a pumping
cycle, and pressurising the fluid to the relatively high out-
let pressure during a second stage of the pumping cycle.
[0047] By pressurising the fluid first to an intermediate
pressure and then further to a relatively high outlet pres-
sure, the force required to pressurise the fluid is distrib-
uted over both the first and second stages of the pumping
cycle. Accordingly, the peak force required is advanta-
geously lower than if the pressure of the fluid were to be

increased from the inlet pressure to the outlet pressure
in one pumping operation.
[0048] Preferred and/or optional features of each as-
pect of the invention may also be used, alone or in ap-
propriate combination, with the other aspects of the in-
vention also.

Brief description of the drawings

[0049]

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.

[0050] The present invention will now be described, by
way of example only, with reference to the remaining
accompanying drawings, in which like reference numer-
als are used for like features, and in which:

Figure 4 is a cross-sectional view of a pumping head
according to the invention;

Figure 5 is a cross-sectional view of part of another
pumping head according to the invention; and

Figure 6 is an inclined sectional view of the pumping
head of Figure 5, sectioned on line R-S.

[0051] Throughout this description, terms such as ’up-
per’, ’lower’ and so on relate to the orientation of the com-
ponents as shown in the accompanying drawings and
are used for ease or reference only. It should be under-
stood that the invention could be used in any suitable
orientation.

Detailed description of embodiments of the inven-
tion

[0052] Figure 4 shows a pumping head 200 according
to a first embodiment of the present invention. The pump-
ing head 200 is suitable for use in a high-pressure fuel
pump in a fuel injection system. The pumping head 200
includes a pumping element or plunger 202 that is drive-
able in linear reciprocal movement along a pumping axis
Q by a drive mechanism (not shown) of the pump.
[0053] The pumping head 200 comprises a generally
cylindrical housing 204 having a blind pumping bore 206
that extends upwardly from the lowermost end 204a of
the housing 204 and receives the pumping element 202.
The pumping bore 206 extends coaxially with the pump-
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ing axis Q.
[0054] The pumping bore 206 comprises a relatively
small diameter upper portion 206a, and a relatively large
diameter lower portion 206b. An internal shoulder 208 of
the pumping bore 206 is defined where the upper and
lower portions 206a, 206b meet.
[0055] The pumping element 202 includes a shaft 210
and a collar portion 212 located part-way along the shaft
210. An upper end portion 210a of the shaft 210, above
the collar portion 212, is slidably received in the relatively
small diameter upper portion 206a of the pumping bore
206, and a lower portion 210b of the shaft 210 extends
downwards out of the pumping head 200 to cooperate
with the drive mechanism (not shown). The collar portion
212 has a larger diameter than the shaft 210, and is sli-
dably received in the relatively large diameter lower 206b
of the pumping bore 206.
[0056] The pumping bore 206 is closed at the lower-
most end 204a of the housing 204 by a sealing arrange-
ment 214 through which the lower portion 210b of the
shaft 210 extends. The sealing arrangement 214 in-
cludes an annular guide member 216 of generally tubular
form, a sealing washer 218, and a retaining member 220.
[0057] The guide member 216 includes a central bore
216a for receiving the lower portion 210b of the shaft
210. An upper end portion of the guide member 216 is
provided with an outwardly-extending flange 216b. The
sealing washer 218 is located between an upper face of
the flange 216b and the lower end 204a of the housing
204.
[0058] The retaining member 220 is of generally tubu-
lar form, and includes a bore 220a for receiving the low-
ermost end 204a of the housing 204. The retaining mem-
ber 220 and the lowermost end 204a of the housing 204
are provided with cooperating threaded regions (not
shown), so that the retaining member 220 can be secure-
ly engaged with the end 204a of the housing 204 during
assembly of the pumping head 200.
[0059] A lower end portion of the retaining member
220 is provided with an inwardly-extending flange 220b,
which cooperates with the outwardly-extending flange
216b of the guide member 216. In this way, the guide
member 216 is retained by the retaining member 220,
and the sealing washer 218 is clamped between the
guide member 216 and the lowermost end 204a of the
housing 204.
[0060] An annular first pumping chamber 240 of the
pumping head 200 is defined by the lowermost face of
the collar 212, part of the lower portion 210b of the shaft
210, part of the wall of the lower portion 206a of the pump-
ing bore and the uppermost face of the guide member
216. The sealing washer 218 prevents leakage of fluid
from the first pumping chamber 240 between the housing
204 and the guide member 216. The lower portion 210b
of the shaft 210 is a close sliding fit in the bore 216a of
the guide member 216, so that leakage from the first
pumping chamber 240 between the shaft 210 and the
guide member 216 is minimal.

[0061] The upper portion 206b of the pumping bore
206 ends at an end wall 204b of the housing 204. A gen-
erally cylindrical second pumping chamber 242 is defined
by the uppermost end of the pumping element shaft 210,
the wall of the upper portion 206b and the end wall 204b
of the housing 204. The upper portion 201a of the pump-
ing element shaft 210 is a close sliding fit in the upper
portion 206b of the pumping bore 206, so that leakage
from the second pumping chamber 242 between the
shaft 210 and the housing 204 is minimal.
[0062] At its uppermost end, the housing 204 is pro-
vided with a tubular outlet port 244 that is threaded to
connect with a high-pressure fluid line (not shown) in use
of the pumping head 200. An outlet valve 246 is housed
within the outlet port 244.
[0063] The outlet valve 246 provides an outlet means
that controls the flow of fluid through an outlet passage
248 that extends through the end wall 204b of the hous-
ing, between the second pumping chamber 242 and the
outlet port 244. The outlet valve 246 comprises a valve
ball 250 that is engageable with a seating surface 252
formed at the upper end of the outlet passage 248. A
biasing spring 254 biases the valve ball 250 into engage-
ment with the seating surface 252. The biasing spring
254 acts between the valve ball 250 and a cup-shaped
outlet valve body 256. The outlet valve body 256 is an
interference fit in the outlet port 244, and includes an
aperture 258 to allow fluid flow through the outlet valve
246 when the valve ball 250 is disengaged from the seat-
ing surface 252.
[0064] A transfer passage 260 extends between the
first chamber 240 and the second chamber 242, through
the pumping element 206, to provide a transfer means
for fluid. The transfer passage 260 includes a first section
260a that extends inwardly from the outer surface of the
pumping element 202, in a direction inclined to the pump-
ing axis Q. The first section 260a opens into the first
chamber 240 at the corner between the collar portion 212
and the lower shaft portion 210b.
[0065] Inside the pumping element 202, the first sec-
tion 260a of the transfer passage 260 meets a second
section 260b of the transfer passage 260 that extends in
a coaxial direction with respect to the pumping axis Q.
The second section 260b of the transfer passage 260, in
turn, opens into a third section 260c of the transfer pas-
sage that has an increased diameter, relative to the first
and second sections 260a, 260b. The third section 260c
of the transfer passage 260 opens into the second pump-
ing chamber 242 at the top end of the pumping element
202.
[0066] A transfer passage valve 262 is housed in the
third section 260c of the transfer passage 260, to control
the flow of fluid from the first chamber 240 to the second
chamber 242 through the transfer passage 260.
[0067] The transfer passage valve 262 is of similar
construction to the outlet valve 246, and comprises a
valve ball 264 that is engageable with a seating surface
266 formed at the upper end of the third transfer passage
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section 260c. A biasing spring 268 acts between the valve
ball 264 and a cup-shaped transfer passage valve body
270 to urge the valve ball 264 into engagement with the
seating surface 266. The valve body 270 is an interfer-
ence fit in the third transfer passage section 260c, and
includes an aperture 272 to allow fluid flow through the
transfer passage valve 262 when the valve ball 264 is
disengaged from the seating surface 266.
[0068] A relief chamber 274 of the pumping head 200
is defined by the uppermost face of the collar 212, part
of the upper portion 210a of the shaft 210, the wall of the
upper portion 206b of the pumping bore 206 and the
shoulder 208 of the pumping bore 206. A relief port 276
is provided in the wall of the housing 206, and the relief
port 276 communicates with the relief chamber 274 by
way of a relief passage 278.
[0069] A non-return relief valve 280 is received in the
relief chamber 274, to control the flow of fluid from the
relief chamber 274 to the relief port 276. The relief valve
280 is similar in construction to the outlet valve 246 and
the transfer passage valve 262, and comprises a valve
ball 282 that engages with a seating surface 284 formed
at the end of the relief passage 278, a biasing spring 284,
and a valve body 286 having an aperture 288. The com-
ponents of the relief valve 280 are arranged as described
above with reference to the outlet valve 246 and the trans-
fer passage valve 262.
[0070] In use, the relief port 276 is connected to a low-
pressure drain (such as the internal volume of a pump
housing or the fuel tank of a fuel injection system). The
relief chamber 280 and the relief port 276 are remote
from the first chamber 240 and the second chamber 242.
In other words, the relief chamber 274 and the relief port
276 are not in communication with the first chamber 240
or the second chamber 242 by a dedicated fluid flow pas-
sage. However, fluid can leak into the relief chamber 274
from both the first chamber 240 and the second chamber
242 along the sliding interfaces between the plunger 202
and the bore 206.
[0071] Fluid is supplied to the pumping head 200 by a
supply line (not shown) that communicates with an inlet
means comprising an inlet passage 290 that extends
through the wall of the housing 204. The inlet passage
290 is arranged so that, as the pumping element 202
reciprocates within the pumping bore 206, the inlet pas-
sage 290 is either occluded by the collar portion 212 of
the pumping element 202 (as shown in Figure 4), or is
open to allow fluid flow from the inlet passage 290 into
the first pumping chamber 240.
[0072] Operation of the pumping head 200 will now be
described. As mentioned above, the drive mechanism
(not shown) drives the pumping element 202 in reciprocal
linear movement. The pumping element 202 moves be-
tween a bottom dead centre (BDC) position, in which the
pumping element 202 is at its furthest downward extent
of travel in the pumping bore 206, and a top dead centre
(TDC) position, in which the pumping element 202 is at
its furthest upward extent of travel in the pumping bore

206.
[0073] Movement of the pumping element 202 from
the BDC position to the TDC position is known as a for-
ward stroke of the pumping element 202, and movement
of the pumping element 202 from the TDC position to the
BDC position is known as a return stroke of the pumping
element 202. The forward and return strokes of the pump-
ing element 202 together define a pumping cycle.
[0074] Starting from the BDC position, as the pumping
element 202 moves upwards within the pumping bore
206 in the forward stroke of the pumping cycle, the vol-
ume of the first pumping chamber 240 increases, while
the volume of the second pumping chamber 242 de-
creases. The transfer passage valve 262 acts as a non-
return valve to prevent fluid from flowing from the second
pumping chamber 242 into the first pumping chamber
240 through the transfer passage 260.
[0075] During the forward stroke of the pumping ele-
ment 202, therefore, the pressure of fluid in the first pump-
ing chamber 240 decreases as the volume of the first
pumping chamber 240 increases. During a first part of
the forward stroke, the inlet passage 290 is occluded by
the collar portion 212 of the pumping element 202. Then,
as the pumping element 202 continues to move upwards,
the collar portion 212 moves past the opening of the pas-
sage 290 to allow fluid to flow from the inlet passage 290
into the first pumping chamber 240 to fill the first pumping
chamber 240 with fluid at relatively low pressure, corre-
sponding to the pressure at which fluid is supplied to the
inlet passage 290.
[0076] At the same time, during the forward stoke of
the pumping element 202, the pressure of fluid in the
second pumping chamber 242 increases as the volume
of the second pumping chamber 242 decreases. The
pressure in the second pumping chamber 242 continues
to rise as the pumping element 202 moves upwards with-
in the pumping bore 206.
[0077] The outlet valve 246 is configured such the ball
250 moves away from its seating surface 252, against
the action of the biasing spring 254, when the fluid pres-
sure difference across the outlet valve 246 reaches a
predetermined value. In other words, the outlet valve 246
opens when the fluid pressure in the second pumping
chamber 242 reaches a sufficiently high pressure. Once
the outlet valve 246 opens, fluid is ejected from the sec-
ond pumping chamber 242 through the outlet port 244
at relatively high pressure.
[0078] Once the pumping element 202 reaches the
TDC position, the outlet valve 246 closes and the return
stroke of the pumping element 202 begins. During the
return stroke, the volume of the first pumping chamber
240 decreases, and the volume of the second pumping
chamber 242 increases.
[0079] Accordingly, the pressure of fluid in the first
chamber 240 increases, and the pressure of fluid in the
second chamber 242 decreases. The transfer passage
valve 262 is configured such that, when the pressure of
fluid in the first chamber 240 exceeds the pressure of the
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fluid in the second chamber 242 by a pre-determined
amount, the transfer passage valve 262 opens to allow
fluid to flow from the first chamber 240 to the second
chamber through the transfer passage 260.
[0080] During a first part of the return stroke, the inlet
passage 290 remains open so some fluid may flow from
the first pumping chamber 240 back out of the inlet pas-
sage 290. However, in a second part of the return stroke,
the collar portion 212 of the pumping element 202 oc-
cludes the inlet passage 290 to restrict further flow
through the inlet passage 290. During this second part
of the return stroke, in particular, the fluid in the first pump-
ing chamber 240 becomes pressurised, and is forced
through the transfer passage 260 into the second pump-
ing chamber 242.
[0081] The volume change that occurs in the first
chamber 240 during a given linear displacement of the
pumping element 202 is greater than the volume change
that occurs in the second chamber 242 during the same
linear displacement. As a result, the fluid pressure rises
to an intermediate level as it passes from the first pump-
ing chamber 240 to the second pumping chamber 242
during the return stroke.
[0082] The pumping cycle continues with another for-
ward stroke, in which the first pumping chamber 240 is
re-filled with fluid from the inlet passage 290, and the
fluid in the second pumping chamber 242 is expelled at
high pressure through the outlet port 244.
[0083] Fluid is therefore pumped through the pumping
head 200 from the inlet passage 290 to the outlet port
244 in three consecutive pumping strokes of the pumping
element, namely a first forward stroke, a return stroke,
and a second forward stroke, as will now be described.
[0084] A quantity of fluid is drawn into the first pumping
chamber 240 during the first forward stroke of the pump-
ing element 202. During the subsequent return stroke,
the quantity of fluid is pressurised to an intermediate pres-
sure in the first pumping chamber 240 and is transferred
to the second pumping chamber 242. At the end of the
return stroke, therefore, the fluid in the second pumping
chamber 242 is already at an elevated intermediate pres-
sure, which is lower than the ultimate outlet pressure, but
which is substantially higher than the inlet pressure. Dur-
ing the second forward stroke, the fluid in the second
pumping chamber 242 is pressurised further to a rela-
tively high outlet pressure, and is delivered from the
pumping head 200 through the outlet port 244 at the outlet
pressure.
[0085] The magnitude of the volume change that oc-
curs in the first chamber 240 during the forward and return
strokes of the pumping element 202 is greater than the
magnitude of the volume change that occurs in the sec-
ond chamber 242 during the forward and return strokes.
Said another way, the cross-sectional area of the first
chamber 240 in a plane normal to the pumping axis Q is
greater than the cross-sectional area of the second
chamber 242, so that the volume swept by the pumping
element 202 in use is greater in the first chamber 240

than in the second chamber 242. In this way, although
the linear displacement of the pumping element 202 in
each chamber is the same, the increase in fuel pressure
that occurs in the first chamber 240 is less than the in-
crease in fluid pressure that occurs in the second cham-
ber 242, in use.
[0086] It will be understood that the pumping head 200
is arranged so that the pressure of fluid is increased both
on the forward stroke and on the return stroke of the
pumping cycle. The torque demand on the drive mech-
anism, and on the drive train that drives the drive mech-
anism, is therefore split between the forward and return
strokes, and torque spikes of lower magnitude occur than
would be the case if the pressure of the fluid were ele-
vated to the outlet pressure during only the forward stroke
of the pumping element 202.
[0087] In particular, because the fluid is delivered to
the second pumping chamber 242 at an elevated pres-
sure, the second pumping chamber 242 can be reduced
in volume compared to the single pumping chamber of
a known pumping head, such as that shown in Figure 2,
whilst achieving the same delivery volume. Accordingly,
the maximum torque required to pressurise the fuel to
the same outlet pressure is lower in the pumping head
of the invention.
[0088] The intermediate fluid pressure to which the flu-
id is elevated during the return stroke of the pumping
element 202 depends on, amongst other factors, the
cross-sectional area of the first pumping chamber 240,
the stroke of the pumping element 202, the force of the
biasing spring 268 of the transfer passage valve 262.
[0089] Preferably, the pumping head 200 is arranged
so that, during the return stroke of the pumping element
202, the pressure of the fluid that reaches the second
pumping chamber 242 is increased to an intermediate
pressure that is approximately 25% of the outlet pressure
from the pumping head 200. However, it will be appreci-
ated that the pumping head 200 could be designed so
that the intermediate pressure is higher or lower than
25% of the outlet pressure.
[0090] During operation of the pumping head 200, fluid
may leak between the pumping element 202 and the
pumping bore 206 into the relief chamber 274. For ex-
ample, during the forward stroke of the pumping element
202, fluid may leak from the second pumping chamber
242 past the upper portion 210a of the pumping element
shaft 210 into the relief chamber 274, and during the re-
turn stroke of the pumping element 202, fluid may leak
from the first pumping chamber past the collar portion
212 of the pumping element 202 into the relief chamber
274.
[0091] Fluid that leaks into the relief chamber 274 can
flow out of the pumping head 200 through the relief valve
280, thereby preventing a build-up of leakage fluid in the
pumping head 200 that could otherwise impair its oper-
ation. The relief valve 280 acts as a non-return valve to
prevent fluid being drawn into the relief chamber 274 from
the low-pressure drain.
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[0092] A pumping head 300 according to a second em-
bodiment of the invention will now be described with ref-
erence to Figure 5 which is a cross-sectional view of part
of the pumping head 300 taken on a vertical plane con-
taining the pumping axis Q, and to Figure 6, which is a
cross-section taken on an inclined plane, along line R-S
in Figure 5.
[0093] The pumping head 300 of the second embodi-
ment differs from the pumping head 200 of the first em-
bodiment, shown in Figure 4, in the arrangement of the
inlet means and in the configuration of the sealing ar-
rangement that closes the lowermost end of the pumping
bore, and only these differences will be described in detail
below. The pumping heads 200, 300 of the first and sec-
ond embodiments of the invention are otherwise identi-
cal. Like reference numerals are therefore used in Fig-
ures 5 and 6 to denote like components already described
with reference to Figure 4, and reference should be made
to the foregoing description where appropriate for an ex-
planation of the features of the pumping head 300 of the
second embodiment that are not referred to again below.
[0094] In the pumping head 300 of the second embod-
iment, the pumping bore 206 is closed at the lowermost
end 204a of the housing 204 by a inlet arrangement 314
that provides an inlet means to supply fluid to the first
pumping chamber 240. No separate inlet passage to the
pumping bore 204 need be provided.
[0095] The inlet arrangement 314 comprises an annu-
lar guide member 316 of generally tubular form, and a
retaining member 320. The guide member 316 includes
a central bore 316a in which the lower portion 210b of
the pumping element shaft 210 is slidably received. An
upper portion of the guide member 316 is provided with
an outwardly-extending flange 316b. As shown most
clearly in Figure 6, the upper surface of the flange 316b
is provided with a plurality of channels 316c that extend
radially inwards from the periphery of the flange 316b.
The channels 316c stop short of the bore 316a.
[0096] The retaining member 320 is of similar form to
the retaining member 220 of the pumping head 200 of
the first embodiment of the invention. The retaining mem-
ber 320 is therefore of generally tubular form and includes
a bore 320a for receiving the lowermost end 204a of the
housing 204. The retaining member 320 and the lower-
most end 204a of the housing 204 are provided with co-
operating threaded regions (not shown). When assem-
bled, an upper end 320c of the retaining member 320
abuts a shoulder 204c of the housing 204.
[0097] A lower end portion of the retaining member
320 is provided with an inwardly-extending flange 320b.
The guide member 316 is a clearance fit within the flange
320b, and the outer diameter of the flange 316b of the
guide member 316 is less than the inside diameter of the
retaining member 320.
[0098] Furthermore, the flange 316a of the slide mem-
ber has a thickness that is less than the gap between the
lowermost end 204a of the housing 204 and the upper-
most face of the flange 320b of the retaining member 320.

[0099] Accordingly, the guide member 316 can move
in a direction parallel to the pumping axis Q within the
gap between the lowermost end 204a of the housing 204
and the flange 320b of the retaining member. In use, the
guide member 316 cooperates with the retaining member
320 and the housing 204 to act as an inlet disc valve for
the pumping head 300, as will now be described.
[0100] When the pumping element 202 moves up-
wards, during the forward stroke of the pumping cycle,
the decreasing pressure in the first pumping chamber
240 causes the guide member 316 to move upwards into
a first position. In the first position, the upper surface of
the flange 316b of the guide member 316 abuts the low-
ermost end 204a of the housing 204, leaving a gap be-
tween the lower surface of the flange 316b of the guide
member 316 and the upper surface of the flange 320b
of the retaining member 320. With the guide member 316
in this first position, fluid can flow into the first pumping
chamber 240 via the clearances between the guide mem-
ber 316 and the retaining member 320, and through the
channels 316c in the upper surface of the flange 320b
that provide a flow path for fluid past the lowermost end
204a of the housing 204.
[0101] When the pumping element 202 moves down-
wards, during the return stroke of the pumping cycle, the
increasing pressure in the first pumping chamber 240
causes the guide member 316 to move downwards into
a second position. In the second position, the flange 316b
of the guide member 316 seats against the flange 320b
of the retaining member 320, thereby preventing fluid flow
out of the first pumping chamber 240 through the inlet
arrangement 314.
[0102] The pumping head 300 shown in Figures 5 and
6 may be used where the fluid to be pumped is supplied
to the pumping head 300 by way of an internal volume
defined by a housing (not shown) that houses the drive
mechanism for the pumping element 204. In such a case,
the fluid to be pumped may comprise a lubricating fluid,
such as diesel fuel, that lubricates the drive mechanism.
[0103] Several modifications and variations of the em-
bodiments described above can be contemplated.
[0104] For example, any suitable inlet means may be
provided for supplying fluid to the first pumping chamber.
Instead of an inlet passage that is occluded by the port
(as shown in Figure 4) or a disc-valve arrangement (as
shown in Figures 5 and 6), an inlet passage that is always
in communication with the first pumping chamber may
be provided, and an external check valve may be used
to prevent back-flow into the inlet passage during the
return stroke of the pumping element. In any arrange-
ment, an inlet metering valve may be provided to regulate
the supply of fluid to the pumping head through the inlet
means. Conceivably, the inlet means may include one
or more passages in the pumping element.
[0105] Any suitable outlet valve arrangement could be
provided in place of the ball-type outlet valve described
above. The outlet valve arrangement may be integral with
the pumping head, as described above, or may be
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housed separately from the pumping head with a high-
pressure line to convey fluid from the pumping head to
the outlet valve arrangement.
[0106] Similarly, any suitable transfer passage valve
arrangement could be provided. For example, a transfer
passage arrangement having one or more ports that are
occluded by the pumping element during part of the
pumping cycle could be used to effect transfer of fluid
from the first chamber to the second chamber.
[0107] Any suitable means may be used to transfer
fluid from the first pumping chamber to the second pump-
ing chamber, in use. For example, instead of or in addition
to a transfer passage in the pumping element, one or
more transfer passages that extend within a wall of the
housing could be provided.
[0108] Pumping heads according to the invention with
alternative configurations of the pumping element and
pumping bore can be envisaged. For example, the upper
portion of the pumping bore and the upper portion of the
pumping element shaft could be omitted, and the first
chamber could be provided in the space occupied by the
third chamber in the above-described embodiments.
[0109] In the embodiments described above, the third
chamber serves only to provide a path for leakage fluid
to return to drain. However, the third chamber could in-
stead be used as an additional pumping chamber of the
pumping head.
[0110] In an arrangement with three pumping cham-
bers and a suitable arrangement of transfer passages to
transfer fluid between the pumping chambers, the fluid
could be pressurised to a first intermediate pressure in
a first pumping chamber during one stroke of the pumping
element, then pressurised to a second, higher interme-
diate pressure in the second pumping chamber during
the next stroke, and then pressurised to the outlet pres-
sure in the third pumping chamber during the next stroke.
[0111] For example, in one embodiment (not illustrat-
ed), the third chamber comprises an inlet pumping cham-
ber. Instead of being connected to the first chamber, the
inlet passage is arranged to deliver fluid to the inlet pump-
ing chamber. A second inlet passage is provided to trans-
fer fluid from the inlet pumping chamber to the first pump-
ing chamber. The second inlet passage may, for exam-
ple, extend through the collar portion of the pumping el-
ement, and may include a non-return valve to prevent
back flow from the first chamber into the inlet pumping
chamber.
[0112] When the volume of the inlet pumping chamber
increases during the return stroke of the pumping ele-
ment, fluid flows into the inlet pumping chamber from the
first inlet passage. Then, when the volume of the inlet
pumping chamber decreases during the forward stroke
of the pumping element, the fluid in the inlet pumping
chamber is pressurised to a first intermediate pressure,
and is transferred from the inlet pumping chamber to the
first pumping chamber through the second inlet passage.
A subsequent return stroke elevates the pressure of the
fluid in the first pumping chamber further, to a second

intermediate pressure, while the fluid is transferred to the
second pumping chamber. Finally, on the next forward
stroke, the fluid pressure is increased from the second
intermediate pressure to the outlet pressure in the sec-
ond pumping chamber.
[0113] A known drive mechanism such as that de-
scribed with reference to Figure 3 may be used to drive
the reciprocal movement of the pumping element, in
which case the force available to drive the return stroke
of the plunger depends on the strength of the return
spring of the drive mechanism. In an alternative embod-
iment, a drive mechanism capable of driving the return
stroke of the plunger by means other than a return spring
may be used.
[0114] It will be appreciated that the pumping head of
the present invention is not limited to use in a fuel injection
system, but would be suitable for any application in which
a high-pressure pumping head with good reliability and
a simple design is desirable.
[0115] Further modifications and variations could also
be contemplated by a person skilled in the art, without
departing from the scope of the invention as defined in
the appended claims.

Claims

1. A pumping head (200; 300) for a high-pressure fuel
pump, comprising:

a head housing (204) having a bore (206);
a pumping element (202) slidably received in
the bore (206) and arranged for reciprocal linear
movement along a pumping axis (Q) in alternat-
ing forward and return strokes together defining
a pumping cycle;
a first pumping chamber (240) and a second
pumping chamber (242), each pumping cham-
ber (240, 242) being defined, in part, by the
pumping element (202);
inlet means (290; 314) for delivering fluid to the
first pumping chamber (240) from a source of
fluid;
outlet means (246, 248) for conveying fluid from
the second pumping chamber (242) to an outlet
(244) of the pumping head; and
transfer means (260, 262) for conveying fluid
from the first pumping chamber (240) to the sec-
ond pumping chamber (242);
wherein each forward stroke of the pumping el-
ement (202) causes an increase in volume of
the first pumping chamber (240) and a decrease
in volume of the second pumping chamber
(242), thereby to cause fluid to flow into the first
pumping chamber (240) from the inlet means
(290; 314) and to cause fluid to flow out of the
second pumping chamber (242) to the outlet
means (246, 248);
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and wherein each return stroke of the pumping
element (202) causes a decrease in volume of
the first pumping chamber (240) and an increase
in volume of the second pumping chamber
(242), thereby to cause fluid to flow from the first
chamber (240) to the second chamber (242)
through the transfer means (260, 262).

2. A pumping head according to Claim 1, wherein fluid
is delivered to the first pumping chamber (240) at a
relatively low inlet pressure, and wherein:

the decrease in volume of the first pumping
chamber (240) during the return stroke causes
an increase in fluid pressure to an intermediate
pressure; and
the decrease in volume of the second pumping
chamber (242) during the forward stroke causes
a further increase in fluid pressure to a relatively
high outlet pressure.

3. A pumping head according to Claim 1 or Claim 2,
wherein the first pumping chamber (240) is larger in
cross-sectional area in a plane normal to the pump-
ing axis than the second pumping chamber (242).

4. A pumping head according to any preceding Claim,
wherein the transfer means comprises a transfer
passage (260) in the pumping element (202).

5. A pumping head according to any preceding Claim,
wherein the transfer means comprises a transfer
valve (262) arranged to permit fluid flow from the first
chamber (240) to the second chamber (242) during
the return stroke, and to restrict fluid flow from the
second chamber (242) to the first chamber (240) dur-
ing the forward stroke.

6. A pumping head according to any preceding Claim,
further comprising relief means (274, 276, 278, 280)
for providing communication between the bore (206)
and a low-pressure drain, the relief means (274, 276,
278, 280) being remote from the first chamber (240)
and the second chamber (242)

7. A pumping head according to Claim 6, wherein the
relief means comprises a non-return valve (280) to
prevent the flow of fluid from the drain into the pump-
ing bore (202).

8. A pumping head according to Claim 6 or Claim 7,
wherein the relief means comprises a relief chamber
(274) defined, in part, by the pumping element (202).

9. A pumping head according to Claim 8, wherein the
pumping element (202) comprises a shaft (210) and
a collar portion (212), and wherein the first chamber
(240) is defined, in part, by a first surface of the collar

portion (212) and the relief chamber (274) is defined,
in part, by an oppositely-facing second surface of
the collar portion (212).

10. A pumping head according to any of Claims 1 to 8,
wherein the pumping element (202) comprises a
shaft (210) and a collar portion (212), and wherein
the first chamber (240) is defined, in part, by a sur-
face of the collar portion (212).

11. A pumping head according to any preceding Claim,
wherein the second pumping chamber (232) is de-
fined, in part, by an end of the pumping element
(202).

12. A pumping head according to any preceding Claim,
comprising a guide member (216; 316) for the pump-
ing element (202) and a retaining member (220; 320)
for retaining the guide member (216; 316), wherein
the first pumping chamber (240) is defined, in part,
by the guide member (216; 316).

13. A pumping head according to Claim 12, wherein the
inlet means comprises a fluid flow path between the
guide member (316) and the retaining member
(320), and wherein the guide member (316) is en-
gageable with the retaining member (320) to restrict
fluid flow through the fluid flow path during the return
stroke.

14. A pumping head according to any of Claims 1 to 12,
wherein the inlet means comprises an inlet passage
(290) that opens into the first chamber (240), and
wherein the pumping element (202) is arranged to
occlude the inlet passage (290) to limit flow between
the first chamber (240) and the inlet passage (290)
during a portion of the pumping cycle.

15. A method for pressurising fluid to a relatively high
outlet pressure in a pumping head (200; 300) of a
fluid pump, the method comprising:

admitting fluid to the pumping head at a relatively
low inlet pressure;
pressurising the fluid to an intermediate pres-
sure during a first stage of a pumping cycle; and
pressurising the fluid to the relatively high outlet
pressure during a second stage of the pumping
cycle.

Amended claims in accordance with Rule 137(2)
EPC.

1. A pumping head (200; 300) for a high-pressure
fuel pump, comprising:

a head housing (204) having a bore (206);
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a pumping element (202) slidably received in
the bore (206) and arranged for reciprocal linear
movement along a pumping axis (Q) in alternat-
ing forward and return strokes together defining
a pumping cycle;
a first pumping chamber (240) and a second
pumping chamber (242), each pumping cham-
ber (240, 242) being defined, in part, by the
pumping element (202);
inlet means (290; 314) for delivering fluid to the
first pumping chamber (240) from a source of
fluid;
outlet means (246, 248) for conveying fluid from
the second pumping chamber (242) to an outlet
(244) of the pumping head; and
transfer means (260, 262) for conveying fluid
from the first pumping chamber (240) to the sec-
ond pumping chamber (242);
wherein each forward stroke of the pumping el-
ement (202) causes an increase in volume of
the first pumping chamber (240) and a decrease
in volume of the second pumping chamber
(242), thereby to cause fluid to flow into the first
pumping chamber (240) from the inlet means
(290; 314) and to cause fluid to flow out of the
second pumping chamber (242) to the outlet
means (246, 248);
and wherein each return stroke of the pumping
element (202) causes a decrease in volume of
the first pumping chamber (240) and an increase
in volume of the second pumping chamber
(242), thereby to cause fluid to flow from the first
chamber (240) to the second chamber (242)
through the transfer means (260, 262).

2. A pumping head according to Claim 1, wherein
fluid is delivered to the first pumping chamber (240)
at a relatively low inlet pressure, and wherein:

the decrease in volume of the first pumping
chamber (240) during the return stroke causes
an increase in fluid pressure to an intermediate
pressure; and
the decrease in volume of the second pumping
chamber (242) during the forward stroke causes
a further increase in fluid pressure to a relatively
high outlet pressure.

3. A pumping head according to Claim 1 or Claim 2,
wherein the first pumping chamber (240) is larger in
cross-sectional area in a plane normal to the pump-
ing axis than the second pumping chamber (242).

4. A pumping head according to any preceding
Claim, wherein the transfer means comprises a
transfer passage (260) in the pumping element
(202).

5. A pumping head according to any preceding
Claim, wherein the transfer means comprises a
transfer valve (262) arranged to permit fluid flow from
the first chamber (240) to the second chamber (242)
during the return stroke, and to restrict fluid flow from
the second chamber (242) to the first chamber (240)
during the forward stroke.

6. A pumping head according to any preceding
Claim, further comprising relief means (274, 276,
278, 280) for providing communication between the
bore (206) and a low-pressure drain, the relief means
(274, 276, 278, 280) being remote from the first
chamber (240) and the second chamber (242)

7. A pumping head according to Claim 6, wherein
the relief means comprises a non-return valve (280)
to prevent the flow of fluid from the drain into the
pumping bore (202).

8. A pumping head according to Claim 6 or Claim 7,
wherein the relief means comprises a relief chamber
(274) defined, in part, by the pumping element (202).

9. A pumping head according to Claim 8, wherein
the pumping element (202) comprises a shaft (210)
and a collar portion (212), and wherein the first cham-
ber (240) is defined, in part, by a first surface of the
collar portion (212) and the relief chamber (274) is
defined, in part, by an oppositely-facing second sur-
face of the collar portion (212).

10. A pumping head according to any of Claims 1 to
8, wherein the pumping element (202) comprises a
shaft (210) and a collar portion (212), and wherein
the first chamber (240) is defined, in part, by a sur-
face of the collar portion (212).

11. A pumping head according to any preceding
Claim, wherein the second pumping chamber (232)
is defined, in part, by an end of the pumping element
(202).

12. A pumping head according to any preceding
Claim, comprising a guide member (216; 316) for
the pumping element (202) and a retaining member
(220; 320) for retaining the guide member (216; 316),
wherein the first pumping chamber (240) is defined,
in part, by the guide member (216; 316).

13. A pumping head according to Claim 12, wherein
the inlet means comprises a fluid flow path between
the guide member (316) and the retaining member
(320), and wherein the guide member (316) is en-
gageable with the retaining member (320) to restrict
fluid flow through the fluid flow path during the return
stroke.
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14. A pumping head according to any of Claims 1 to
12, wherein the inlet means comprises an inlet pas-
sage (290) that opens into the first chamber (240),
and wherein the pumping element (202) is arranged
to occlude the inlet passage (290) to limit flow be-
tween the first chamber (240) and the inlet passage
(290) during a portion of the pumping cycle.

15. A method for pressurising fluid to a relatively high
outlet pressure in a pumping head (200; 300) ac-
cording to any of Claims 1 to 14, the method com-
prising:

admitting fluid to the first pumping chamber
(240) of the pumping head at a relatively low
inlet pressure, by way of the inlet means (290,
314);
pressurising the fluid to an intermediate pres-
sure in the first pumping chamber (240) during
a return stroke of the pumping element (202);
and
pressurising the fluid to the relatively high outlet
pressure in the second pumping chamber (242)
during a forward stroke of the pumping element
(202).
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