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(54) Pumping head

(57) A pumping head (100; 200) for a high-pressure
fuel pump is disclosed. The pumping head comprises a
head housing (101; 201) having a bore (106), a pumping
element (104) slidably received within the bore (106) and
arranged for reciprocal linear movement along a pumping
axis (A), a pumping chamber (110) defined in part by the
pumping element (104) and in part by the bore (106),
wherein a forward stroke of the pumping element (104)
causes a reduction in volume of the pumping chamber
(110), and a return stroke of the pumping element (104)
causes an increase in volume of the pumping chamber
(110), inlet means (130; 230) for delivering fluid at rela-
tively low pressure to the pumping chamber (110) during
the return stroke. and outlet means (114) for receiving
fluid at relatively high pressure from the pumping cham-
ber (110) during the forward stroke and for delivering the
relatively high-pressure fluid to an outlet (128) of the
pumping head. The pumping element (104) cooperates
with the inlet means (130; 230) to restrict the flow of fluid
between the inlet means (130; 230) and the pumping
chamber (110) during at least a part of the forward stroke
so that the inlet means is not exposed to the relatively
high-pressure fluid. Preferably, the outlet means (114,
124) is arranged to convey fluid from the pumping cham-
ber (110) to the outlet (128) in a fluid flow direction that
is substantially coaxial with the pumping axis (A).
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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 (not shown) for driving reciprocal move-
ment 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-
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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. Fuelis 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, 56¢ 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,
56¢, respectively.

[0012] Itisimportantto avoid leakage of high-pressure
fuel from the pumping chamber 60, since fuel leakage
can give rise to a significant fire risk. Furthermore, leak-
age of high-pressure fuel leads to inefficient operation,
since the energy used to pressurise the leaked fuel is
wasted.

[0013] Accordingly, it is necessary to provide high-
pressure fuel seals in the pumping head of Figure 2. As
will now be described, a first high-pressure seal 70 is
provided to prevent 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.
[0014] 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



3 EP 2 492 492 A1 4

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.

[0015] 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.

[0016] 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.
The inlet valve 62 can be screwed into the inlet valve
bore 76 to a sufficient degree to ensure that no fuel leaks
past the first high-pressure seal 70. A sealing washer
may also be provided between the inlet valve 62 and the
shoulder 78.

[0017] A similar arrangement is present in the second
horizontally-extending portion 56¢ 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.
[0018] In this case, an outlet passage 84 extends lat-
erally from the pumping chamber 60 to open into an en-
larged-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 di-
ameter 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.
[0019] 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.

[0020] 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. Again, a sealing washer could be used
between the outlet valve 64 and the second shoulder 88.
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.

[0021] It will be appreciated that the requirement to
provide high-pressure seals 70, 72 adds substantial cost
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and complexity to the pumping head 50, particularly in
very high-pressure applications, for example at pres-
sures of 2000 bar or more. Furthermore, because the
high-pressure seals 70, 72 are subject to high stresses
during manufacture and use, they represent a potential
source of failure of the pumping head.

[0022] Another consideration in the design of pumping
heads used in very high-pressure applications, such as
the pumping head 50 of Figure 2, is the high loads that
act on the housing 56 due to the pressure of fuel in the
pumping chamber 60. In particular, where the inlet pas-
sage 74 and the outlet passage 84 intersect with the blind
bore 58 to open into the pumping chamber 60, it is nec-
essary to shape the intersections between the passages
to avoid sharp edges that could act to cause local stress
concentrations and, potentially, failure of the pumping
head due to fatigue damage. The shaping of intersections
between such passages is described, for example, in the
Applicant’s International Patent Application Publication
No. WO2006/131741.

[0023] The requirement to shape the intersections be-
tween the passages, for example by mechanical or elec-
trochemical machining, also adds cost and complexity to
the pumping head 50, and in particular to the process for
manufacturing such a pumping head.

[0024] 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

[0025] From a first aspect, the present invention re-
sides in a pumping head for a high-pressure fuel pump,
comprising a head housing having a bore, a pumping
element slidably received within the bore and arranged
forreciprocal linear movement along a pumping axis, and
a pumping chamber defined in part by the pumping ele-
ment and in part by the bore, wherein a forward stroke
of the pumping element causes a reduction in volume of
the pumping chamber and a return stroke of the pumping
element causes an increase in volume of the pumping
chamber. The pumping head further comprises inlet
means for delivering fluid at relatively low pressure to the
pumping chamber during the return stroke, and outlet
means for receiving fluid at relatively high pressure from
the pumping chamber during the forward stroke and for
delivering the relatively high-pressure fluid to an outlet
of the pumping head.

[0026] The pumping element cooperates with the inlet
means to restrict the flow of fluid between the inlet means
and the pumping chamber during at least a part of the
forward stroke so that the inlet means is not exposed to
the relatively high-pressure fluid.

[0027] During the forward stroke, fluid in the pumping
chamber is pressurised as a result of the reduction in
volume of the pumping chamber, so that fluid is delivered
to the outlet means at high pressure. Advantageously,
because the pumping element restricts flow between the
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pumping chamber and the inlet means during the forward
stroke, the entire inlet means can be substantially isolat-
ed from the high fluid pressures that arise in the pumping
chamber and, accordingly, the housing is not subjected
to high stresses around the inlet means. The likelihood
of fatigue damage is therefore reduced.

[0028] Itis a further benefit of the invention that a high-
pressure seal associated with the inlet means is not nec-
essary. Furthermore, because the inlet means is sub-
stantially isolated from the pumping chamber, the effec-
tive volume of fluid that is in communication with the
pumping chamber during the forward stroke (known as
the 'dead volume’) is reduced. By reducing the dead vol-
ume, and therefore the volume of fluid that must be com-
pressed to achieve a given fluid pressure increase, a
more efficient pumping action is achieved.

[0029] The pumping head of the present invention is
therefore less complex, more efficient, more reliable and
less costly to manufacture than previously-known pump-
ing heads of the type shown in Figure 2.

[0030] The inlet means preferably comprises at least
one inlet passage that communicates with the bore. The
pumping element may occlude the or each inlet passage
to restrict the flow of fluid from the inlet passage to the
pumping chamber.

[0031] The outlet means may be arranged to convey
fluid from the pumping chamber to the outlet in a fluid
flow direction that is substantially coaxial with the pump-
ing axis. Advantageously, in this arrangement, stress
concentrations in the pumping head are minimised, and
in particular are reduced compared to known arrange-
ment in which fluid is conveyed from a pumping chamber
to an outlet in a direction that is, for example, at perpen-
dicular to the pumping axis. In one example, the outlet
means comprises a passage that opens into the pumping
chamber, and the passage is substantially coaxial with
the pumping axis.

[0032] The outlet means may comprise an outlet valve
for controlling the flow of fluid from the pumping chamber
to the outlet through a fluid flow path substantially parallel
to the pumping axis. The outlet valve may comprise a
valve body, and the housing may comprise a bore for
receiving the valve body. The valve body may be an in-
terference fit in the bore.

[0033] The outlet valve may comprise a valve element,
and the valve element may be moveable in a direction
that is substantially coaxial with the pumping axis for con-
trolling the flow of fluid from the pumping chamber to the
outlet.

[0034] In one advantageous arrangement, the outlet
of the pumping head comprises a port that defines the
bore for receiving the valve body. In this way, the require-
ment for a high-pressure seal to seal the valve body in
the pumping head can be avoided.

[0035] The fluid flow path may comprise a passage in
the valve body. The passage is preferably substantially
coaxial with the pumping axis.

[0036] A second aspect of the present invention re-
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sides in a high-pressure pump for a fuel injection system,
comprising a pumping head according to the first aspect
ofthe invention, a pump body comprising a pump housing
defining an internal volume and including an aperture for
receiving the pumping head, and a drive mechanism
housed in the internal volume and arranged to drive the
pumping element in reciprocal linear movement along
the pumping axis.

[0037] In one embodiment, the inlet means is in com-
munication with the internal volume. In such a case, the
fluid to be pumped may be a lubricating fluid that lubri-
cates the drive mechanism in use. The aperture may de-
fine a chamber, and the inlet means may communicate
with the internal volume by way of the chamber.

[0038] In another embodiment, the pump housing
comprises a supply conduit for delivering fluid to the inlet
means. In this way, the fluid to be pumped can be kept
separate from the drive mechanism. The pump may com-
prise sealing means to prevent communication between
the inlet means and the internal volume.

[0039] The present invention also extends, in a third
aspect, to a fuel injection system comprising a high-pres-
sure pump comprising a pumping head according to the
first aspect of the invention, or a high-pressure pump
according to the second aspect of the invention. The fuel
injection system may include a fluid source, and an inlet
metering valve for receiving fluid from the fluid source
and for delivering the fluid to the inlet means of the pump-
ing head. The inlet metering valve may be remote from
the pumping head.

[0040] From a fourth aspect, the invention resides in
a pumping head for a high-pressure fuel pump, compris-
ing a head housing having a bore, a pumping element
slidably received within the bore and arranged for recip-
rocal linear movement along a pumping axis, and a
pumping chamber defined in part by the pumping ele-
ment and in part by the bore, wherein a forward stroke
of the pumping element causes a reduction in volume of
the pumping chamber and a return stroke of the pumping
element causes an increase in volume of the pumping
chamber. The pumping head further comprises inlet
means for delivering fluid to the pumping chamber during
the return stroke, and outlet means for receiving fluid
from the pumping chamber during the forward stroke and
for delivering fluid to an outlet of the pumping head. The
outlet means is arranged to convey fluid from the pump-
ing chamber to the outlet in a fluid flow direction that is
substantially coaxial with the pumping axis.

[0041] In such an arrangement, the stress concentra-
tions that arise in the housing, for example at intersec-
tions between the pumping chamber and the outlet
means, are reduced compared to arrangements in which
fluid is conveyed by the outlet means in a fluid flow di-
rection that is not substantially coaxial with the pumping
axis.

[0042] Preferably, the outlet is axially aligned with the
pumping axis. In this way, the pumping head can be fitted
to the pump housing in any angular orientation. Further-
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more, this flexibility in angular orientation means that mis-
alignment of the pumping plunger, for example due to
manufacturing tolerances, is easier to accommodate.
[0043] Afifth aspect ofthe invention residesina pump-
ing head for a high-pressure fuel pump, comprising a
head housing having a bore, a pumping element slidably
received within the bore and arranged for reciprocal lin-
ear movement along a pumping axis, and a pumping
chamber defined in part by the pumping element and in
part by the bore, wherein a forward stroke of the pumping
element causes a reduction in volume of the pumping
chamber and a return stroke of the pumping element
causes an increase in volume of the pumping chamber.
The pumping head further comprises inlet means for de-
livering fluid to the pumping chamber during the return
stroke, an outlet port for connection to a high-pressure
fluid line, and an outlet valve comprising an outlet valve
body housed within the outlet port. The outlet valve is
arranged to control the flow of fluid from the pumping
chamber to the outlet port through the outlet valve body
during the forward stroke.

[0044] Because fluid exits the head through the outlet
valve body, which is received within the outlet port, only
one high-pressure seal is needed to seal the outlet valve
within the head and to seal the connection between the
head and an external fluid line.

[0045] 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
[0046]

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.

Figure 2, which has also been referred to above, is
a schematic cross-sectional view of a pumping head
of a conventional high-pressure fuel pump for use in
the fuel injection system of Figure 1.

[0047] The presentinvention willnow 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 3 is a cross-sectional view of a pumping head
according to the invention; and

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

[0048] Throughout this description, terms such as 'up-
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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

[0049] A first embodiment of the present invention is
illustrated in Figure 3. A pumping head 100 is mounted
to a pump housing 102 (shown only in part in Figure 3)
of a high-pressure fuel pump, for use in a fuel injection
system for an internal combustion engine.

[0050] The pump housing 102 houses a drive mecha-
nism (not shown) for a pumping plunger or pumping el-
ement 104. The drive mechanism, which may be of a
known type, comprises a cam and follower arrangement
that drives the pumping element 104 in reciprocal linear
motion along a pumping axis A, in use. The drive mech-
anism is contained within an internal volume 105 of the
pump housing 102.

[0051] The pumping head 100 comprises a head hous-
ing 101 of generally tubular form, and is arranged so that
the tube axis of the head housing 101 is coaxial with the
pumping axis A. The pumping head 100 comprises a
pumping bore 106 that extends upwardly from a lower
end of the head housing 101, in the orientation shown in
Figure 3. The pumping bore 106 slidably receives the
pumping element 104, and a pumping chamber 110 is
defined in part by an end face 108 of the pumping element
104 and in part by the wall of the pumping bore 106.
[0052] An outlet valve bore 112 extends downwardly
into the head housing 101 from its upper end. The outlet
valve bore 112 houses an outlet valve 114 having a gen-
erally tubular valve body 116 and a spherical valve ball
118. The valve ball 118 is biased away from the valve
body 116 by a biasing spring 120, which acts between
the ball 118 and an internal collar 122 of the valve body
116. The biasing spring 120 is received in a spring cham-
ber 121 defined in part by the bore of the valve body 116,
in part by the collar 122, and in part by the lower end of
the outlet valve bore 112. A central passage or opening
123 in the collar 122 provides fluid communication be-
tween the spring chamber 121 and the upper end of the
head housing 101.

[0053] The pumping chamber 110 communicates with
the outlet valve bore 112 by way of a flow passage 124
in the head housing 101 that extends coaxially with the
pumping axis A. An upper end of the flow passage 124
is shaped to form a valve seat 126 for the ball 118.
[0054] An upper portion of the head housing 101 com-
prises a tubular outlet port 128 that defines an outlet of
the pumping head 100. The port 128 is externally thread-
ed to accept a connector for a high-pressure fuel line (not
shown). In use, the high-pressure fuel line delivers fuel
from the pumping head 100 to a fuel rail (not shown) of
a fuel injection system. The outlet valve bore 112 is lo-
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cated within the port 128.

[0055] Conveniently, the outlet valve body 116 is an
interference fit within the outlet valve bore 112. In use,
the fluid pressure acting on the upwardly-facing surfaces
of the outlet valve body 116 as a result of fluid in the fuel
line is similar to the fluid pressure acting on the down-
wardly-facing surfaces of the outlet valve body 116. It is
not therefore necessary to secure the outlet valve body
116 in the outlet valve bore 112 with a high-strength
threaded connection or similar, although it will be appre-
ciated that such a securing means could be used if de-
sired.

[0056] When the outlet valve 114 is open, fluid flows
past the valve ball 118 and the valve body 116, by way
of the opening 123. Pressurised fluid therefore exits the
head 100 by way of the outlet valve bore 112, into which
the valve body 116 is inserted during manufacture. In this
way, the pumping head 100 requires only one high-pres-
sure seal between the outlet port 128 of the head housing
101 and the fuel line (not shown), which serves to seal
the outlet valve 114 in the housing as well as to connect
the head 100 to the fuel line.

[0057] An inlet passage 130 provides fluid communi-
cation between the pumping bore 106 and the outer sur-
face 132 of the head housing 101. In this embodiment,
the inlet passage 130 extends radially through the wall
of the head housing 101, and is arranged to receive fluid
at relatively low pressure from within the internal volume
105 of the pump housing 102. Only one inlet passage
130 is shown in Figure 3, but it will be appreciated that
more radial inlet passages could be provided at the same
axial position but different radial positions in the head
housing 101.

[0058] The head housing 101 is mounted in an aper-
ture 134 in the pump housing 102 and is held in place by
suitable retaining means. For example, a lower portion
of the head housing 101 may be externally threaded for
engagement with an internally-threaded portion of the
aperture 134. For clarity, the threaded portions are not
shown in Figure 3.

[0059] The head housing 101 includes an external col-
lar 136 that abuts the pump housing 102 around the pe-
riphery of the aperture 134, in use. A lower face of the
collar 136 and an upper face of the pump housing 102
are provided with annular recesses 138, 139 that togeth-
er receive a sealing washer 140, such as an 'O’ ring. In
this way, a fluid seal 142 is formed between the head
100 and the pump housing 102. This seal 142 is subject-
ed only to relatively low fluid pressures in use, so need
not be adapted to resist the leakage of high-pressure
fluid. The collar 136 may be provided with flats to serve
as a fixing nut for the pumping head 100.

[0060] To permitfluid flow between the internal volume
105 of the pump housing 102, a lower part 144 of the
aperture 134 is formed with an increased diameter, rel-
ative to the remaining part of the aperture 134. A clear-
ance 146 between the increased-diameter part 144 of
the aperture and the head housing 101 defines an annu-

10

15

20

25

30

35

40

45

50

55

lar passage through which fluid can reach the inlet pas-
sage 130.

[0061] Fluid to be pumped is delivered to the internal
volume 105 of the pump housing 102 from a fluid source,
such as a fuel tank, by way of an inlet metering valve (not
shown). In this way, the inlet metering valve controls the
delivery of fluid to the inlet passage 130.

[0062] In use, the pumping element 104 reciprocates
cyclically within the pumping bore 106 to define a pump-
ing cycle comprising a forward or pumping stroke and a
return or filling stroke. During the forward stroke of the
pumping cycle, the pumping element 104 moves up-
wards to reduce the volume of the pumping chamber
110. During a return stroke of the pumping cycle, the
pumping element 104 moves downwards to increase the
volume of the pumping chamber 110. The furthest up-
ward extent of travel of the pumping element 104,
reached at the end of the forward stroke, is known as the
top dead centre (TDC) position, and the furthest down-
ward extent of travel of the pumping element 104,
reached at the end of the return stroke, is known as the
bottom dead centre (BDC) position.

[0063] Theinletpassage 130 is positioned so that, dur-
ing a first portion of the pumping cycle, the pumping el-
ement 104 occludes the opening of the inlet passage 130
into the pumping bore 106. Accordingly, during this first
portion of the pumping cycle, the flow of fluid between
the inlet passage 130 and the pumping chamber 110 is
prevented or atleast substantially restricted. Thefirst por-
tion of the pumping cycle includes the end of the forward
stroke and the start of the return stroke, when the pump-
ing element 104 is close to or at TDC.

[0064] During a second portion of the pumping cycle,
the position of the pumping element 104 is such the open-
ing of the inlet passage 130 into the pumping bore 106
is not occluded by the pumping element 104. In other
words, in this second portion of the pumping cycle, fluid
can flow substantially freely between the inlet passage
130 and the pumping chamber 130. The second portion
of the pumping cycle includes the end of the return stroke
and the start of the forward stroke, when the pumping
element is close to or at BDC.

[0065] Operation of the pumping head 100 during a
pumping cycle will now be described, from a starting point
in which the pumping element 104 is at TDC, the inlet
passage 130 is closed, and the outlet valve 114 is closed
(i.e. the valve ball 118 is seated on the valve seat 126.

[0066] As the pumping element 104 is driven down-
wards by the drive mechanism, towards BDC, the volume
of the pumping chamber 110 increases. Part-way
through the return stroke, the end 108 of the pumping
element 104 moves past the opening of the inlet passage
130, so that fluid can flow from the inlet passage into the
valve bore 106, and consequently into the pumping
chamber 110.

[0067] The volume of the pumping chamber 110 in-
creases until the pumping element 104 reaches BDC.
Therefore, the effect of the return stroke is to fill the pump-
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ing chamber 110 with fluid from the inlet passage 130.
[0068] Once the pumping element 104 passes BDC,
the forward stroke of the pumping cycle begins, and the
pumping element 104 moves upwards to decrease the
volume of the pumping chamber 110. Part-way through
the forward stroke, the end 108 of the pumping element
104 passes the inlet passage 130 so that communication
between the inlet passage 130 and the pumping chamber
110 is substantially restricted.

[0069] As the forward stroke continues, the pressure
of fluid in the pumping chamber 110 increases until the
pressure acting on the valve ball 118 is sufficient to over-
come the force of the biasing spring 120, allowing the
ball 118 to move away from its seat 126. At this point,
the outlet valve 114 opens to allow high-pressure fluid to
flow from the pumping chamber 110 out of the pumping
head 100.

[0070] Once the pumping element 104 reaches TDC,
the decrease in volume of the pumping chamber 110
ceases, and the inletvalve 114 closes as the return stroke
begins again.

[0071] Because the pumping element 104 occludes
theinlet passage 130 during the last stages of the forward
stroke, when the pressure in the pumping chamber 110
approaches its maximum value, the inlet passage 130 is
isolated or protected from the highest pressures that oc-
cur within the pumping head 100. Advantageously, there-
fore, stress concentrations that arise at the intersection
between the inlet passage 130 and the pumping bore
106 are unlikely to give rise to failure of the pumping head
100.

[0072] It is to be noted that all of the flow passages
associated with the inflow of relatively low pressure fluid
to the pumping chamber 110, including the inlet passage
130 and referred to as the inlet means, are protected
from the relatively high fluid pressures that arise in the
pumping chamber 110 during the forward stroke. Only
the flow passages that are used to convey fluid from the
pumping chamber 110 to the outlet of the pumping head
100 (i.e. the flow passage 124, the spring chamber 121
andthe opening 123 in the valve body collar 122, together
referred to as the outlet means) are exposed to the high-
pressure fuel.

[0073] It will be appreciated that the advantage of the
invention arises when the inlet passage 130 is protected
from the pressure in the pumping chamber 110 during
the period immediately before and while the outlet valve
114 is open, as the pumping element 104 approaches
TDC. ltis therefore preferable that the first portion of the
pumping cycle, inwhich the inlet passage 130is occluded
by the pumping element 104, is a majority portion of the
pumping cycle.

[0074] Preferably, the inlet passage 130 is occluded
by the valve element 104 over a period of the pumping
cycle from approximately 140 degrees before TDC to ap-
proximately 140 degrees after TDC.

[0075] Because the pumping element 104 is a sliding
fitin the pumping bore 106, a leakage flow of fluid is likely
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to be present between the pumping element 104 and the
pumping bore 106. Accordingly, when the pumping ele-
ment 104 occludes the inlet passage 130, flow between
the pumping chamber 110 and the inlet passage 130 is
not expected to be completely stopped. Instead, a small
leakage flow may still be present. However, the benefit
of the invention still arises because, when the inlet pas-
sage 130 is occluded, the pressure drop between the
pumping chamber 110 and the inlet passage 130 is sub-
stantial.

[0076] Atthe start of the return stroke, the outlet valve
114 closes and the inlet passage 130 is still occluded by
the pumping element 104. The initial increase in volume
in the pumping chamber 110 that occurs before the inlet
passage 130 opens results in a partial vacuum being
drawn in the pumping chamber 110. When the pumping
element 104 clears the inlet passage 130, so that the
inlet passage 130 opens, fluid can then flow into the
pumping chamber 110 from the inlet passage 130 to re-
lieve the partial vacuum.

[0077] It will be appreciated from Figure 3 that, during
the forward stroke, high-pressure fluid flows from the
pumping chamber 110 out of the head housing 101 and
into the high-pressure fuel line (not shown) along a di-
rection that is coaxial with the pumping axis A.

[0078] In particular, the outlet valve bore 112, the flow
passage 124 between the pumping chamber 110 and
the outlet valve bore 112, the axis along which the valve
ball 118 moves as it disengages and reengages with its
seat 126, and the opening 123 in the collar 122 are all
aligned with the pumping axis A. Advantageously, this
configuration means that the pumping head 100 is rela-
tively simple to manufacture. Furthermore, because the
passages in the pumping head 100 that are subject to
the highest pressures during operation, such as the
pumping bore 110 and flow passage 124, are axially
aligned, the stresses at the intersections between the
passages are lower than would be the case if the axes
ofthe high-pressure passages intersected atarightangle
(as is the case in the prior art pumping head shown in
Figure 2).

[0079] The pumping head 100 of the first embodiment
of the invention is particularly suitable for use in diesel
fuel injection systems, in which the fluid to be pumped is
dieselfuel. The diesel fuel has lubricating properties, and
therefore the fuel conveniently lubricates the drive mech-
anism for the pumping element 104 as the fuel flows
through the internal volume 105 of the pump housing 102
before it enters the supply passage 130 of the pumping
head 100.

[0080] A second embodiment of the invention will now
be described with reference to Figure 4, which shows a
pumping head 200 mounted to a pump housing 202 of a
high-pressure fuel pump. The pumping head 200 of this
second embodiment of the invention is similar in most
respects to the pumping head 100 of the first embodiment
of the invention, and accordingly only the differences be-
tween the embodiments will be described in detail. It
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should be noted that reference numerals used in Figure
4 that are not specifically referred to below relate to fea-
tures that are substantially the same as the components
with like reference numerals already described above
with reference to Figure 3.

[0081] The pumping head 200 and pump housing 202
arrangement of Figure 4 differs from the arrangement of
Figure 3 in the way in which fluid is supplied to the inlet
passage, as will now be explained.

[0082] In the Figure 4 embodiment, the head housing
201 includes inlet passages 230 that extend radially from
the plunger bore 106 to the outer surface 232 of the head
housing 201. Two inlet passages 230 are shown in Figure
4, but it will be appreciated that fewer or more radial inlet
passages could be provided at the same axial position
but different radial positions in the head housing 201.
Fluid is supplied to the inlet passages 230 in this case
not from the pump housing volume 105, but from a supply
conduit 250 provided in the pump housing 202.

[0083] As in the first embodiment of the invention, the
pumping head 200 is received in an aperture 234 in the
pump housing 202. In this second embodiment, however,
the aperture 234 has a substantially uniform diameter
through the wall of the pump housing, and the supply
conduit 250 opens on to the internal surface 235 of the
aperture 234.

[0084] The axial position of the supply conduit 250 cor-
responds to the axial location of the inlet passages 230,
when the head 200 is mounted in the pump housing 202.
An annular channel 252 extends around the head hous-
ing 201, and the inlet passages 230 and the supply con-
duit 250 each openinto the annular channel 252. Accord-
ingly, fluid is delivered to the pumping bore 106 and
hence to the pumping chamber 110 from the supply con-
duit 250 via the annular channel 252 and the inlet pas-
sages 230.

[0085] In this embodiment, first and second sealing
grooves 254, 256 extend annularly around the head
housing 201 above and below the annular groove 252.
'O’ rings or other suitable sealing members (not shown)
are received in the sealing grooves 254, 256 to guard
against loss of fluid from the supply conduit 250. The
corresponding seals are subject only to relatively low fluid
pressures, in use.

[0086] A low-pressure seal 142 may also be formed
between the collar 136 of the head housing 201 and the
pump body 202, as in the first embodiment, in which case
the low-pressure seal 142 acts as an additional sealing
means for the pump housing 202.

[0087] The pumping head 200 of the second embodi-
ment of the invention is suitable for use in fuel injection
systems in which the fluid to be pumped does not lubri-
cate the drive mechanism for the pumping element 104.
For example, in gasoline injection systems, a separate
lubricating oil may be used to lubricate the drive mech-
anism, and it is desirable to avoid mixing of the fuel and
the lubricating oil.

[0088] Several modifications and variations of the em-
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bodiments described above can be contemplated.
[0089] For example, the pumping head may include
inlet means that incorporate a conventional inlet valve
that delivers fluid to the inlet passage. The inlet valve
may be a non-return valve, to prevent the back-flow of
fluid from the pumping chamber to the inlet means
through the inlet passage.

[0090] The outlet valve may be of a different type to
that described above. For example, instead of a ball
valve, a needle valve, diaphragm valve or any other suit-
able valve may be provided. The pumping head may be
provided with outlet means in the form of passages with-
out an outlet valve, in which case a suitable non-return
valve could be included in the fuel injection system down-
stream of the pumping head.

[0091] By providing inlet means such as a supply pas-
sage that is occluded by the pumping element during the
forward stroke in combination with an outlet means ar-
ranged so that fluid flows out of the pumping chamber
and through the head in a flow direction that is substan-
tially aligned with the pumping axis A, as in the above-
described embodiments of the invention, a considerable
reduction in the stresses that occur in the pumping head
in use can be achieved.

[0092] It will be appreciated, however, that some ben-
efit is obtained from providing an inlet means that is oc-
cluded by the pumping element during the forward stroke,
in combination with an outlet means having a fluid flow
direction that is not aligned with the pumping axis A. For
example, the outlet means may be arranged so that high-
pressure fluid flows out of the pumping chamber through
a passage that intersects with the pumping bore at a 90°
angle. In another example, the outlet means may be ar-
ranged so that high-pressure fluid flows out of the pump-
ing chamber in a direction having an axis that is offset
from and/or at any suitable angle to the pumping axis A.
In such cases, although relatively high stresses in the
pumping head that are associated with the outlet flow of
high-pressure fluid may still arise, depending on the con-
figuration of the outlet means, relatively high stresses are
still advantageously avoided in the region of the inlet
means.

[0093] Similarly, some benefit can be obtained from
providing an outlet means having a fluid flow direction
that is aligned with the pumping axis A to minimise the
stress concentration in the head housing, in use, even if
the inlet means is not occluded by the pumping element
during the forward stroke.

[0094] Also, some benefit can be obtained from pro-
viding an outlet means comprising an outlet valve located
within an outlet port of the housing to avoid the need for
a dedicated high-pressure seal to seal the outlet valve in
the housing, even if the fluid flow direction in the outlet
means is not aligned with the pumping axis A and/or the
inlet means is not occluded by the pumping element dur-
ing the forward stroke.

[0095] It will be appreciated that the pumping head of
the presentinventionis not limited to use in afuel injection
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system, but would be suitable for any application in which
a high-pressure pumping head with good reliability and
a simple design is desirable.

[0096] 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 (100; 200) for a high-pressure fuel
pump, comprising:

a head housing (101; 201) having a bore (106);
a pumping element (104) slidably received with-
in the bore (106) and arranged for reciprocal lin-
ear movement along a pumping axis (A);

a pumping chamber (110) defined in part by the
pumping element (104) and in part by the bore
(106), wherein a forward stroke of the pumping
element (104) causes a reduction in volume of
the pumping chamber (110), and a return stroke
of the pumping element (104) causes an in-
crease in volume of the pumping chamber (110);
inlet means (130; 230) for delivering fluid at rel-
atively low pressure to the pumping chamber
(110) during the return stroke; and
outletmeans (114) for receiving fluid at relatively
high pressure from the pumping chamber (110)
during the forward stroke and for delivering the
relatively high-pressure fluid to an outlet (128)
of the pumping head;

wherein the pumping element (104) cooperates
with the inlet means (130; 230) to restrict the
flow of fluid between the inlet means (130; 230)
and the pumping chamber (110) during at least
a part of the forward stroke so that the inlet
means is not exposed to the relatively high-pres-
sure fluid.

2. A pumping head according to Claim 1, wherein the
inlet means comprises at least one inlet passage
(130, 230) that communicates with the bore (106).

3. A pumping head according to Claim 2, wherein the
pumping element (104) occludes the or each inlet
passage (130; 230) to restrict the flow of fluid from
the inlet passage (130; 230) to the pumping chamber
(110).

4. A pumping head according to any preceding Claim,
wherein the outlet means (114, 124) is arranged to
convey fluid from the pumping chamber (110) to the
outlet (128) in a fluid flow direction that is substan-
tially coaxial with the pumping axis (A).

5. A pumping head according to Claim 4, wherein the
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10.

11.

12.

13.

14.

outlet means comprises a passage (124) that opens
into the pumping chamber (110), and wherein the
passage (124) is substantially coaxial with the pump-
ing axis (A).

A pumping head according to Claim 4 or Claim 5,
wherein the outlet means comprises an outlet valve
(114) for controlling the flow of fluid from the pumping
chamber (110) to the outlet (128) through a fluid flow
path (121, 123) substantially parallel to the pumping
axis (A).

A pumping head according to Claim 6, wherein the
outlet valve (114) comprises a valve body (116), and
wherein the housing (101) comprises a bore (112)
for receiving the valve body (116).

A pumping head according to Claim 7, wherein the
outlet of the pumping head comprises a port (128)
that defines the bore (112) for receiving the valve
body (116).

A pumping head according to Claim 7 or Claim 8,
wherein the fluid flow path comprises a passage
(123) in the valve body (116), the passage (123) be-
ing substantially coaxial with the pumping axis (A).

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

apumping head (100; 200) according to any pre-
ceding Claim;

a pump body comprising a pump housing (102;
202) defining an internal volume (105) and in-
cluding an aperture (134; 234) for receiving the
pumping head (100;200); and

a drive mechanism housed in the internal vol-
ume (105) and arranged to drive the pumping
element (104) in reciprocal linear movement
along the pumping axis (A).

A pump according to Claim 10, wherein the inlet
means (130) is in communication with the internal
volume (105).

A pump according to Claim 11, wherein the aperture
(134) defines a chamber (146), and wherein the inlet
means (130) communicates with the internal volume
(105) by way of the chamber (146).

A pump according to Claim 10, wherein the pump
housing (202) comprises a supply conduit (250) for
delivering fluid to the inlet means (130).

A pump according to Claim 13, comprising sealing
means (256) to prevent communication between the
inlet means (130) and the internal volume (105).



17 EP 2 492 492 A1

15. A fuel injection system comprising:

a high-pressure pump comprising a pumping
head (100; 200) according to any of Claims 1 to
9, or a high-pressure pump according to any of
Claims 10 to 14;

a fluid source; and

an inlet metering valve for receiving fluid from
the fluid source and for delivering the fluid to the
inlet means (130; 230) of the pumping head
(100; 200).
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