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Description

[0001] The invention relates to a pump assembly suit-
able for use in a common rail fuel injection system for
supplying high pressure fuel to a compression ignition
internal combustion engine. In particular, the invention
relates to a pump assembly of the type having a cam
rider mounted upon an engine driven cam and an inter-
mediate drive member which is coupled to a pumping
plunger and which co-operates with the cam rider, in use,
so as to impart reciprocating, pumping motion to the
plunger.
[0002] In a known common rail fuel pump of radial
pump design, three pumping plungers are arranged at
equi-angularly spaced locations around an engine driven
cam. Each plunger is mounted within a plunger bore pro-
vided in a main pump housing. As the cam is driven in
use, the plungers are caused to reciprocate within their
bores in a phased, cyclical manner. As the plungers re-
ciprocate, each causes pressurisation of fuel within a
pump chamber defined at one end of the associated
plunger bore. The delivery of fuel from the pump cham-
bers to a common high pressure supply line is controlled
by means of delivery valves. The high pressure line sup-
plies fuel to a common rail, or other accumulator volume,
for delivery to the downstream injectors of the common
rail fuel system.
[0003] The cam carries a cam rider which extends co-
axially with the drive shaft and is provided with a plurality
of flats, one for each of the plungers. An intermediate
drive member in the form of a tappet co-operates with
the flat on the cam rider and couples to the plunger so
that, as the tappet is driven upon rotation of the cam,
drive is imparted to the plunger.
[0004] It is important in pumps of this type that move-
ment of both the plunger and of the tappet is guided as
the parts are driven. However, from a manufacturing
point of view, this is difficult to achieve in a pump assem-
bly in which the main pump housing defines the guide
path for both parts.
[0005] It is with a view to addressing this incompatibility
that we provide a fuel pump assembly of improved con-
struction.
[0006] A common rail fuel pump of radial pump design
is described in US Patent No. 6250893. This pump has
an eccentrically driven shaft supported in a pump hous-
ing, around which a ring with three flat faces is disposed
to impart drive to three radially mounted pistons. These
pistons are disposed in cylinder chambers and are recip-
rocated by the motion of the drive shaft. A tappet is mount-
ed around each cylinder, the tappet being guided in a
bore of the main pump housing. Each cylinder chamber
is mounted between the main pump housing and a com-
posite head part containing an inlet and an outlet valve.
[0007] According to the present invention, there is pro-
vided a pump assembly for use in delivering fuel to a
common rail of an internal combustion engine, the pump
assembly comprising: a pumping plunger, an intermedi-

ate drive member and an engine-driven cam, wherein
the pumping plunger is co-operable with the intermediate
drive member, and the intermediate drive member is fur-
ther co-operable with the engine-drive cam, in use, so
as to impart drive to the pumping plunger. The pump
assembly further comprisesa cam rider member having
an inner surface which is co-operable with the cam and
an outer surface which is co-operable with the interme-
diate drive member, a main pump housing provided with
a radially extending opening within which is received, at
a first end thereof, a separate pump head and, at a sec-
ond end thereof, the intermediate drive member so that
the main pump housing serves to guide movement of the
intermediate drive member, in use, characterised in that
the separate pump head is an integral unit having a head
portion and an extension which projects into the radially
extending opening and which defines a plunger bore,
which serves to guide movement of the pumping plunger,
the extension providing an increased sealing length for
the pumping plunger, and wherein the head portion de-
fines a blind end of the plunger bore which, together with
a radially outer face of the pumping plunger, defines a
pump chamber in which fuel is pressurised as the pump-
ing plunger is driven..
[0008] In one preferred embodiment of the invention,
the pump assembly comprises first, second and third
plungers which are equi-angularly spaced around the en-
gine drive cam, the cam rider member being provided
with first, second and third surfaces for co-operation with
first, second and third intermediate drive members, re-
spectively, each intermediate drive member being cou-
pled to an associated one of the plungers and wherein
each of the intermediate drive members is guided within
a respective one of first, second or third radially extending
openings provided in the main pump housing, each of
the first, second and third plungers being guided within
a respective one of first, second or third plunger bores
provided within a respective one of first, second or third
pump heads mounted upon the main pump housing.
[0009] This preferred embodiment of the pump assem-
bly may therefore be considered as having three pump
’units’ radially spaced around the cam, each pump unit
having a pump head and a plunger coupled to an inter-
mediate drive member for mounting within a radially ex-
tending opening in the main pump housing. The radially
extending opening defines a chamber which is flooded
with fuel and within which the intermediate drive member
reciprocates, in use.
[0010] It will be appreciated that the pump assembly
of this preferred embodiment of the invention is not limited
to having three pump units, and a greater number of
pump units may be provided, if required.
[0011] Preferably, the intermediate drive member
takes the form of a tappet, typically a bucket-shaped tap-
pet, having facing tappet sidewalls and a tappet base,
wherein the tappet side walls are guided within the main
pump housing and the tappet base co-operates with a
flat on the outer surface of the cam rider member. It is
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further preferable to provide the pump assembly with
means for allowing fuel to be displaced from, and sup-
plied to, the chamber defined by the radially extending
opening in the main pump housing. For example, each
tappet sidewall may be provided with a sidewall opening
in the form of a window to allow fuel to flow into the cham-
ber and around the tappet during the plunger return
stroke, and also to allow fuel to be displaced from the
chamber during the plunger pumping stroke.
[0012] The pump assembly has several benefits over
known pump assemblies. As each plunger is guided with-
in a separate pump head (i.e. a housing part separate
from the other pump heads), and each tappet is guided
within the main pump housing which is separate from the
pump heads, the guidance bores are much easier to ma-
chine than in an assembly in which the plunger and the
tappet are both guided within the main pump housing.
This may pose another problem as any misalignment or
’tilt’ of the pump heads relative to the main pump housing
can lead to off-axis side loading of the plungers and/or
tappets, resulting in an undesirable degree of wear. With
this in mind, it is a preferable feature of the invention that
the tappets are guided within the main pump housing,
which is that part of the pump assembly carrying and
locating both the drive shaft and the cam rider member.
[0013] A benefit is also provided over other known
pumps in which each tappet is provided with a roller which
co-operates with the outer surface of the cam. The benefit
is achieved as the requirement for individual rollers for
each tappet is avoided by the use of the single cam rider
which drives all three plungers and tappets.
[0014] In use, as the cam is rotated by the drive shaft,
the cam rider is caused to ride over the cam surface. The
flat, or flattened region, of the surface of the cam rider
member co-operates with the base of the tappet with the
result that the tappet is driven axially, radially outward
from the cam shaft, whilst a degree of relative sliding
movement between the rider flat and the tappet occurs
in a lateral direction (as the cam rider is able to slide
relative to the axially guided tappet).
[0015] Preferably, the main pump housing is provided
with an axially extending opening for receiving the drive
shaft. In a three plunger pump, each of first, second and
third radially extending openings communicate, at re-
spective inner ends thereof, with the axially extending
opening in the main pump housing. The cam rider pref-
erable takes the form of a generally tubular member ar-
ranged co-axially with the drive shaft.
[0016] In one embodiment, the main pump housing in-
cludes an insert means which defines a guide path for
the tappet. For example, an insert member may be re-
ceived within the inner end of each of the first, second
and third radially extending openings so that each insert
member defines a guide path for a respective one of the
tappets. The insert member may be of generally cylindri-
cal form such that it takes the form of a sleeve. Preferably,
the plunger bore and the insert member are substantially
co-axially aligned.

[0017] The insert means may alternatively take the
form of a hardened coating e.g. a steel coating. This is
particularly advantageous if the main pump housing is to
be formed from cast iron, which is convenient and rela-
tively light, as the hardness of the steel insert means (e.g.
sleeve member or coating) avoids wear of the main pump
housing.
[0018] Alternatively, an internal surface of the radially
extending opening may define the guide path for the tap-
pet.
[0019] As is described above, each pump head is pro-
vided with an extension which projects into the respective
radially extending opening to define an increased plunger
sealing length. This has the benefit of improving pump
efficiency as losses due to leakage are reduced.
[0020] The pump chamber of each pump unit has an
outlet valve arrangement including a valve member
which is engageable with a valve seating to open and
close communication between the pump chamber and
the common rail, whereby opening movement of the
valve member is limited by means of a stop plug which
defines at least two flow paths for fuel.
[0021] Preferably, the stop plug has an outer surface
provided with at least two axially extending recesses to
define a flow path for high pressure fuel. An outlet valve
of this construction is particularly convenient to manu-
facture.
[0022] The advantageous features of the present in-
vention are applicable not only to a pump assembly hav-
ing three pump units (i.e. three plungers) but also to pump
assemblies having just two pump units. In another pre-
ferred embodiment, therefore, the pump assembly may
include only first and second pump units.
[0023] In other words, the pump assembly may com-
prise a first plunger which is reciprocable within a first
plunger bore provided in a first pump head and co-oper-
able with a first intermediate drive member which is re-
ciprocable within a first radially extending opening pro-
vided in the main pump housing, the pump assembly
further comprising a second plunger which is reciproca-
ble within a second plunger bore provided in a second
pump head and co-operable with a second intermediate
drive member which is reciprocable within a second ra-
dially extending opening provided in the main pump
housing, wherein the first and second pump heads are
received within a respective one of the first and second
radially extending openings, at radially outermost ends
thereof, said openings being located substantially dia-
metrically opposite one another within the main pump
housing.
[0024] The present invention will now be described, by
way of example only, with reference to the accompanying
drawings in which:

Figure 1 is a perspective view of the pump assembly
of the present invention,

Figure 2 is a sectional view, from the rear, of the
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pump assembly in Figure 1,

Figure 3 is a sectional view of a pump head compo-
nent of the pump assembly in Figures 1 and 2, to
show inlet and outlet valves for an associated pump
chamber,

Figure 4 is a schematic view of an alternative plunger
to that shown in Figures 1 to 3, and

Figures 5 and 6 show enlarged views of one type of
outlet valve arrangement for use in the pump assem-
bly of Figures 1 to 3.

[0025] Referring to Figures 1 to 3, a pump assembly
includes a first housing part in the form of a main pump
housing 10 provided with an axially extending opening
17. A cam drive shaft 12 is mounted within, and extends
through, the axially extending opening 17 when the as-
sembly is installed in the engine within which it is to be
used. In the section shown in Figure 2, the central axis
13 of the drive shaft 12 is identified, although the drive
shaft itself is not visible in this view.
[0026] The drive shaft 12 co-operates with a cam ar-
rangement including an eccentrically mounted cam 11.
The main pump housing 10 projects, at its front end, to
accommodate the near full length of the drive shaft 12.
The assembly is closed at its back end by a rear closure
plate (not visible in the drawings) and at its front end by
a front closure plate 15 having three ears or flanges 16,
each provided with a respective opening 14 for receiving
a suitable fixing for mounting the pump assembly to the
engine. The front closure plate 15 has an rearwardly di-
rected nose (not visible) which projects into the main
pump housing 10.
[0027] The main pump housing 10 is typically formed
from cast iron and is provided with first, second and third
radially extending openings or through bores 18a, 18b,
18c respectively, each of which communicates, at a ra-
dially inner end thereof, with the axially extending open-
ing 17 through the housing 10. A radially outer end of
each opening 18a, 18b, 18c receives a pump head, first,
second and third ones of which are identified by numerals
20a, 20b and 20c respectively. Each pump head 20a,
20b, 20c is substantially identical to the others and so
only the first pump head 20a will be described in detail
below.
[0028] The first pump head 20a includes a head portion
22 and a downwardly extending extension 24 (in the ori-
entation shown) which projects into a radially outer end
of the opening 18a in the main pump housing 10. The
extension 24 is provided with a plunger bore 26 within
which a pumping plunger 28 is received. A blind end of
the plunger bore 26 is located within the head portion 22
of the first pump head 20a. The blind end of the plunger
bore 26 defines, together with a radially outer end face
of the plunger 28, a pump chamber 30 to which fuel at
relatively low pressure is delivered and within which pres-

surisation of fuel to a relatively high level suitable for in-
jection takes place as the plunger 28 is driven to perform
a pumping stroke, in use, upon rotation of the drive shaft
12.
[0029] It is one benefit of this arrangement that the ex-
tension 24 of the pump head 22 provides an increased
sealing length for the plunger bore 26, which tends to
reduce high pressure fuel leakage from the chamber 30.
[0030] A radially inner end of the radially extending
opening 18a receives an intermediate drive member for
the plunger 28 in the form of a tappet 34. The tappet is
of U-shaped or channelled cross section, having first and
second opposing sidewalls interconnected by a tappet
base. Because of its construction, the tappet may be re-
ferred to as a "bucket tappet". The tappet 34 locates with-
in a radially inner end of the opening 18a so that an in-
ternal surface of the opening 18a serves to guide axial
movement of the tappet 34, in use. It is therefore the main
pump housing 10 which defines the guide surface for
axial tappet motion and which constrains lateral tappet
motion across the cam rider 38.
[0031] The bucket tappet 34 is coupled to the plunger
28 by means of a circlip 29, as shown in Figure 3. In
practice, other coupling means may be provided for con-
necting the tappet 34 and the plunger 28 together, pro-
viding that the coupling is such that motion of one (e.g.
the tappet) results in motion of the other (e.g. the plunger)
during at least a part of the plunger’s stroke. For example,
the tappet 34 and the plunger 28 may be coupled together
so that a degree of relative movement between them,
along the main plunger axis, is permitted.
[0032] The upper surface of the tappet base is provided
with recess for locating one end of a plunger return spring
36. The spring 36 is mounted concentrically with both the
plunger 28 and the extension 24 and occupies a clear-
ance region or chamber defined between the internal sur-
face of the opening 18a and the extension 24. The other
end of the plunger return spring 36 abuts the head portion
22 of the first pump head 20a so that the spring 36 serves
to apply a return biasing force to the plunger 28, and
hence to the tappet 34, to drive a plunger return stroke.
[0033] The drive shaft 12 co-operates with the cam 11
which, in turn, is co-operable with a generally tubular cam
rider member 38 which extends co-axially with the shaft
12. On its outer surface the cam rider 38 is provided with
first, second and third flattened surfaces 38a, 38b, 38c,
referred to as flats. Each one of the flats 38a, 38b, 38c
co-operates with the base surface of the tappet 34 for a
respective one of the plungers 28. For example, the tap-
pet 34 for the plunger 28 of the first pump head 20a co-
operates with the first flat 38a on the cam rider 38. As
the tappet 34 is coupled to the plunger 28, rotation of the
shaft 12 causes the cam rider 38 to ride over the surface
of the cam 11, thereby imparting drive to both the tappet
34 and the plunger 28. As the tappet 34 is driven, a degree
of lateral sliding movement is permitted between the low-
er surface of the tappet base and the first flat 38a of the
rider 38 as the cam rider 38 is able to translate relative
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to the axially guided tappet 34. A lubricating fluid, such
as fuel, is provided between these sliding surfaces to limit
wear due to friction.
[0034] As the cam 11 is driven, the tappet 34 is caused
to reciprocate within the opening 18a and the plunger 28
is caused to reciprocate within the plunger bore 26. The
tappet 34 and the pumping plunger 28 are therefore driv-
en together causing the plunger 28 to perform a pumping
cycle including a pumping stroke, during which the tappet
34 and the plunger 28 are driven radially outward from
the shaft (i.e. for the first pump head 20a, vertically up-
wards in Figures 1 to 3) to reduce the volume of the pump
chamber 30. During this pumping stroke the pumping
plunger 28 is driven inwardly within its plunger bore 26
and fuel within the pump chamber 30 is pressurised to a
relatively high level in a manner which would be familiar
to those skilled in this technology field.
[0035] During a subsequent plunger return stroke, the
tappet 34 and the plunger 28 are urged in a radially inward
direction (i.e. for the first pump head 20a, vertically down-
wards in Figures 1 to 3) to increase the volume of the
pump chamber 30. During the return stroke of the plunger
28 and its tappet 34, the plunger 28 is urged outwardly
from the plunger bore 26 and fuel at relatively low pres-
sure fills the associated pump chamber 30.
[0036] The provision of the plunger return spring 36
serves to urge the plunger 28 to perform its return stroke
and additionally ensures contact is maintained between
the tappet 34 and the flat 38a of the rider 38 at all times
throughout the pumping cycle.
[0037] The tappet 34 and the plunger 28 perform cy-
clical sinusoidal motion and are driven at a maximum
frequency of about 120 Hz. The tappet 34 typically has
a range of travel, between bottom-dead-centre and top-
dead-centre, of around 10 millimetres.
[0038] It is a particular feature of the pump assembly
of the present invention that plunger movement is guided
by the pump head 18a (i.e. within the plunger bore 26),
whereas tappet moment is guided by the main pump
housing 10 (i.e. within the radially extending opening
18a). The side walls of the tappet 34 have outer surfaces
of generally cylindrical form, and it is these outer surfaces
which cooperate with a substantially cylindrical internal
surface of the opening 18a such that motion of the tappet
34 is guided as it reciprocates. By guiding movement of
the plunger 28 within a separate part of the pump (i.e.
pump head 18a) to the main pump housing 10 which
guides the tappet, a manufacturing advantage is
achieved as alignment between the openings 18a, 18b,
18c and the plunger bores (e.g. 28) is much easier to
achieve.
[0039] Problems of tilt between the pump heads 18a,
18b, 18c and the main pump housing 10 are avoided as
the guide surface for the tappet 34 is defined by the same
housing (i.e. the main pump housing) which supports and
locates the drive shaft 12 and the cam rider 38. Tilt prob-
lems may otherwise arise, for example, if surface to sur-
face contact between the head portion 22 of the pump

head and the main pump housing 10 is not exactly flat.
[0040] The main pump housing 10 is machined so as
to minimise geometric deviations which would affect the
ability of the flat ’sliding’ surface of the tappet base to be
properly in contact with the corresponding flat 38a on the
cam rider 38. Deviations possibly arise due to the need
for accurate perpendicularity between the axis of the
opening 18a, 18b, 18c and that of the shaft bearing in-
stallations, and the angular spacing of the openings 18a,
18b, 18c in their common plane at right angles to the
shaft axis. The main pump housing 10 also supports the
shaft bearings as precisely as is practical. The rear bear-
ing is fitted directly into the main housing 10, while the
front bearing is in the front closure plate 15. The main
pump housing 10 locates the front closure plate 15 so
that the front and rear bearings are substantially concen-
tric. All the relevant features (e.g. the radially extending
openings 18a, 18b, 18c, the bore in the front closure plate
15 for the front bearing, the diameter of the inner nose
of the front closure plate 15) are all machined precisely,
both in size and relative position. Having the critical fea-
tures mostly in a single part (i.e. the main pump housing
10) enables errors to be minimised by machining depend-
ent features so that the predominant feature is used as
a datum or reference. In this case, the reference is the
bore for the rear bearing in the main pump housing 10.
This is helped further by minimising the number of times
that the main pump housing 10 needs to be mounted in
a machine tool during manufacture (preferably only
once).
[0041] It is another feature of the tappet 34 in the
present invention that windows or sidewall openings 35
are formed in the sidewalls to provide a means for allow-
ing fuel to flow into and out of the clearance region, or
chamber, defined within the opening 18a. As the tappet
34 and plunger 28 are driven through the pumping stroke,
fuel is dispelled from the clearance region through the
windows 35. As the tappet 34 and plunger 28 perform
the return stroke, fuel is drawn into the clearance region
through the windows 35.
[0042] Figure 4 shows an alternative plunger 128 to
that shown in Figures 1 to 3. In Figure 4, the plunger 128
is formed in two parts; a main plunger body 128a and a
plunger base 128b. The plunger base 128b forms an in-
terference fit with the lower end of the plunger body 128a
and defines a platform for a washer (not shown) or other
abutment piece against which the plunger return spring
sits. The two-part construction of the plunger 128 is ben-
eficial as machining of the uniform diameter plunger body
128a is relatively easy to achieve and material wastage
during machining is minimised.
[0043] Referring again to Figures 1 to 3, the pump as-
sembly is further provided with an inlet metering valve
37 (as shown in Figure 2, but not visible in Figures 1 and
3) which supplies fuel at relatively low pressure, typically
"transfer pressure", to each of the pump chambers 30.
Inlet and outlet valve arrangements 40, 42 are provided
for each pump chamber 30. The inlet and outlet valves
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40, 42 for the first pump head 20a are visible in the section
shown in Figure 3 and the inlet valve 40 of the first pump
head 20a is also visible in the section view of Figure 2
(due to the position of the plunger 28). The inlet and outlet
valves 40, 42 are located one on either side of the pump
chamber 30 as this is beneficial in terms of pump size.
Both the inlet and outlet valves 40, 42 therefore locate
within fuel passages defined within the pump head 20a
and, thus, within the same housing part of the pump as-
sembly which guides tappet movement.
[0044] The outlet valve 40 may take the form of a ball
valve including a ball 41 which is engageable with a valve
seating (not identified) to control whether fuel is delivered
from the pump chamber 30 to a delivery passage 43 and,
hence, to the common rail. The ball 41 is movable under
hydraulic forces in dependence upon the pressure differ-
ential across it.
[0045] The inlet metering valve 37 and the pump cham-
ber inlet valve 40 control the supply of low pressure fuel
delivery into the pump chamber 30. Primarily, it is the
inlet metering valve 37 that controls the quantity of fuel
delivered during each filing stage. Delivery of pressurised
fuel out of the pump chamber 30 to the delivery passage
43 (as shown in Figure 3) and, hence, to the downstream
common rail or accumulator volume, is controlled by the
pump chamber outlet valve 42, as described previously.
[0046] Pressurisation of fuel within the pump chamber
30 occurs during the pumping stroke of the associated
plunger, during the period for which both the inlet and
outlet valves 40, 42 are closed. When fuel within the
chamber 30 is pressurised to a level that is sufficient to
open the outlet valve 42, pressurised fuel is supplied
through the delivery passage 43 to the common rail. Typ-
ically, the pressure of fuel supplied through the outlet
valve is in the range of between 1500 and 2000 bar.
[0047] During the return stroke of the plunger 28, fuel
pressure downstream of the pump chamber 30 is higher
than that within the pump chamber 30 and the outlet valve
is urged closed. During the period of the return stroke for
which the inlet valve 40 is urged open, fuel at relatively
low pressure is supplied to the pump chamber 30 ready
for commencement of the following pumping stroke. This
cycle of pumping is described in further detail in the afore-
mentioned patent applications, and in any case would be
familiar to those skilled in this field.
[0048] The outlet valve arrangement 40 shown in Fig-
ure 3 may alternatively be of the form shown in Figures
5 and 6, in which the ball 41 is engageable with a valve
seating 47 to control the flow of fuel between the pump
chamber 30 and the common rail. The ball 41 is co-op-
erable with an insert member or stop plug 46 which is
received within the delivery passage 43 to limit the extent
of opening movement of the ball 41. A compressible met-
al sealing washer 48 is located within an enlarged region
of the passage 43 to provide a high pressure seal.
[0049] The outer surface of the stop plug 46 is provided
with four axially extending recesses, grooves or flutes
48, each of which defines, together with the internal sur-

face of the delivery passage 43, a path for high pressure
fuel flow to the common rail when the outlet valve 40 is
open. The provision of the recesses 48 means that the
stop plug 46 is generally of cruciform-like construction
having two mutually orthogonal arms arranged in a cross-
like configuration. The recesses 48 are equi-angularly
spaced around the stop plug circumference to define four
separate flow paths for high pressure fuel. A lower end
of the stop plug 46 is tapered, or rounded, to define a
smaller cross section than the upper portion of the stop
plug 46. The outlet valve design in Figures 5 and 6 pro-
vides the benefit that the area for high pressure fuel flow
through the open valve 40 is relatively large, without there
being a requirement to provide drillings through a stop
piece to define said flow paths, as is known in the art.
[0050] Examples of other inlet and outlet valves 40, 42
which may be used in the pump assembly can be found
in our co-pending European patent application EP
1184568 A and British patent application GB 2384529 A.
[0051] The pump assembly of the present invention is
intended for use with a low pressure fuel pump, such as
a transfer pump 44. The transfer pump 44 is mounted at
the rear of the pump assembly for supplying fuel through
the inlet metering valve and the inlet valves to their re-
spective pump chambers 30. It is convenient to mount
the transfer pump 44 upon the closure plate of the main
pump housing 10, and to drive the transfer pump by
means of a shaft extension in connection with the drive
shaft 12.
[0052] In a further alternative embodiment of the pump
assembly (not shown), the main pump housing 10 is pro-
vided with an insert means within each of its radially ex-
tending openings 18a, 18b, 18c. The insert means may
take the form of an insert member or sleeve of substan-
tially cylindrical form which locates within its respective
opening 18a, 18b, 18c, at its radially innermost end, so
as to be substantially co-axially aligned with the plunger
bore 26 and such that an end region of the extension 24
projects part way into the sleeve. A sleeve for guiding a
tappet in a pump generally of the type described here is
found in our co-pending patent application, GB
0308107.2. The sleeve defines the axial guide surface
for the tappet 34, instead of the internal surface of the
opening 18a directly. This may provide the advantage
that wear of the main pump housing 10 due to side loading
of the tappets, is reduced. For this reason the require-
ment to form the main pump housing 10 from a hardened
material, such as cast iron, is avoided, and only the
sleeve need be formed so as to sustain the loading. Typ-
ically, for example, the sleeve may be formed from hard-
ened steel.
[0053] Alternatively, the insert means may be provided
by a steel coating which is applied to the internal surfaces
of the openings 18a, 18b, 18c.
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Claims

1. A pump assembly for use in delivering fuel to a com-
mon rail of an internal combustion engine, the pump
assembly comprising:

a pumping plunger (28; 128), an intermediate
drive member (34) and an engine-driven cam
(11), wherein the pumping plunger (28; 128) is
co-operable with the intermediate drive member
(34), and the intermediate drive member (34) is
further co-operable with the engine-drive cam
(11), in use, so as to impart drive to the pumping
plunger (28; 128),
a cam rider member (38) having an inner surface
which is co-operable with the cam (11) and an
outer surface which is co-operable with the in-
termediate drive member (34),
a main pump housing (10) provided with a radi-
ally extending opening (18a) within which is re-
ceived, at a first end thereof, a separate pump
head (20a) and, at a second end thereof, the
intermediate drive member (34) so that the main
pump housing (10) serves to guide movement
of the intermediate drive member (34), in use,
characterised in that the separate pump head
(20a) is an integral unit having a head portion
and an extension (24) which projects into the
radially extending opening (18a, 18b, 18c) and
which defines a plunger bore (26), which serves
to guide movement of the pumping plunger (28;
128), the extension providing an increased seal-
ing length for the pumping plunger, and wherein
the head portion defines a blind end of the plung-
er bore which, together with a radially outer face
of the pumping plunger (28; 128), defines a
pump chamber (30) in which fuel is pressurised
as the pumping plunger (28; 128) is driven.

2. The pump assembly as claimed in claim 1, wherein
the main pump housing (10) is provided with an ax-
ially extending opening (17) for receiving an engine
drive shaft (12), in use, and wherein an innermost
end of the radially extending opening (18a) opens
into the axially extending opening (17).

3. The pump assembly as claimed in claim 1 or claim
2, the pump assembly comprising first, second and
third pump units (20a, 20b, 20c) equi-angularly
spaced around the cam (11), each of the first, second
and third pump units (20a, 20b, 20c) including a
pumping plunger (28) and an intermediate drive
member (34) which is received within a respective
one of a first, second or third radially extending open-
ing (18a, 18b, 18c) provided in the main pump hous-
ing (10).

4. The pump assembly as claimed in claim 1 or claim

2, the pump assembly comprising first and second
pump units (20a, 20b) only, each of the first and sec-
ond pump units including a pumping plunger (28)
and an intermediate drive member (34) which is re-
ceived within a respective one of a first or second
radially extending opening provided in the main
pump housing (10), the first and second radially ex-
tending openings being arranged substantially dia-
metrically opposite one another.

5. The pump assembly as claimed in any one of claims
1 to 4, wherein the intermediate drive member takes
the form of a tappet (34) having opposed tappet side-
walls and a tappet base, wherein the tappet side
walls are guided within the radially extending open-
ing (18a) in the main pump housing (10) and the
tappet base co-operates with a flat (38a) on the outer
surface of the cam rider member (38).

6. The pump assembly as claimed in claim 5, further
comprising means (35) for allowing fuel to be dis-
placed from, and supplied to, the radially extending
opening (18a) in the main pump housing (10) as the
tappet (34) reciprocates, in use.

7. The pump assembly as claimed in claim 6, wherein
said means for allowing fuel to be displaced from,
and supplied to, the radially extending opening (18a)
includes a sidewall opening (35) provided in the tap-
pet sidewall.

8. The pump assembly as claimed in any one of claims
1 to 7, wherein the main pump housing (10) includes
an insert means which defines a guide path for the
intermediate drive member (34).

9. The pump assembly as claimed in claim 8, wherein
the insert means is one of an insert sleeve of gen-
erally cylindrical form or a coating applied to an in-
ternal surface of the opening (18a, 18b, 18c).

10. The pump assembly as claimed in claim 9, wherein
the plunger bore and the insert member are substan-
tially co-axially aligned.

11. The pump assembly as claimed in any one of claims
1 to 7, wherein an internal surface of the radially ex-
tending opening (18a, 18b, 18c) defines the guide
path for the intermediate drive member (34).

12. The pump assembly as claimed in any one of claims
1 to 11, wherein the pump chamber (30) has an outlet
valve arrangement including a valve member (41)
which is engageable with a valve seating (47) to open
and close communication between the pump cham-
ber (30) and the common rail, wherein opening
movement of the valve member (41) is limited by
means of a stop plug (46) which defines, at least in
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part, at least two flow paths for fuel.

13. The pump assembly as claimed in claim 12, wherein
the stop plug (46) has an outer surface provided with
at least two axially extending recesses to define a
flow path for high pressure fuel.

14. The pump assembly as claimed in claim 13, wherein
the stop plug (46) has an outer surface provided with
four axially extending recesses, equi-angularly
spaced around the outer surface of the stop plug, to
define four separate flow paths for high pressure fuel.

Patentansprüche

1. Pumpenanordnung zur Verwendung bei der Förde-
rung von Kraftstoff zu einem gemeinsamen Ver-
teilerrohr einer Brennkraftmaschine, wobei die Pum-
penanordnung Folgendes aufweist:

einen pumpenden Plunger (28; 128), ein Zwi-
schenantriebselement (34) und einen von der
Maschine angetriebenen Nocken (11), wobei
der pumpende Plunger (28; 128) mit dem Zwi-
schenantriebselement (34) zusammenwirken
kann und das Zwischenantriebselement (34)
ferner im Gebrauch mit dem von der Maschine
angetriebenen Nocken (11) zusammenwirken
kann, um dem pumpenden Plunger (28; 128)
Antrieb zu verleihen,
einen Nockenreiter (38) mit einer Innenfläche,
die mit dem Nocken (11) zusammenwirken
kann, und einer Außenfläche, die mit dem Zwi-
schenantriebselement (34) zusammenwirken
kann,
ein Hauptpumpengehäuse (10), das mit einer
radial verlaufenden Öffnung (18a) versehen ist,
in der an einem ersten Ende davon ein separater
Pumpenkopf (20a) und an einem zweiten Ende
davon das Zwischenantriebselement (34) auf-
genommen ist, so dass das Hauptpumpenge-
häuse (10) im Gebrauch zur Führung der Bewe-
gung des Zwischenantriebselements (34) dient,
dadurch gekennzeichnet, dass der separate
Pumpenkopf (20a) eine einstückige Einheit mit
einem Kopfteil und einer Verlängerung (24) ist,
die in die radial verlaufende Öffnung (18a, 18b,
18c) hinein ragt und die eine Plungerbohrung
(26) definiert, die zur Führung der Bewegung
des pumpenden Plungers (28; 128) dient, wobei
die Verlängerung eine größere Abdichtlänge für
den pumpenden Plunger bereitstellt, und wobei
der Kopfteil ein blindes Ende der Plungerboh-
rung definiert, das zusammen mit einer radial
äußeren Seitenfläche des pumpenden Plungers
(28; 128) eine Pumpenkammer (30) definiert, in
der Kraftstoff unter Druck gesetzt wird, während

der pumpende Plunger (28; 128) angetrieben
wird.

2. Pumpenanordnung nach Anspruch 1, wobei das
Hauptpumpengehäuse (10) mit einer axial verlau-
fenden Öffnung (17) zur Aufnahme einer Maschi-
nenantriebswelle (12) im Gebrauch versehen ist und
wobei ein innerstes Ende der radial verlaufenden
Öffnung (18a) in die axial verlaufende Öffnung (17)
mündet.

3. Pumpenanordnung nach Anspruch 1 oder Anspruch
2, wobei die Pumpenanordnung eine erste, eine
zweite und eine dritte Pumpeneinheit (20a, 20b, 20c)
aufweist, die gleichwinklig voneinander beabstandet
um den Nocken (11) angeordnet sind, wobei die ers-
te, zweite und dritte Pumpeneinheit (20a, 20b, 20c)
jeweils einen pumpenden Plunger (28) und ein Zwi-
schenantriebselement (34), das in einer jeweiligen
im Hauptpumpengehäuse (10) bereitgestellten ers-
ten, zweiten bzw. dritten radial verlaufenden Öffnung
(18a, 18b, 18c) aufgenommen ist, beinhalten.

4. Pumpenanordnung nach Anspruch 1 oder Anspruch
2, wobei die Pumpenanordnung nur eine erste und
eine zweite Pumpeneinheit (20a, 20b) aufweist, wo-
bei die erste und die zweite Pumpeneinheit jeweils
einen pumpenden Plunger (28) und ein Zwischen-
antriebselement (34), das in einer jeweiligen im
Hauptpumpengehäuse (10) bereitgestellten ersten
bzw. zweiten radial verlaufenden Öffnung aufge-
nommen ist, beinhalten, wobei die erste und die
zweite radial verlaufende Öffnung einander im We-
sentlichen diametral entgegengesetzt angeordnet
sind.

5. Pumpenanordnung nach einem der Ansprüche 1 bis
4, wobei das Zwischenantriebselement die Form ei-
nes Stößels (34) hat, der einander gegenüberliegen-
de Stößelseitenwände und einen Stößelboden hat,
wobei die Stößelseitenwände in der radial verlaufen-
den Öffnung (18a) im Hauptpumpengehäuse (10)
geführt werden und der Stößelboden mit einer Flach-
stelle (38a) an der Außenfläche des Nockenreitere-
lements (38) zusammenwirkt.

6. Pumpenanordnung nach Anspruch 5, die ferner ein
Mittel (35) zum Verdrängen- und Zuführenlassen
von Kraftstoff aus bzw. zu der radial verlaufenden
Öffnung (18a) im Hauptpumpengehäuse (10) im Ge-
brauch beim Hin- und Hergehen des Stößels auf-
weist.

7. Pumpenanordnung nach Anspruch 6, wobei das ge-
nannte Mittel (35) zum Verdrängen- und Zuführen-
lassen von Kraftstoff aus bzw. zu der radial verlau-
fenden Öffnung (18a) eine in der Stößelseitenwand
bereitgestellte Seitenwandöffnung (35) aufweist.
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8. Pumpenanordnung nach einem der Ansprüche 1 bis
7, wobei das Hauptpumpengehäuse (10) ein Ein-
satzmittel beinhaltet, das einen Führungsweg für
das Zwischenantriebselement (34) definiert.

9. Pumpenanordnung nach Anspruch 8, wobei das
Einsatzmittel eine Einsatzhülse allgemein zylindri-
scher Form oder eine auf eine Innenfläche der Öff-
nung (18a, 18b, 18c) aufgebrachte Beschichtung ist.

10. Pumpenanordnung nach Anspruch 9, wobei die
Plungerbohrung und das Einsatzelement im We-
sentlichen koaxial miteinander fluchten.

11. Pumpenanordnung nach einem der Ansprüche 1 bis
7, wobei eine Innenfläche der radial verlaufenden
Öffnung (18a, 18b, 18c) den Führungsweg für das
Zwischenantriebselement (34) definiert.

12. Pumpenanordnung nach einem der Ansprüche 1 bis
11, wobei die Pumpenkammer (30) eine Auslass-
ventilanordnung hat, die ein Ventilelement (41) be-
inhaltet, das mit einem Ventilsitz (47) in Eingriff ge-
bracht werden kann, um die Verbindung zwischen
der Pumpenkammer (30) und dem gemeinsamen
Verteilerrohr zu öffnen und zu schließen, wobei die
Öffnungsbewegung des Ventilelements (41) mithilfe
eines Anschlagstopfens (46) begrenzt wird, der we-
nigstens teilweise wenigstens zwei Strömungswege
für Kraftstoff definiert.

13. Pumpenanordnung nach Anspruch 12, wobei der
Anschlagstopfen (46) eine Außenfläche hat, die mit
wenigstens zwei axial verlaufenden Aussparungen
zum Definieren eines Strömungswegs für Hoch-
druckkraftstoff versehen ist.

14. Pumpenanordnung nach Anspruch 13, wobei der
Anschlagstopfen (46) eine Außenfläche hat, die mit
vier axial verlaufenden Aussparungen versehen ist,
die zum Definieren von vier separaten Strömungs-
wegen für Hochdruckkraftstoff gleichwinklig vonein-
ander beabstandet um die Außenfläche des An-
schlagstopfens angeordnet sind.

Revendications

1. Ensemble formant pompe à utiliser dans la distribu-
tion de carburant à une rampe commune d’un moteur
à combustion interne, l’ensemble formant pompe
comprenant :

un plongeur de pompage (28 ; 128), un élément
d’entraînement intermédiaire (34) et une came
(11) entraînée par moteur, dans lequel le plon-
geur de pompage (28 ; 128) est capable de coo-
pérer avec l’élément d’entraînement intermé-

diaire (34), et l’élément d’entraînement intermé-
diaire (34) est en outre capable de coopérer
avec la came entraînée par moteur (11) en uti-
lisation, de manière à imposer un entraînement
au plongeur de pompage (28 ; 128),
un élément suiveur de came (38) ayant une sur-
face intérieure capable de coopérer avec la ca-
me (11) et une surface extérieure capable de
coopérer avec l’élément d’entraînement inter-
médiaire (34),
un boîtier de pompe principal (10) pourvu d’une
ouverture (18a) s’étendant radialement et dans
laquelle est reçu(e), à une première extrémité
de celle-ci, une tête de pompe séparée (20a) et,
à sa seconde extrémité, l’élément d’entraîne-
ment intermédiaire (34), de sorte que le boîtier
de pompe principal (10) sert à guider le mouve-
ment de l’élément d’entraînement intermédiaire
(34) en utilisation,
caractérisé en ce que la tête de pompe sépa-
rée (20a) est une unité intégrale ayant une por-
tion de tête et une extension (24) qui se projette
dans l’ouverture s’étendant radialement (18a,
18b, 18c) et qui définit un perçage de plongeur
(26), qui sert à guider le mouvement du plongeur
de pompage (28 ; 128), l’extension présentant
une longueur d’étanchement augmentée pour
le plongeur de pompage, et dans lequel la por-
tion de tête définit une extrémité borgne du per-
çage de plongeur qui, ensemble avec une face
radialement extérieure du plongeur de pompage
(28 ; 128), définit une chambre de pompe (30)
dans laquelle du carburant est mis sous pres-
sion lorsque le plongeur de pompage (28 ; 128)
est entraîné.

2. Ensemble formant pompe selon la revendication 1,
dans lequel le boîtier de pompe principal (10) est
doté d’une ouverture s’étendant axialement (17)
pour recevoir un arbre d’entraînement moteur (12)
en utilisation, et dans lequel une extrémité tout à fait
intérieure de l’ouverture s’étendant radialement
(18a) s’ouvre dans l’ouverture s’étendant axialement
(17).

3. Ensemble formant pompe selon la revendication 1
ou 2, ledit ensemble formant pompe comprenant une
première, une seconde et une troisième unité de
pompe (20a, 20b, 20c) espacées à des angles égaux
autour de la came (11), chacune de la première, de
la seconde et de la troisième unité de pompe (20a,
20b, 20c) incluant un plongeur de pompage (28) et
un élément d’entraînement intermédiaire (34) qui est
reçu dans une ouverture respective parmi une pre-
mière, une seconde ou une troisième ouverture
s’étendant radialement (18a, 18b, 18c) ménagées
dans le boîtier de pompe principal (10).

15 16 



EP 1 629 191 B1

10

5

10

15

20

25

30

35

40

45

50

55

4. Ensemble formant pompe selon la revendication 1
ou 2, l’ensemble formant pompe comprenant une
première et une seconde unité de pompe (20a, 20b)
seulement, chacune de la première et de la seconde
unité de pompe incluant un plongeur de pompage
(28) et un élément d’entraînement intermédiaire (34)
qui est reçu dans une ouverture respective parmi
une première ou une seconde ouverture s’étendant
radialement ménagées dans le boîtier de pompe
principal (10), la première et la seconde ouverture
s’étendant radialement étant agencées sensible-
ment diamétralement à l’opposé l’une de l’autre

5. Ensemble formant pompe selon l’une quelconque
des revendications 1 à 4, dans lequel l’élément d’en-
traînement intermédiaire adopte la forme d’un pous-
soir (34) ayant des parois latérales de poussoir op-
posées et une base de poussoir, dans lequel les pa-
rois latérales du poussoir sont guidées dans l’ouver-
ture s’étendant radialement (18a) dans le boîtier de
pompe principal (10) et la base du poussoir coopère
avec un méplat (38a) sur la surface extérieure de
l’élément suiveur de came (38).

6. Ensemble formant pompe selon la revendication 5,
comprenant en outre des moyens (35) pour permet-
tre au carburant d’être déplacé depuis et alimenté
vers l’ouverture s’étendant radialement (18a) dans
le boîtier de pompe principal (10) lorsque le poussoir
(34) est en va-et-vient, en utilisation.

7. Ensemble formant pompe selon la revendication 6,
dans lequel lesdits moyens pour permettre au car-
burant d’être déplacé depuis et alimenté vers l’ouver-
ture s’étendant radialement (18a) incluent une
ouverture (35) ménagée dans la paroi latérale du
poussoir.

8. Ensemble formant pompe selon l’une quelconque
des revendications 1 à 7, dans lequel le boîtier de
pompe principal (10) inclut un moyen d’insertion qui
définit un trajet de guidage pour l’élément d’entraî-
nement intermédiaire (34).

9. Ensemble formant pompe selon la revendication 8,
dans lequel le moyen d’insertion est soit un manchon
d’insertion de forme généralement cylindrique soit
un revêtement appliqué sur une surface interne de
l’ouverture (18a, 18b, 18c).

10. Ensemble formant pompe selon la revendication 9,
dans lequel le perçage de plongeur et l’élément d’in-
sertion sont alignés sensiblement coaxialement.

11. Ensemble formant pompe selon l’une quelconque
des revendications 1 à 7, dans lequel une surface
interne de l’ouverture s’étendant radialement (18a,
18b, 18c) définit le trajet de guidage pour l’élément

d’entraînement intermédiaire (34).

12. Ensemble formant pompe selon l’une quelconque
des revendications 1 à 11, dans lequel la chambre
de pompe (30) comprend un agencement de valve
de sortie incluant un élément de valve (41) qui peut
être engagé avec un siège de valve (47) pour ouvrir
et fermer une communication entre la chambre de
pompe (30) et la rampe commune, dans lequel le
mouvement d’ouverture de l’élément de valve (41)
est limité au moyen d’un bouchon d’arrêt (46) qui
définit au moins en partie au moins deux trajets
d’écoulement pour le carburant.

13. Ensemble formant pompe selon la revendication 12,
dans lequel le bouchon d’arrêt (46) a une surface
extérieure dotée d’au moins deux évidements
s’étendant axialement pour définir un trajet d’écou-
lement pour le carburant sous haute pression.

14. Ensemble forme en pompe selon la revendication
13, dans lequel le bouchon d’arrêt (46) a une surface
extérieure dotée de quatre évidements s’étendant
axialement, espacés à angles égaux autour de la
surface extérieure du bouchon d’arrêt, pour définir
quatre trajets d’écoulement séparés pour le carbu-
rant sous haute pression.
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