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Description
BACKGROUND
Technical Field

[0001] The present invention relates generally to the
field of high pressure fuel pumps. More particularly, but
not exclusively, the present invention concerns an im-
proved drive assembly for a high pressure fuel pump.

Description of the Related Art

[0002] Thereisacontinuous demand for high pressure
fuel pumps to operate with greater fuel efficiency and yet
remain efficient to package within an engine.

[0003] A conventional fuel pump assembly comprises
both a low pressure transfer pump and a high pressure
pump. The low pressure pump is responsible for trans-
ferring fuel from a fuel tank to the fuel pump assembly,
whilst the high pressure pump elevates the fuel pressure
for distribution to the rail or actuator volume. The rail dis-
tributes the fuel under continued high pressure to fuel
injectors, which in turn delivers atomised fuel spray to
the combustion chamber of the engine as described in
JP2008184953 A.

[0004] High pressure fuel pumps are often of a slipper
tappet design in which the drive assembly comprises a
cam that is driven around an eccentric rotational path by
a drive shaft. The cam carries a rider therearound, also
driven around the same eccentric rotational path. The
rider comprises a flat surface, which cooperates with a
corresponding flat surface of a tappet. When the rider is
driven around the rotational path, the flat surface remains
in the same orientation whilst rising and falling generally
following a pumping axis. The movement of the flat sur-
face of the rider along the pumping axis guides the tappet
in linear movement along the same pumping axis, such
that as the rider flat surface rises in the direction of the
tappet it pushes the tappet along the pumping axis, whilst
sliding along the tappet flat surface until it reaches its
highest point. Continuing along its path, the rider flat sur-
face begins to fall and the tappet follows, until the rider
flat surface reaches its lowest point. The cycle is repeat-
ed. Therising and falling of the tappet along the pumping
axis translates into linear reciprocal movement of a
pumping plunger within a pumping head.

[0005] A known dual-head slipper tappet arrangement
exists where a drive assembly effects plunger movement
of two separate pumping heads. The arrangement is
known as a tower block arrangement, which comprises
opposing pumping heads stacked at 180° to one another
with the drive assembly between. In this case, the rider
has a second flat surface opposite the first to cooperate
with a second tappet to drive a second pumping plunger
within a second pumping head.

[0006] However, the dual-head tower block arrange-
ment is space inefficient and is difficult to package within
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a fuel pump assembly. This is an increasing problem
since engine technology favours more compact engine
components.

[0007] Therefore, one significantarea forimprovement
is the packaging efficiency of the dual head fuel pump
assembly and in particular the arrangement of the drive
assembly and dual pumping heads within a high pressure
fuel pump.

[0008] Within the roller-cam pump market, a V-head
arrangement has been developed in which the dual
pumping heads are organised at 90° to one another.
However, this brings with it issues of increased load on
the support bearings of the drive shaft and in addressing
those issues, problems with the proportions and assem-
bly of both the drive shaft bearings and the rider.
[0009] Itisan object of the presentinvention to address
one or more of the problems of known designs, particu-
larly, but not exclusively for dual pumping head high pres-
sure pumps.

[0010] Therefore, it is now desired to provide an im-
proved drive assembly for a high pressure fuel pump that
is capable of withstanding higher loads without compro-
mising ease of assembly.

[0011] Inparticular,itis desired to provide a dual pump-
ing head V-arrangement for slipper tappet pumps, which
also provides effective packaging options and is space-
efficient.

SUMMARY OF THE INVENTION

[0012] In a first aspect of the present invention there
is provided a high pressure fuel pump as claimed in claim
1, comprising at least one pumping head and an im-
proved drive assembly, the drive assembly comprising a
drive means and a drive shaft comprising a rider journal
adjoined to a rear bearing, the journal and the bearing
comprising offset axes relative to one another, a rider
fitted on said drive shaft to effect movement of the rider
along an eccentric rotational path, the rider comprising
abody with an open-ended aperture therethrough, a load
section the circumference of the aperture and an idle
section disposed around a second portion of the circum-
ference of the aperture, and wherein the load section of
the rider comprises at least one outwardly facing flat sur-
face for cooperation with a tappet, wherein the drive shaft
comprises an enlarged rear bearing with areduced-depth
section at a bearing-journal junction, and the idle section
of the rider comprises a reduced-width portion.

[0013] By ’enlarged rear bearing’ what is meant is an
increase in the diameter of the rear bearing up to and
including the diameter of the rider journal, whilst retaining
the offset axes.

[0014] By 'reduced-depth section’ what is meant is a
reduction in the diameter of the enlarged rear bearing
immediately adjacent the bearing-journal junction.
[0015] By 'reduced-width portion’ what is meant is a
reduction in the width of the body forming part of the idle
section relative to the load section.
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[0016] With this arrangement, the enlarged rear bear-
ing provides strength and durability to the drive shaft to
cope with a higher load capacity, which may be required
as a result of, for example, two pumping heads in a V-
arrangement, whereas the reduced-depth section of the
enlarged rear bearing facilitates the transition of the rider
from the rear bearing to the rider journal. In addition, the
reduced-width portion of the idle section of the rider min-
imises the need for an increase in the rear overall shaft
length. Accordingly, despite the larger rear bearing, the
adaptations to the drive assembly effect easy construc-
tion and a more compact arrangement for the optional
two pumping heads within the high pressure fuel pump.
[0017] The offset axes and the enlarged rear bearing
create a bearing overhang and a journal overhang at the
bearing-journal junction. Preferably, the overhangs are
arranged at diametrically-opposite sides of a bearing-
journal overlapping area. Preferably therefore, a diame-
ter of the aperture of the rider is shorter than a maximum
dimension incorporating the overlapping area and the
overhangs (between a bottom of the enlarged rear bear-
ing and a top of the rider journal).

[0018] Preferably, each overhang comprises an ex-
posed crescent-shaped face. The overhangs may vary
in depth, or may be equal in depth.

[0019] Preferably, each overhang comprises an ex-
posed crescent-shaped face. The overhangs may vary
in depth, or may be equal in depth.

[0020] Preferably, the reduced-depth section of the en-
larged rear bearing negates (removes) at least a portion
of the bearing overhang. Preferably, the reduced-depth
section of the enlarged rear bearing negates (removes)
substantially all of the bearing overhang.

[0021] Preferably, the reduced-depth section of the en-
larged rear bearing comprises a removed segment of the
enlarged rear bearing. Most preferably, the reduced-
depth section of the enlarged rear bearing comprises a
removed crescent-shaped segment of the enlarged rear
bearing.

[0022] Preferablytherefore, the reduced-depth section
comprises an outer edge curvature that matches an outer
edge curvature of the rider journal. Preferably therefore,
the outer edge curvature of the reduced-depth section
continues the adjacent outer edge curvature of the rider
journal.

[0023] Preferably, the reduced-depth section is effect-
ed by an inward step provided on the bearing overhang.
Preferably, the step creates a substantially crescent-
shaped face on the enlarged rear bearing.

[0024] Preferably, the bearing overhang is located on
an underside of the drive shaft. Preferably, the journal
overhang is located on an upper side of the drive shaft.
Alternatively, the bearing overhang may be located on a
side of the drive shaft, with the journal overhang located
on an opposing side of the drive shaft.

[0025] Preferably, the reduced-depth section compris-
es a short transitional portion wherein the underside
thereof is shaped to match and align with the underside
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profile of the adjacent rider journal, whilst the upperside
thereof is a continuation of the profile of the rear bearing.
[0026] The reduced-depth section provides a stepped
transition area where the maximum dimension is reduced
and can be accommodated by the rider aperture.
[0027] The rear journal, rear bearing and reduced-
depth section may be integrally formed as part of the
shaft.

[0028] In an alternative arrangement, the rear bearing
and the rider journal may be separately formed. The rear
bearing and the rider journal may provide cooperating
flanges with mating surfaces. The journal may comprise
an upwardly facing flange and the rear bearing may com-
prise a downwardly facing mating surface on the rear
bearing. Accordingly, each mating surface may be
formed by cutting away a segment of both the journal
and the bearing. Preferably, a shallower segment is cut
from an underside of the bearing and a deeper segment
is cut from an upperside of the journal. The non-mating
surfaces of the flanges preferably provide a continuation
of the curved outer profile of the respective parent part
(riderjournal orrear bearing), so as to provide a seamless
transition between the rear journal and the reduced-
depth section of the rear bearing.

[0029] With the above arrangement, the aperture of
the rider can pass over the enlarged rear bearing in an
axial direction and upon reaching the reduced-depth can
then move passed the step and upwardly to breach the
offset between the rear bearing and the rider journal. Ac-
cordingly, the reduced-depth provides an opportunity for
the aperture to be shifted to accommodate diameter of
the rider journal, before the rider continues over the rider
journal in an axial direction.

[0030] Preferably, the length ofthe reduced-depth sec-
tion is equal to or greater than a width of the rider. Pref-
erably, the length of the reduced-depth is equal to or
greater than the width of the idle section. Preferably, the
length of the reduced-depth is equal to or greater than
the reduced-width portion of the idle section.

[0031] Preferably, the enlarged rear bearing may com-
prise an increase in length in addition to the increase in
diameter. The increase in length may comprise the length
of the reduced-depth section.

[0032] Preferably, the reduced-width portion compris-
es a removed section of the idle section of the rider. Pref-
erably, the reduced-width portion encompasses substan-
tially all of the idle section.

[0033] Preferably, the body of the rider comprises first
and second sides. Preferably, the first side comprises a
leading side (passes onto the shaft forwardly and first).
Preferably, the second side comprises a following side
(passes onto the rearwardly and lastly). Preferably, the
reduced-width portion is effected by an inward step pro-
vided in the first side. Preferably, the step creates an
outcrop between the load section and the idle section.
[0034] Preferably, the idle section and the outcrop are
located on an underside of the rider. Alternatively, the
idle section and the outcrop may be located on a side of
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the rider.

[0035] The reduced-width portion provides a stepped
transition for cooperation with the reduced-depth portion
of the bearing.

[0036] Preferably, the reduced-width portion of the idle
section comprises approximately 50% of the width of the
load section. The idle section may, however, comprise
between 30% and 70% of the width of the load section.
[0037] Preferably, the reduced-depth section of the
bearing and the reduced-width section of the rider extend
over approximately equal circumferential distances, al-
though the reduced-width section of the rider may be
extend over a greater circumferential distance than the
reduced-depth section of the bearing.

[0038] Preferably, the load section of the rider occupy
approximately an upper two thirds of the rider. The idle
section may therefore, occupy approximately a lower
third of the rider.

[0039] Preferably, therefore, the load section extends
around between approximately 50% and approximately
80% of the circumference of the aperture. Accordingly,
the idle section may extend around between approxi-
mately 20% and approximately 50% of the circumference
of the aperture.

[0040] Preferably, the aperture is substantially circular
in cross-section to mirror the circular cross-section of the
rider journal and preferably, the rear bearing also.
[0041] Preferably, the improved drive assembly is con-
structed to drive two pumping heads. Preferably there-
fore, the load section of the rider comprises two outwardly
facing flat surfaces disposed at approximately 90° to one
another for contact with respective first and second tap-
pets. Preferably, therefore, the pump comprises first and
second pumping heads, which are preferably disposed
at approximately 90° to one another. With this arrange-
ment, the alternate orientation of the flat surfaces on the
rider allows for a cambox of reduced size and a V-ar-
rangement for the two pumping heads, making the whole
pump more space efficient and easier to accommodate.
[0042] Preferably, the two outwardly facing flat surfac-
es comprise substantially all of the load section. Prefer-
ably, the two flatsurfaces are approximately equal in size.
Preferably, the load section adopts an external cross-
sectional shape of a triangle. Accordingly, the depth of
the body of the load section preferably varies as a result
of the circular aperture.

[0043] Preferably, the load section comprises a short
substantially flat surface at the junction between the two
flat surfaces. Preferably therefore, the load section com-
prises a blunted apex.

[0044] Preferably, the idle section comprises a sub-
stantially arced cross-sectional shape. Preferably, there-
fore, in cross-section the body of the rider comprises a
generally triangular shape with a shallow convex base.
[0045] Preferably, the aperture is disposed centrally
through the body on a vertical axis of the body (between
the apex of the triangle and the base). Preferably, the
aperture is biased towards the convex base of the body.
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Preferably, therefore, the depth of the body of the idle
section gradually narrows towards the middle of the con-
vex base.

[0046] With this arrangement, the load bearing flat sur-
faces are thickerthan theidle (non-load-bearing) surface,
which extends the lifetime of the rider.

[0047] The drive shaft preferably comprises first and
second ends. The first end preferably comprises the rear
bearing and the second end comprises a front journal.
Therider journal may be disposed between the rear bear-
ing and the front journal. Preferably, a rider abutment is
provided between the rider journal and the front journal.
The front journal may be disposed on the same axis as
the rear bearing.

[0048] In a second aspect of the present invention
there is provided a high pressure fuel pump comprising
at least one pumping head and an improved drive as-
sembly, the drive assembly comprising a drive means
and a drive shaft comprising a rider journal adjoined to
a rear bearing, the journal and the bearing comprising
offset axes relative to one another, a rider fitted on said
drive shaft to effect movement of the rider along an ec-
centric rotational path, the rider comprising a body with
an open-ended aperture therethrough, aload section dis-
posed around a first portion of the circumference of the
aperture and an idle section disposed around a second
portion of the circumference of the aperture, and wherein
the load section of the rider comprises at least one out-
wardly facing flat surface, characterised in that the drive
shaft comprises an enlarged rear bearing with a reduced-
depth section at a bearing-journal junction.

[0049] Preferably, the idle section comprises a re-
duced-width portion.

[0050] It will be appreciated that the preferred features
described in relation to the first aspect of the invention
also apply to the second aspect of the invention.

[0051] In a third aspect of the present invention there
is provided an improved drive assembly for a high pres-
sure fuel pump comprising at least one pumping head,
the improved drive assembly comprising a drive means
and a drive shaft comprising a rider journal adjoined to
a rear bearing, the journal and the bearing comprising
offset axes relative to one another, a rider fitted on said
drive shaft to effect movement of the rider along an ec-
centric rotational path, the rider comprising a body with
an open-ended aperture therethrough, aload section dis-
posed around a first portion of the circumference of the
aperture and an idle section disposed around a second
portion of the circumference of the aperture, and wherein
the load section of the rider comprises at least one out-
wardly facing flat surface for cooperation with a tappet,
characterised in that the drive shaft comprises an en-
larged rear bearing with a reduced-depth section at a
bearing-journal junction.

[0052] Preferably, the idle section comprises a re-
duced-width portion.

[0053] It will be appreciated that the preferred features
described in relation to the first aspect of the invention
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also apply to the third aspect of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0054] Fora better understanding of the invention, and
to show how exemplary embodiments may be carried
into effect, reference will now be made to the accompa-
nying drawings in which:

Figure 1 is a schematic cross-sectional view of the
components of a high pressure fuel pump according
to the invention;

Figure 2 is a perspective view of an assembled drive
shaft and rider arrangement of an improved drive
assembly as used in the invention of Figure 1;

Figure 3 is a perspective view of the rider of Figure 2;

Figure 4 is a cross-sectional side view of the drive
shaft of Figure 2;

Figure 5 is a perspective view of the drive shaft of
Figure 2;

Figures 6a - e are schematic side views of the as-
sembly of the rider on the drive shaft.

DETAILED DESCRIPTION OF THE EXEMPLARY EM-
BODIMENTS

[0055] As shown in Figure 1, an embodiment of the
invention is shown. A high pressure fuel pump (not
shown) comprises at least one pumping head 10, 20 and
an improved drive assembly 30, the drive assembly 30
comprising a drive means (not shown), a drive shaft 40
comprising a rider journal 46 adjoined to a rear bearing
42, the journal 46 and the bearing 42 comprising offset
axes C-C’, D-D’ relative to one another, a rider 50 fitted
on said drive shaft 40 to effect movement of the rider 50
along an eccentricrotational path, the rider 50 comprising
abody 51 with an open-ended aperture 52 therethrough,
a load section 55 disposed around a first portion of the
circumference of the aperture 52 and an idle section 58
disposed around a second portion of the aperture 52,
and wherein the load section 55 of the rider comprises
at least one outwardly facing flat surface 56, 57 for co-
operation with a tappet, characterised in that the drive
shaft 40 comprises an enlarged rear bearing 42 with a
reduced-depth section 45 at a bearing-journal junction,
and the idle section 58 of the rider comprises a reduced-
width portion 59.

[0056] As can be seen in Figures 2 and 5, the drive
shaft 40 comprises a substantially elongate cylindrical
body 41 with a first end 41a and a second end 41b.
[0057] As can be seen more clearly in Figure 4, the
rear bearing 42 is located at the first end 41a of the shaft
40, comprises a diameter X and sits on main axis C-C’.
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Following the rear bearing 42 is the rider journal 46 com-
prising a diameter Y, which is parallel with the diameter
X. The rider journal 46 sits centrally on alternate axis D-
D’, which is parallel with the main axis C-C’. In the de-
scribed embodiment, the axis D-D’ of the journal 46 is
located directly above axis C-C’ of the bearing 42.
[0058] Following the rear journal 46 is an abutment 47
inthe form of adisc, which is co-axial with the rear bearing
42 and the axis C-C’. Extending from the abutment 47 to
the second end 41b is a front journal 49, which is also
co-axial with the rear bearing 42 and the axis C-C’. The
front journal 49 comprises a diameter Z approximately
equivalent to that of the rear bearing 42 as it extends
from the abutment 47, but gradually narrows towards the
second end 41b. The second end 41b is attached to a
drive means (not shown) via a thread that allows a
sprocket to be tightened against the taper and dictates
the rotational path of the drive shaft 40 and therefore, the
rotational path of the rider 50 fitted thereon.

[0059] The drive shaft 40 generally differs in diameter
X, Y, Z along its length, in addition to comprising the at
least two longitudinal axes C-C’, D-D’, which are offset
from one another. It is to be appreciated that although
the rider journal 46 is shown to be disposed on the alter-
native axis D-D’ located upwardly of the main axis C-C’,
in an alternative arrangement, it is possible for the alter-
native axis D-D’ to be located sidewardly of the main axis
C-C'. ltis the rider journal 46 that is offset relative to the
coaxial components of the drive shaft 40 (the rear beating
42, front journal 49 and the abutment 47).

[0060] The enlarged rear bearing 42 comprises an in-
creased diameter X when compared with the prior art,
up to and including the diameter Y of the rider journal 46.
In the described embodiment, the rear bearing diameter
Xand the front journal diameter Z are both approximately
25 mm, whereas the rider journal diameter Y is approx-
imately 29 mm. However, the diameter X of the rear bear-
ing 42 can be increased up to 29 mm before the rider
journal 46 limits further upsize (the diameter X of the rear
bearing 42 cannot exceed the diameter Y of the rider
journal 46, or retention of the rider 50 on the rider journal
46 would prove difficult).

[0061] The extent of the offset D1 between the axes
C-C’, D-D’ and the diameters X, Y of the rear bearing 42
and the rider journal 46 dictate the maximum distance
D2 spanned by the rear bearing 42 and the rider journal
46.

[0062] Inthe embodiment comprising the above diam-
eters X =25 mm, Y = 29 mm, the offset D1 between the
axes C-C’, D-D’ shown is approximately 10.5 mm. Ac-
cordingly, the maximum distance D2 spanned by the rear
bearing 42 and the rider journal 46 comprises 35.5 mm.
If a rider 50 is to fit snugly on the rider journal 46, the
aperture 52 of the rider 50 should not greatly exceed that
of the rider journal 46, except for a clearance tolerance
and so, the maximum distance D2 created is not breach-
able by the rider 50 during assembly.

[0063] Due to the enlarged rear bearing diameter X,
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the offset D1 creates a journal overhang 43 and a bearing
overhang 44. Due to the cylindrical nature of the bearing
42 and the journal 46, each overhang 43, 44 presents a
crescent-shaped face. At their widest points, the rear
bearing overhang comprises a distance D3 and the rider
journal overhang 44 comprises a distance D4. Since the
axes C-C’, D-D’ are only offset in one plane, the over-
hangs 43, 44 and located on parallel diameter lines.
[0064] Again,inthe embodiment comprising the above
diameters X = 25 mm, Y = 29 mm, the journal overhang
43 distance D3 = 10.5 mm, whereas the bearing over-
hang 44 distance D4 = 6.5 mm. Accordingly, a rider 50
with an aperture of approximately 29 mm would need to
breach the distance D4 of approximately 6.5 mm in order
to be positioned to accommodate the rider journal 46
diameter Y. However, it is to be appreciated, that any
bearing overhang 44 would prevent a rider 50 from being
assembled on the rider journal 46.

[0065] Accordingly, the reduced-depth section 45 of
the enlarged rear bearing 42 removes or substantially
negates the overhang 44.

[0066] Inordertoensure asmooth transition and retain
the cylindrical nature of the shaft 40, the reduced-depth
section 45 is achieved by causing the rear bearing 42 to
adopt the cylindrical profile (curvature) of the rider journal
46 in the section 45, in the region of the overhang 44.
[0067] In one embodiment of the invention, the shaft
40 is formed as a single part and so, this is accounted
for in the machining of the shaft 40, by essentially remov-
ing a crescent shaped part (the overhang 43) from the
rear bearing 42 in the section 45.

[0068] In an alternative embodiment as shown in Fig-
ure 5, the rear bearing 42 may be formed separately from
the rider journal 46, in which case each of the rear bearing
42 and the rider journal 46 are provided with cooperating
flanges 46a, 42a, by removing a segment of each cylin-
drical body. The flange 46a of the rider journal 46 pro-
vides an upwardly facing mating surface for cooperation
with a corresponding downwardly facing mating surface
on the flange 42a of the rear bearing 42. On each flange
46a, 42a, the non-mating surfaces retain the cylindrical
profile of the respective parent part (rider journal 46 or
rear bearing 42). As shown, a larger segment is cut from
the journal 46, to leave a relatively shallow flange, where-
as a smaller segmentis cut from the bearing 42, to leave
a relatively deep flange. When the flanges 42a, 46a are
brought together, the lower profile of the reduced-depth
section 45 is dictated by the non-mating profile of the
journal 46, whilst the upper profile is dictated by the non-
mating profile of the bearing42. This provides a seamless
transition between the rear journal 46 and the rear bear-
ing 42 in the reduced-depth section 45.

[0069] In order to accommodate the reduced-depth
section 45, the enlarged rear bearing 42 comprises an
increased length when compared with the prior art. This
can introduce a point of weakness into the shaft 40.
[0070] The length of the reduced-depth section 45 is
dictated by the width of the part of the rider 50 that co-
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operates with the reduced-depth section 45. Since the
reduced-depth section 45 removes the overhang 44 on
the underside of the shaft 40, the relevant part of the rider
50 to accommodate is the idle section 58.

[0071] As shown in Figure 3, the body 51 of the rider
50 comprises a first side 51a and a second side 51b. The
aperture 52, is open-ended on both sides 51a, 51b.
[0072] Itis to be appreciated that the rider 50 shown
inthe Figures and described below is adapted specifically
to accommodate for a high pressure fuel pump compris-
ing two pumping heads 10, 20 disposed at an angle of,
say between 45° and 135° to one another. However, the
rider 50 may be provided with a single flat surface on the
load section 55 in a single pumping head arrangement.
[0073] The body 51 comprises a generally triangular
cross-section with a shallow convex base. The triangular
cross-section comprises approximately an upper two
thirds of the body 51, whilst the concave base comprises
approximately a lower third of the body 51.

[0074] The triangular section provides the two out-
wardly facing flat surfaces 56, 57 of the load section pro-
viding a preferred angle of approximately 90° therebe-
tween. The surfaces 56, 57 are approximately equal in
size. Between the two faces 56, 57 there is provided a
short substantially flat surface 55a.

[0075] The idle section 58 accommodates the convex
base and is approximately half of the width (between
sides 51a and 51b) of the load section 55. This is
achieved by cutting away an equal width slice from the
side 51a of the idle section 58, which leaves behind an
inward step 60 on each side of the idle section 58 thereby
clearly delineating between the wider load section 55 and
the narrower idle section 58. By providing areduced width
in the idle section 58, the length of the corresponding
reduced-depth section 45 of the rear bearing 42 need
not be so long, thereby minimising any point of weakness
and making the shaft 40 more space efficient.

[0076] The open-ended aperture 52is substantially cir-
cularin cross-section and is sized to sit firmly on the rider
journal 46. Ideally, the rider 50 is fitted with a low friction
bearing. The aperture 52 is disposed centrally through
the body 51 on a vertical axis of the body 51, but is biased
towards the convex base of the body 51, such that the
depth of the base reduces as it reaches a point opposite
the apex (or flat surface 55a) of the load section 55. Ac-
cordingly, the depth of the body 51 of the idle section 58
significantly narrows towards the middle of the convex
base.

[0077] The position of the aperture 52 allows for great-
er body depth 51 in the load section 55 where itis required
and removes body 51 depth in the idle section, where it
is less important.

[0078] Accordingly, the reduced-depth section 45 of
the rearbearing 42 is approximately as long as (or greater
than) the reduced-width portion of the idle section 58.
[0079] As shown in Figure 1, the improved drive as-
sembly 30 can accommodate a high pressure fuel pump
comprising a long sought-after slipper tappet design ac-
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commodating two pumping heads 10, 20 disposed at 90°
to one another, which is more compact, space efficient
and easier to accommodate. This V-design is achieved
by providing the enlarged rear bearing 42, which imparts
increased strength to the drive shaft 40 to cope with the
higher load capacity. The inevitable issues of assembly
of the rider 50 on the drive shaft 40 are addressed by
adapting the rear bearing 42 to provide the reduced-
depth section 45. Further potential issues regarding an
unwanted increase in length of the drive shaft 40 and/or
weakness in the drive shaft 40 are tackled by adapting
the cooperating idle section 58 of the rider 50 to comprise
areduced-width portion. In combination, the two sections
45, 58 allow the rider 50 to traverse the increased dimen-
sion D1 created by the journal overhang 43 and the bear-
ing overhang 44 - a direct result of the enlarged rear
bearing 42 and the offset axes C-C’, D-D’.

[0080] As shown in Figures 6A - 6E, the rider 50 is
assembled on the shaft 40 by passing the aperture 52 of
the rider 50 over the rear bearing 42 (Figure 6B) and into
the reduced-depth section 45 (Figure 6C). At this point,
the second side 51b of the rider body 51 is abutting the
rider journal 46. The reduced- depth portion of the idle
section 58 has passed entirely into the reduced-depth
section 45, however, a trailing part of the load section 55
is still disposed across the rear bearing 42 beyond the
reduced-depth section 45. In this position, since there is
no upward barrier to the load section 58, which is resting
atop the rear bearing 42, the rider 50 can be moved up-
wardly on the shaft 40 to breach the distance D3 until the
rider aperture 52 is positioned coaxially with the rider
journal 46 (Figure 6D). The rider 50 can then be slid trans-
versely onto the rider journal 46.

[0081] In use, the improve drive assembly 30 provides
options for a V-slipper tappet fuel assembly for a high
pressure fuel pump.

[0082] In the fuel assembly, each pumping head 10,
20 comprises a pumping plunger 11, 21 for reciprocal
linear movement along a pumping axis A-A’, B-B’. The
pumping axes A-A’, B-B’ are disposed at approximately
90° to one another. The reciprocal movement of each of
the pumping heads 11, 12 is driven by its own respective
tappet 35, 36, also driven in reciprocal linear movement
along the respective axis A-A’, B-B’ of the appropriate
pumping plunger 11, 12. Each tappet 35, 36 has sliding
contact with one of the two outwardly facing flat surfaces
56, 57 of the rider 50, such that clockwise rotational
movement of the rider 50 on the drive shaft 40 (effected
by the drive means), guides the rising of the first tappet
35 along axis A-A’, followed by rising of the second tappet
36 along axis B-B’ simultaneous with falling of the first
tappet 35, followed by falling of the second tappet 36.
Accordingly, the rising and falling of the tappets 35, 36
effect rising of the first plunger 11 along axis A-A’, fol-
lowed by rising of the second plunger 12 along axis B-B’
simultaneous with falling of the first plunger 11, followed
by falling of the second plunger 12. It is to be appreciated
that the overlapping of the rising and falling (pumping
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events) of each pumping head 10, 20, will change if the
90° angle between the pumping heads 10, 20 is altered.
[0083] With this arrangement, the enlarged rear bear-
ing 42 provides strength and durability to the drive shaft
40 to cope with a higher load capacity required as a result
of the two pumping heads 10, 20.

[0084] The rider 50 has been adapted for ease of as-
sembly despite the larger rear bearing 42 and to effect a
more compact arrangement for the two pumping heads
10, 20 within the high pressure fuel pump. In particular,
the alternate orientation of the flat surfaces 56, 57 on the
rider 50 allows for a cambox of reduced size and a V-
arrangement for the two pumping heads 10, 20, making
the whole pump more space efficient and easier to ac-
commodate.

[0085] A rider 50 sized typically for a 14 mm stroke,
therefore, weighs approximately 80 g, producing a cen-
trifugal force of approximately 25N at 2000 rpm, 99N at
4000 rpm and 222N at 6000 rpm. Each of these forces
are significantly less than the expected 320N produced
by a tappet return spring of a single head), providing a
good margin of safety with regard to maintaining contact
between the rider (50) and the journal (46). The reduced-
width portion of the idle section (58) also assists with
bearing location and roundness.

[0086] The invention provides lifts restrictions on rear
bearing diameter and there is a wide range of possible
overhang dimensions available. Since the mass of the
rider is reduced, there is greater freedom for cooling fuel
flow over rider bearing areas.

[0087] Although a few preferred embodiments have
been shown and described, itwill be appreciated by those
skilled in the art that various changes and modifications
might be made without departing from the scope of the
invention, as defined in the appended claims.

Claims

1. A high pressure fuel pump comprising at least one
pumping head (10, 20) and an improved drive as-
sembly, the drive assembly comprising a drive
means and a drive shaft (40) comprising a rider jour-
nal (46) adjoined to a rear bearing (42), the journal
(46) and the bearing (42) comprising offset axes (C-
C’, D-D’) relative to one another, a rider (50) fitted
on said drive shaft (40) to effect movement of the
rider (50) along an eccentric rotational path, the rider
(50) comprising a body with an open-ended aperture
(52) therethrough, a load section (55) disposed
around a first portion of the circumference of the ap-
erture (52) and an idle section (58) disposed around
asecond portion of the circumference of the aperture
(52), and wherein the load section (55) of the rider
(50) comprises at least one outwardly facing flat sur-
face (56, 57) for cooperation with a tappet (35, 36),
characterised in that the drive shaft (40) comprises
an enlarged rear bearing (42) with a reduced-depth
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section (45) at a bearing-journal junction, and the
idle section (58) of the rider (50) comprises a re-
duced-width portion, and wherein the reduced-depth
section (45) is achieved by causing the rear bearing
(42) to adopt the cylindrical profile of the rider journal
(46) in the section (45), in the region of an overhang
(44) and, wherein the offset axes (C-C’, D-D’) and
the enlarged rear bearing (42) create the bearing
overhang (44) and a journal overhang (43) at the
bearing-journal junction.

A pump according to claim 1, wherein the overhangs
(43, 44) are arranged at diametrically-opposite po-
sitions across a bearing-journal overlapping area.

A pump according to claims 2 or 1, wherein the re-
duced-depth section (45) of the enlarged rear bear-
ing (42) negates substantially all of the bearing over-
hang (44).

Apump according to any one of claims 1to 3, wherein
the reduced-depth section (45) comprises an outer
edge curvature that matches an outer edge curva-
ture of the rider journal (46) such that the outer edge
curvature of the reduced-depth section (45) contin-
ues the adjacent outer edge curvature of the rider
journal (46).

Apump according to any one of claims 1to 4, wherein
the bearing overhang (44) is located on underside
side of the drive shaft (40) and the journal overhang
(43) is located on an opposite side of the drive shaft
(40).

Apump according to any one of claims 1to 5, wherein
the reduced-depth section (45) provides a stepped
transition area.

Apump according to any one of claims 1to 6, wherein
the length of the reduced-depth section (45) is equal
to or greater than the reduced-width portion of the
idle section (58).

Apump according to any one of claims 1to 4, wherein
the enlarged rear bearing (42) may comprise an in-
crease in length equal to the length of the reduced-
depth section (45).

Apump according to any one of claims 1to 8, wherein
the body (51) of the rider (50) comprises first and
second sides (51a, 51b), the first side (51a) compris-
ing a leading side.

A pump according to claim 9, wherein the reduced-
width portion is effected by an inward step provided

in the first side (51a).

A pump according to any one of claims 1 to 10,
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12.

13.

14.

wherein the idle section (58) is located on a under-
side of the rider (50).

A pump according to any one of claims 1 to 11,
wherein the reduced-width portion of the idle section
(58) comprises approximately 50% of a width of the
load section (55).

A pump according to any one of claims 1 to 12,
wherein the load section (55) of the rider (50) of the
improved drive assembly comprises two outwardly
facing flat surfaces (56, 57) disposed at approxi-
mately 90° to one another for contact with respective
first and second tappets (35, 36), which are con-
structed to drive two pumping heads (10, 20) dis-
posed at approximately 90° to one another.

A pump according to any one of claims 1 to 13,
wherein the aperture (52) is biased towards the idle
section (58).

Patentanspriiche

1.

Hochdruckkraftstoffpumpe, die zumindest einen
Pumpkopf (10, 20) und eine verbesserte Antriebsa-
nordnung aufweist, wobei die Antriebsanordnung ei-
ne Antriebseinrichtung und eine Antriebswelle (40)
aufweist, die einen an ein hinteres Lager (42) an-
grenzenden Reiter-Mitnehmer (46) aufweist, wobei
der Mitnehmer (46) und das Lager (42) relativ zuein-
ander versetzte Achsen (C-C’, D-D’) aufweisen, wo-
bei ein Reiter (50) an der Antriebswelle (40) ange-
bracht ist, um eine Bewegung des Reiters (50) ent-
lang eines exzentrischen Rotationspfads zu bewir-
ken, wobei der Reiter (50) einen Koérper mit einer
durchgehenden Offnung (52) hindurch, einen Last-
Abschnitt (55), der um einen ersten Teil des Um-
fangs der Offnung (52) angeordnet ist, und einen
Leerlauf-Abschnitt (58) aufweist, der um einen zwei-
ten Teil des Umfangs der Offnung (52) angeordnet
ist, und wobei der Last-Abschnitt (55) des Reiters
(50) zumindest eine nach aulRen gerichtete flache
Oberflache (56, 57) aufweist zur Zusammenarbeit
mit einem StoRel (35, 36), dadurch gekennzeich-
net, dass die Antriebswelle (40) ein vergrofRertes
hinteres Lager (42) mit einem Abschnitt (45) mit re-
duzierter Tiefe bei einer Lager-Mitnehmer-Verbin-
dung aufweist, und der Leerlauf-Abschnitt (58) des
Reiters (50) einen Teil mit reduzierter Breite auf-
weist, und wobei der Abschnitt (45) mit reduzierter
Tiefe erreicht wird, indem veranlasst wird, dass das
hintere Lager (42) das zylindrische Profil des Reiter-
Mitnehmers (46) in dem Abschnitt (45) annimmt, in
dem Bereich eines Uberstands (44), und

wobei die versetzten Achsen (C-C’, D-D’) und das
vergroRerte hintere Lager (42) den Lager-Uberstand
(44) und einen Mitnehmer-Uberstand (43) an der La-
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ger-Mitnehmer-Verbindung erzeugen.

Pumpe gemaBl Anspruch 1, wobei die Uberhénge
(43, 44) an diametral entgegengesetzten Positionen
tiber einen Lager-Mitnehmer-Uberlappungsbereich
angeordnet sind.

Pumpe gemaR den Anspriichen 2 oder 1, wobei der
Abschnitt (45) mit reduzierter Tiefe des vergroRRerten
hinteren Lagers (42) im Wesentlichen den gesamten
Lager-Uberstand (44) negiert.

Pumpe gemaR einem der Anspriiche 1 bis 3, wobei
der Abschnitt (45) mit reduzierter Tiefe eine AuRen-
kantenkrimmung aufweist, die mit einer AuRenkan-
tenkrimmung des Reiter-Mitnehmers (46) tberein-
stimmt, so dass die AulRenkantenkrimmung des Ab-
schnitts (45) mit reduzierter Tiefe die angrenzende
AuBenkantenkrimmung des Reiter-Mitnehmers
(46) fortsetzt.

Pumpe gemaR einem der Anspriiche 1 bis 4, wobei
sich der Lager-Uberstand (44) an einer Unterseite
der Antriebswelle (40) befindet und sich der Mitneh-
mer-Uberstand (43) an einer gegeniiberliegenden
Seite der Antriebswelle (40) befindet.

Pumpe gemaR einem der Anspriiche 1 bis 5, wobei
der Abschnitt (45) mit reduzierter Tiefe einen abge-
stuften Ubergangsbereich vorsieht.

Pumpe gemaR einem der Anspriiche 1 bis 6, wobei
die Lange des Abschnitts (45) mit reduzierter Tiefe
gleich oder gréRer als der Teil mit reduzierter Breite
des Leerlauf-Abschnitts (58) ist.

Pumpe gemaR einem der Anspriiche 1 bis 4, wobei
das vergrofRerte hintere Lager (42) eine Zunahme
der Lange aufweisen kann, die gleich der Lange des
Abschnitts (45) mit reduzierter Tiefe ist.

Pumpe gemal einem der Anspriiche 1 bis 8, wobei
der Korper (51) des Reiters (50) eine erste und eine
zweite Seite (51a, 51b) aufweist, wobeidie erste Sei-
te (51a) eine fihrende Seite aufweist.

Pumpe gemaR Anspruch 9, wobei der Teil mit redu-
zierter Breite durch eine Einwartsstufe bewirkt wird,
die in der ersten Seite (51a) vorgesehen ist.

Pumpe gemaf einem der Anspriiche 1 bis 10, wobei
sich der Leerlauf-Abschnitt (58) an einer Unterseite
des Reiters (50) befindet.

Pumpe gemaf einem der Anspriiche 1 bis 11, wobei
der Teil mit reduzierter Breite des Leerlauf-Ab-
schnitts (58) ungefahr 50% einer Breite des Last-
Abschnitts (55) aufweist.
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13.

14.

Pumpe gemaR einem der Anspriiche 1 bis 12, wobei
der Last-Abschnitt (55) des Reiters (50) der verbes-
serten Antriebsanordnung zwei nach au3en gerich-
tete flache Oberflachen (56, 57) aufweist, die in un-
gefahr 90° zueinander angeordnet sind zum Kontakt
mit den jeweiligen ersten und zweiten StéReln (35,
36), die konstruiert sind, um zwei Pumpkdpfe (10,
20) anzutreiben, die in ungefahr 90° zueinander an-
geordnet sind.

Pumpe gemaR einem der Anspriiche 1 bis 13, wobei
die Offnung (52) in Richtung des Leerlauf-Abschnitts
(58) beeinflusst ist.

Revendications

Pompe a carburant a haute pression comprenant au
moins une téte de pompage (10, 20) et un assem-
blage d’entrainement perfectionné, I'assemblage
d’entrainement comprenant un moyen d’entraine-
ment et un arbre d’entrainement (40) comprenant
un tourillon a cavalier (46) adjacent a un palier arriere
(42), le tourillon a cavalier (46) et le palier (42) com-
prenant des axes (C-C’, D-D’) décalés I'un par rap-
port a l'autre, un cavalier (50) monté sur ledit arbre
d’entrainement (40) pour effectuer un mouvement
du cavalier (50) le long d’un trajet de rotation excen-
trique, le cavalier (50) comprenant un corps avec
une ouverture (52) a extrémité ouverte a travers ce-
lui-ci, et une section sous charge (55) disposée
autour d’une premiére portion de la circonférence de
I'ouverture (52), et une section folle (58) disposée
autour d’'une seconde portion de la circonférence de
I'ouverture (52), et dans laquelle la section sous
charge (55) du cavalier (50) comprend au moins une
surface plane tournée vers I'extérieur (56, 57) des-
tinée a coopérer avec un poussoir (35, 36), carac-
térisée en ce que I'arbre d’entrainement (40) com-
prend un palier arriére élargi (42) avec une section
a profondeur réduite (45) au niveau d’une jonction
palier-tourillon, etla section folle (58) du cavalier (50)
comprend une portion a largeur réduite, et dans la-
quelle la section a profondeur réduite (45) est réali-
sée en amenant le palier arriere (42) a adopter le
profil cylindrique du tourillon a cavalier (46) dans la
section (45), dans la région d’'un surplomb (44), et
dans laquelle les axes décalés (C-C’, D-D’) et le pa-
lier arriere élargi (42) créent le surplomb de palier
(44) et un surplomb de tourillon (43) au niveau de la
jonction palier/tourillon.

Pompe selon la revendication 1, dans laquelle les
surplombs (43, 44) sont agencés au niveau de po-
sitions diamétralement opposées a travers une zone
de chevauchement palier-tourillon.

Pompe selonles revendications 1 ou 2, danslaquelle
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la section a profondeur réduite (45) du palier arriére
élargi (42) réduit sensiblement a zéro tout le sur-
plomb (44) du palier.

Pompe selon l'une quelconque des revendications
1 a 3, dans laquelle la section a profondeur réduite
(45) comprend une bordure extérieure avec une
courbure qui s’accorde a une courbure d’'une bordu-
re extérieure du tourillon a cavalier (46), de telle sorte
que la courbure de bordure extérieure de la section
a profondeur réduite (45) continue la courbure de la
bordure extérieure adjacente du tourillon a cavalier
(46).

Pompe selon l'une quelconque des revendications
1 a 4, dans laquelle le surplomb de palier (44) est
situé sur un cbté inférieur de I'arbre d’entrainement
(40) et le surplomb de tourillon (43) est situé sur un
c6té opposé de I'arbre d’entrainement (40).

Pompe selon l'une quelconque des revendications
1 a 5, dans laquelle la section a profondeur réduite
(45) constitue une zone de transition en gradins.

Pompe selon l'une quelconque des revendications
1 a 6, dans laquelle la longueur de la section a pro-
fondeur réduite (45) est égale ou supérieure ala por-
tion a largeur réduite de la section folle (58).

Pompe selon l'une quelconque des revendications
1 a4, dans laquelle le palier arriére élargi (42) peut
comprendre une augmentation de longueur égale a
la longueur de la section a profondeur réduite (45).

Pompe selon l'une quelconque des revendications
1 a 8, dans laquelle le corps (51) du cavalier (50)
comprend un premier et un second cété (51a, 51b),
le premier c6té (51a) comprenant un c6té d’attaque.

Pompe selon larevendication 9, dans laquelle la por-
tion a largeur réduite est réalisée par un gradin ren-
trant prévu dans le premier cété (51a).

Pompe selon l'une quelconque des revendications
1 a 10, dans laquelle la section folle (52) est située
sur un cété inférieur du cavalier (50).

Pompe selon l'une quelconque des revendications
1 a 11, dans laquelle la portion a largeur réduite de
la section folle (58) comprend approximativement 50
% d’une largeur de la section sous charge (55).

Pompe selon l'une quelconque des revendications
1a 12, dans laquelle |a section sous charge (55) du
cavalier (50) de 'assemblage d’entrainement per-
fectionné comprend deux surfaces planes tournées
vers I'extérieur (56, 57) disposées approximative-
ment a 90° 'une par rapport a I'autre pour venir en
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contact avec un premier et un second poussoir (35,
36) respectif, qui sont construits pour entrainer deux
tétes de pompage (10, 20) disposées approximati-
vement a 90° I'une par rapport a l'autre.

Pompe selon I'une quelconque des revendications
1 a 13, dans laquelle I'ouverture (52) est sollicitée
en direction de la section folle (58).
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