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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 of
slipper-tappet design.

Description of the Related Art

[0002] In high pressure fuel pumps of slipper-tappet
design the drive assembly comprises a cam that is driven
around an eccentric rotational path by a driveshaft as
described in US6322328 B1, W02016/096205 A1,
EP1767771 A1 and DE3542938 A1. The cam carries a
rider therearound, also driven around the same eccentric
rotational path. The rider comprises at least one flat sur-
face, which cooperates with a corresponding flat surface
of atappet. 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 ax-
is. The movement of the flat surface of the rider generally
along the pumping axis guides the tappetin linear move-
ment along the same pumping axis, so that as the rider
flat surface rises in the direction of the tappet it pushes
the tappet along the pumping axis. Simultaneously, the
rider flat surface slides along the tappet flat surface until
it reaches its highest point. Continuing along its path, the
rider flat surface begins to fall and the tappet follows, until
the rider flat surface reaches its lowest point. The cycle
is repeated. The rising and falling of the tappet along the
pumping axis translates into linear reciprocal movement
of a pumping plunger within a pumping head.As shown
in Figure 1, a known dual-head slipper tappet arrange-
ment 1 exists where a drive assembly with a driveshaft
8 andrider 5 effects plunger 3 movement of two separate
pumping heads 2 (only one is shown). The arrangement
1 is known as a tower block arrangement, which com-
prises opposing pumping heads 2 stacked at 180° to one
another with the drive assembly between. The plunger 3
interacts with a tappet 4. In this case, the rider 5 has first
and second flat surfaces 6, 7 opposite one another, with
the second surface 7 cooperating with a second tappet
(not shown) to drive a second pumping plunger (not
shown) within a second pumping head (not shown).
[0003] There is a current trend towards a demand for
greater rail pressures. 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 assembly of both the driveshaft bearings
and the rider.

[0004] In order to prevent failure of the driveshaft as a
result of the greater load, it is necessary to increase the
size of the support bearings (front bearing and rear bear-

15

20

25

30

35

40

45

50

55

ing). This in turn presents issues, since the rider needs
to pass over either a front or rear bearing in order to sit
on the rider journal.

[0005] One way to allow the bearings to be increased
in size without compromising on passage of the rider onto
the rider journal is to reduce the rider journal eccenter.
However, this significantly decreases the throw or offset
of the bearing relative to the rider journal. A reduced throw
or offset negatively impacts on the stroke length there-
fore, decreasing the capacity of the pump. This is a prob-
lem since pump capacity is also an important factor.
Therefore, one significant area forimprovementis finding
a solution to the increased load issue whilst retaining
pump capacity.

[0006] 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. Therefore, it is now desired to provide an
improved drive assembly for a high pressure fuel pump
thatis capable of withstanding higher loads without com-
promising pump capacity, or ease of assembly. In par-
ticular, it is desired to provide a dual pumping head ar-
rangement for known slipper tappet pumps, which also
provides good pump capacity and is capable of higher
loads.

SUMMARY OF THE INVENTION

[0007] In a first aspect of the present invention there
is provided a high pressure fuel pump according to claim
1, the high pressure fuel pump comprising at least one
pumping assembly and a drive assembly, the or each
pumping assembly comprising a plunger arranged for
reciprocal movement along a pumping axis, the drive as-
sembly comprising a drive means and a driveshaft com-
prising a rider journal adjoined to a front bearing and a
rear bearing, the rider journal and atleast the rear bearing
comprising offset axes relative to one another, a rider
fitted on said rider journal to effect movement of the rider
along an eccentric rotational path, wherein the rider com-
prises at least one outwardly facing flat surface for co-
operation with said pumping assembly, characterised in
that the drive assembly comprises a stroke-increasing
arrangement disposed between the rider and the pump-
ing assembly.

[0008] By ’stroke-increasing arrangement’, what is
meant is an assembly that effects an increased plunger
lift and drop, thereby adding to the effect of a throw be-
tween the rider journal and the bearing that is determined
by the offset axes provided between the rider journal and
the rear bearing.

[0009] By 'throw’ whatis meantis a distance between
the offset axes of the rider journal and the rear bearing
that effects a lifting and dropping action during rotation
of the driveshaft.

[0010] With this arrangement, the enlarged rear bear-
ing provides strength and durability to the driveshaft to
cope with a higher load capacity, whereas the stroke-
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increasing arrangement compensates for the decreased
plunger lift and drop (stroke length) caused by the inev-
itable reduction in a throw defined by the offset axes as
a result of said enlarged bearing. Accordingly, despite
the larger rear bearing, the adaptations to the drive as-
sembly effect easy construction and a good pump ca-
pacity for the optional two pumping heads within the high
pressure fuel pump.

[0011] Preferably, the drive assembly comprises an
enlarged rear bearing.

[0012] 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.

[0013] According to the present invention, the stroke-
increasing arrangement comprises at least two angled
members. The angled members are configured to trans-
late movement along a first axis to along a second axis.
[0014] Preferably, the first axis is the same as a rider
reciprocating axis (axis along which the rider moves).
The second axis is the same as the pumping axis. Most
preferably, the second axis is substantially perpendicular
to the first axis. Preferably, each angled member com-
prises at least one contact face for contact with one other
angled member. Preferably, the contact faces comprise
a planar face.

[0015] Preferably, the plane of the contact face(s) of
each angled member is/are configured to be disposed at
an angle to both the first axis and the second axis. Pref-
erably, the plane of both contact faces of two contacting
angled members are configured to be disposed at the
same angle. The angle may be between 30° and 70°.
Preferably, the angle is approximately between 35° and
approximately 50°. Most preferably, the angle is approx-
imately between 40° and approximately 48°.

[0016] Preferably, two of the angled members com-
prise an engagement face for engaging a driving com-
ponent of the drive assembly, or a driven component of
the pumping assembly. Preferably, the engagement fac-
es are substantially planar.

[0017] The driving component may be a rider or other
such component. The driven component may be a tappet
or the plunger as part of the pumping assembly, since
the tappet may no longer be required.

[0018] Preferably, the plane of the engagement face
of a first angled member is provided in a first orientation
and the plane of the engagement face of a second angled
member is provided in a second orientation. Preferably,
the first orientation is perpendicular to the first/ rider re-
ciprocating axis and the second orientation is perpendic-
ular to the second/ pumping axis. Most preferably, the
second orientation is perpendicular to the first orientation.
Accordingly, the engagement face of each angled mem-
ber is preferably provided at an angle to that of its re-
spective contact face.

[0019] Preferably, the engagement face of each an-
gled member is provided at an angle to that of its respec-
tive contact face.
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[0020] Preferably, two of the angled members com-
prise a guided face for guided sliding contact with a guid-
ing face provided by the drive housing. Preferably, the
guided face of each angled member is provided at an
angle to that of its respective contact face. The guided
face of each angled member may be provided at the
same angle as that between the engagement face and
the contactface. The guided face of each angled member
may be provided at a less acute angle as that between
the engagement face and the contact face. Preferably,
however, the guided face of each angled member is pro-
vided at a more acute angle as that between the engage-
ment face and the contact face.

[0021] Preferably, the angled members comprise a tri-
angular cross-section. The angled members preferably
comprise a short triangular column, the length of which
is long enough to accommodate at least the driven com-
ponent, e.g. the plunger or a tappet.

[0022] Each angled member may be substantially hol-
low.
[0023] Preferably, the engagement face of at least the

first angled member comprises an upstanding lip along
an edge, preferably, the edge adjoining the guided face.
Since the angled members are intended to be inter-
changeable, both angled members may have an up-
standing lip.

[0024] Preferably, the drive housing comprises an
adapted chamber disposed between the rider and the
plunger. Preferably, the chamber comprises at least two
guiding faces for contact with said guided faces of the
angled members. Preferably, the guiding faces are con-
figured to guide movement of the first angled member in
along the first/ reciprocating rider axis and of the second
angled member along the second/ pumping axis.
[0025] Preferably, the chamber comprises a first guid-
ing face substantially parallel with the first/ reciprocating
rider axis and provided by a protrusion from a first cham-
ber wall. Preferably, the chamber comprises a second
guiding face substantially parallel with the second/ pump-
ing axis and provided by a second chamber wall. The
second chamber wall may be adjoined to said first cham-
ber wall, either directly or indirectly.

[0026] Preferably, the protrusion comprises an abut-
ment face. The abutment face is preferably configured
to abut the lip of the engagement face. This prevents
over extension of the first angled member.

[0027] Preferably, the first guiding face is narrower
than the guided face in the first direction of travel. Ac-
cordingly, the guided face is configured to partially over-
hang the guiding face.

[0028] Preferably, the protrusion comprises a trailing
face shaped to drop away before an end of the first cham-
ber wall and/or before meeting the second chamber wall.
The trailing face allows the second angled member to
drop beyond the level of the first guiding face for a greater
extent of movementalong the second/ pumping axis. The
trailing face may be sloped. The trailing face may be pro-
vided at an angle of approximately 45° in order to com-
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fortably accommodate a bottom part of a second angled
member with varying angles.

[0029] Withthe above arrangement, the sliding surfac-
es provided by the angled members provide a larger slid-
ing area. This increases the durability of the members
and possibly removes the need for protective coatings
on said sliding surfaces.

[0030] Preferably, the angled members are inter-
changeable with other angled members having a differ-
ent pitch. This way, the stroke length can be varied by
simply swapping out the angled members for alternative
angled members.

[0031] Preferably, the enlarged rear bearing may com-
prise an increase in length in addition to the increase in
diameter.

[0032] Preferably, the drive assembly is constructed
to drive two pumping heads and therefore, two stroke-
enhancing mechanisms. The pump may comprise first
and second pumping heads disposed at approximately
180° to one another with offset pumping axes.

[0033] Preferably, the pump is a diesel pump.

[0034] In a second aspect of the present invention
there is provided a drive assembly for a high pressure
fuel pump according to claim 1.

[0035] 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.

[0036] In a third aspect of the present invention there
is provided a stroke-increasing arrangement for a drive
assembly of a high pressure fuel pump according to claim
1.

[0037] It will be appreciated that the preferred features
described in relation to the first aspect of the invention
also apply to the third aspect of the invention.

[0038] In afourth aspect of the present invention there
is provided a drive housing of a high pressure fuel pump
according to claim 1, the drive housing comprising an
adapted chamber between a drive assembly and a pump-
ing assembly, wherein the chamber comprises guiding
means for a stroke-increasing arrangement.

[0039] Preferably, the guiding means comprises guid-
ing surfaces configured for sliding contact with guided
faces of the stroke-increasing arrangement. The stroke
increasing arrangement comprises at least two angled
members.

[0040] It will be appreciated that the preferred features
described in relation to the first aspect of the invention
also apply to the fourth aspect of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] 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 side view of
the components of a known high pressure fuel pump
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showing only one of the two pumping heads;

Figure 2a is a schematic cross-sectional side view
of part of a drive assembly and a pumping assembly
of a high pressure fuel pump according to an em-
bodiment of the invention in a plunger dropped po-
sition;

Figure 2b is a schematic cross-sectional side view
of part of a assembly and a pumping assembly of a
high pressure fuel pump according to Figure 2a in a
plunger lifted position;

Figure 3a is a schematic cross-sectional side view
of part of a drive assembly and a pumping assembly
of a high pressure fuel pump according to another
embodiment of the invention in a plunger dropped
position;

Figure 3b is a schematic cross-sectional side view
of part of adrive assembly and a pumping assembly
of a high pressure fuel pump according to Figure 3a
in a plunger lifted position; and

Figure 4 is a schematic side view of a driveshaft the
invention of Figures 2a-b and 3a-b.

DETAILED DESCRIPTION OF THE EXEMPLARY EM-
BODIMENTS

[0042] Anembodiment ofthe invention is shownin Fig-
ures 2a 2b, 3a and 3b. A high pressure fuel pump com-
prises at least one pumping assembly 10 and a drive
assembly 20. The or each pumping assembly 10 com-
prises a plunger 12 arranged for reciprocal movement
along a pumping axis A-A’. The drive assembly 20 com-
prises a drive means (not shown) and a driveshaft 22
comprising a rider journal 24 adjoined to a front bearing
25 and arear bearing 26. The rider journal 24 and at least
the rear bearing 26 comprise offset axes B-B’, C-C’ rel-
ative to one another. A rider 30 is fitted on said rider
journal 24 to effect movement of the rider 30 along an
eccentric rotational path, wherein the rider 30 comprises
at least one outwardly facing flat surface 34 for cooper-
ation with the pumping assembly 10. The drive assembly
20 comprises a stroke-increasing arrangement 40 dis-
posed between the rider 30 and the pumping assembly
10.

[0043] As can be seen in Figure 4, the driveshaft 22
comprises a substantially elongate cylindrical body with
a first end 21a and a second end 21b. The rear bearing
26 is enlarged (comprises an enlarged diameter), sits on
axis B-B’ and is located at the second end 21b of the
shaft 22.

[0044] Following the rear bearing 26 is the rider journal
24 sitting on alternate axis C-C’ parallel with the axis B-
B’. In the described embodiment, the axis C-C’ of the
rider journal 24 is located directly above axis B-B’ of the
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bearing 26. The diameter of the rear bearing 26 is just
smaller than the rider journal 24 so as to define a throw
T between that effects a lifting and dropping action during
rotation of the driveshaft 22. Therefore, the enlarged rear
bearing 26 comprises an increased diameter when com-
pared with the prior art, almost up to the diameter of the
rider journal 24. This allows the driveshaft 22 to endure
much higher loads.

[0045] Following the rider journal 24 is an abutment 27
in the form of a disc. Extending from the abutment 27 to
the first end 21a is a front journal 49.

[0046] The first end 21a is attached to a drive means
(not shown) via a thread that allows a sprocket to be
tightened against the end and dictates the rotational path
of the driveshaft 22 and therefore, the rotational path of
the rider 30 fitted thereon.

[0047] Asshown inFigures 2a, 2b, 3a and 3c, the rider
30 comprises a substantially cuboidal body with a cylin-
drical bore 32 therethrough. The bore 32 is of a diameter
suitable for a clearance fit with the rider journal 24 of the
driveshaft 22.

[0048] The rider 30 comprises two opposing flat sur-
faces 34 that are configured to provide load surfaces for
the pumping function in opposing directions. The rider
30 reciprocates along an axis E-E’ driven by the rotating
driveshaft 22. Of course, it is possible that the rider 30
be provided with flat surfaces in a different orientation to
one another, such as a V-shaped orientation in order to
provide load surfaces for a different arrangement of
pumping assemblies.

[0049] The stroke-increasing arrangement 40 com-
prises a pair of angled members 41, 42. Each angled
member 41, 42 comprises a short hollow column with a
right-angled triangular cross-section. Accordingly, each
angled member 41, 42 has three external planar faces
41a - c and 42a - c respectively, disposed at angles to
one another.

[0050] The angled members 41, 42 are configured to
translate reciprocating movement along a first/ recipro-
cating rider axis D-D’ to reciprocating movement along
a second/ pumping axis A-A’. In the described embodi-
ments, the second/ pumping axis A-A’ orientation is sub-
stantially perpendicular to the first/ reciprocating rider ax-
is D-D’.

[0051] Accordingly, each angled member 41, 42 com-
prises a contact face 41a, 42a, an engagement face 41b,
42b and a guided face 41c, 42c.

[0052] The contact faces 41a, 42a are configured for
contactwith the other angled member 41, 42 and as such,
in order to translate the orientation of movement, the
plane of the contact face 41a, 42a of each angled mem-
ber41,42 is disposed at an angle F to the second/ pump-
ing axis A-A’ and at an angle G to the first/ reciprocating
rider axis D-D’. Accordingly, the contact faces 41a, 42a
form the hypotenuse of the right-angled column.

[0053] The angle F at whichthe contactfaces41a, 42a
are disposed has an impact on the extent of lift and drop
of the plunger 12. In Figures 2a- 2b, the angle F is set at
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48° which has been shown to be capable of achieving a
range of movement of 7.18 mm. In contrast, in Figures
3a-3b, the angle F is set at 40° which has been shown
to be capable of achieving a range of movement of 9.53
mm. Although not shown specifically, a 45° angle F pro-
vides an 8 mm lift and drop and a 43° angle F provides
8.53 mm lift and drop. Therefore, the angled members
41,42 are adapted to be interchangeable with other pairs
of angled members having a different angle F and a dif-
ferent lift and drop (which will likely be dictated by the
height of the pumping head). Therefore, the stroke length
can be varied easily by simply swapping out the angled
members 41, 42 for alternative angled members with a
different angle F.

[0054] Each engagement face 41b, 42b is configured
to engage a driving component of the drive assembly,
e.g. aload face 34 of the rider 30, or a driven component
of the pumping assembly, e.g. a tappet or alternatively,
adriven end of a plunger 12. The engagement faces 41b,
42b comprise one of the pair of catheti faces formed by
the right-angled column.

[0055] The guided faces 41c, 42c are configured for
guided sliding contact with a guiding face 51a, 52a pro-
vided by the chamber 50 of the drive housing. The guided
faces 41c, 42c comprise the other of the pair of catheti
faces formed by the right-angled column and as such, is
disposed at a right-angle to the respective engagement
face 41b, 42b. Each guided face 41c, 42c is provided at
angle F to that of its respective contact face 41a, 42a.
[0056] In the embodiment shown by Figures 2a and
2b, the engagement face 41b of at least the first angled
member 41 comprises an upstanding lip 41d along an
edge adjoining the guided face 41c/ the right-angled
adge. Since the angled members 41, 42 are intended to
be interchangeable as far as possible, both angled mem-
bers 41, 42 may have an upstanding lip 41d, 42d. How-
ever, the lip 41d, 42d may be omitted (as in Figures 3a
and 3b) in order to achieve a greater extent of movement
and to accommodate the narrower engagement face
41b, 42b as a result of a more acute angle F.

[0057] In order to provide both guiding faces 51a, 52a,
the drive housing comprises an adapted chamber 50 dis-
posed between the rider 30 and the plunger 12.

[0058] The chamber50 comprises a firstchamber wall
51 substantially parallel with the first/ reciprocating rider
axis D-D’ and a second chamber wall 52 substantially
parallel with the second/ pumping axis A-A’. Accordingly,
in the shown embodiments, the two walls 51, 52 meet in
a substantially right-angled corner, which is dictated by
the perpendicular relationship between the first/ recipro-
cating rider axis D-D’ and the second/ pumping axis A-
A’. However, should the relationship between the first/
reciprocating rider axis D-D’ and the second/ pumping
axis A-A’ be different, the relative orientation of the be-
tween the two walls 51, 52 would potentially mirror that
relationship.

[0059] The second chamber wall 52 functions as the
second guiding face 52a for the guided face 42c of the
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second angled member 42. The first chamber wall 51
comprises a protrusion 53 comprising a leading face 51b,
the first guiding face 51a and a trailing face 51c. The
leading face 51b is substantially perpendicular to the
chamber wall 51. The guiding face 51a is substantially
parallel with the chamber wall 51 and linked with the lead-
ing face 51b. The trailing face 51c slopes away from the
guiding face 51a back towards the chamber wall 51. In
the embodiment shown, the trailing face 51b meets the
first chamber wall 51 at the junction with the second
chamber wall 52. In a preferred embodiment, the trailing
face 51c comprises an angle of approximately 45° to the
guiding face 51a, although it could be disposed at a more
or less acute angle, or a 90° angle (mirroring the leading
face 51b).

[0060] The first guiding face 51a is narrower than the
span of the guided face 41c between the leading and
trailing faces 51b, 51c and so, the guided face 41c of the
angled member 41 is configured to partially overhang the
guiding face 51a. The narrower guiding face 51a also
facilitates the existence and slope of the trailing face 51c
in order that the second angled member 42 is able to
drop below the level of the first guiding face 51a for a
greater range of movement along the second/ pumping
axis A-A’.

[0061] During assembly of the stroke-increasing ar-
rangement40, the second angled member42is disposed
with the engagement face 42b facing the end 12a of the
plunger 12 and the guided face 42c against the guiding
face 52a of the second chamber wall 52. For ease, the
second angled member 42 may be in a dropped position
and may be substantially resting in the space between
the trailing face 51c and the second chamber wall 52. In
this position, the contact face 42a is in a generally down-
wardly disposed orientation (angled).

[0062] The first angled member 41 is slid in ‘'under’ the
second angled member 42, with the guided face 41c dis-
posed downwardly and resting against the first guiding
face 51a, which places the contact face 41a in an gen-
erally upwardly disposed orientation (angled) to meet the
second contact face 42a. The first engagement face 41b
is in an orientation to interface with the load face 34 of
the rider 30.

[0063] In a first position, as shown in Figures 2a and
3a, the plunger 12 is in a 'dropped’ state sitting against
the engagement face 42b of the 'dropped’ second angled
member 42, part of which nestles in the space between
the trailing face 51c of the protrusion 53 and the second
chamber wall 52. An upper portion of the second contact
face 42a is resting against a lower portion of the first
contact face 41a of the first angled member 41, thereby
maintaining the angle F and the orientation of the contact
face 42a relative to the pumping axis A-A’. The first an-
gled member 41 overhangs the guiding face 51a on pro-
trusion 53 by partially extending over the leading face
51b. Accordingly, the first angled member 41 is trapped
between the contact face 42a of the second angled mem-
ber 42, the first guiding face 51a and the load face 34 of
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the rider 30 to retain its orientation.

[0064] In use, as the driveshaft 22 is rotated, the load
face 34 of the rider 30 moves along the axis D-D’ towards
the second chamber wall 52 pushing the engagement
face 41b of the first angled member 41 along the first/
reciprocating rider axis D’—»D. The guided face 41c of
the first angled member 41 slides along the guiding face
51a of the protrusion 53 in the first chamber wall 51 until
the lip 41d meets the leading face 51b of the protrusion
53 (where a lip is present) as shown in Figures 2b and
3b. The lip 41d prevents over extension of the first angled
member 41 which may otherwise hit the second chamber
wall 52 during operation. This movement, translates the
contact face 41a into a sloped location substantially un-
der the end 12a of the plunger 12 (as shown in Figures
2b and 3c). Simultaneous with the translation of the first
contact face 41a, the second contact face 42a is forced
to slide upwardly on the first contact face 41a, causing
the second angled member 42 to move upwardly along
the second/ pumping axis A’—A supported by the inter-
action of the guided face 42c with the guiding face 52a.
Theresultantrisingengagementface 42b lifts the plunger
12. The lip 42d of the second angled member 42 may
help to retain the plunger 12 in position, although the
presence of the lip 42d of the second angled member 42
is primarily to enable the members 41, 42 to be easily
interchangeable if required making assembly simple.
[0065] In this lifted position, the second contact face
42a substantially overlies the first contact face 41a to be
fully supported between the first angled member 41 and
the second guiding face 52a of the chamber 50.

[0066] As the rider 30 recedes on completion of one
rotation of the driveshaft 22, the force of a return spring
(not shown) located around the plunger 12, causes the
engagement face 42b to be driven downwardly and the
second angled member 42 to drop whilst supported by
the guiding face 52a. This downward movement of the
second angled member 42 forces the first angled mem-
ber back along the first axis D-D’ due to the sliding inter-
action of the two contact faces 41a, 42a. The first angled
member 41 follows the receding face 34 of the rider 30
until it returns fully to the dropped position.

[0067] The drive assembly is constructed to drive two
pumping assemblies 10 and therefore, two stroke-en-
hancing mechanisms 40. The pump may comprise first
and second pumping assemblies 10 disposed at approx-
imately 180° to one another with offset pumping axes.
The opposite faces 34 of the rider 30 are able to accom-
modate such an arrangement, wherein as the rider 30
‘drops’ relative to a first pumping assembly 10, the rider
30 is ’lifted’ in relation to the second pumping assembly
10 and vice versa.

[0068] Although the above embodiments are shown
and have been described in relation to a pumping as-
sembly without a tappet, it is possible to extend the in-
vention to a tappet installation. In this case, each flat sur-
face 34 of the rider 30 would contact a tappet which in
turn would contact the bottom end 12a of the plunger 12
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(in much the same arrangement as shown in Figure 1).
[0069] The choice of angle F has a significant impact
of the range of movement of the plunger 12. In particular,
a shallower angle F appears to increase the range of
movement, which in turn increases the pump capacity.
The examples discussed above are based upon a rider
journal 24/ rear bearing 26 throw T of 8 mm due to the
enlarged rear bearing 26 and the stroke-increasing ar-
rangement 40 aims to compensate for the loss of plunger
lift. However, it has been shown that a greater throw T
of 10.5 mm, e.g. little or no enlargement of the rear bear-
ing 26, greater pump capacities could be achieved. As
the throw T increases, the pump capacity increases ex-
ponentially with an increase in angle F.

[0070] With the above arrangement, it is possible to
increase pump capacity only with the replacement of two
angled members 41, 42, which allows the rear bearing
26 of the driveshaft 22 to be upsized where necessary.
The tappet and associated sleeve may also be removed,
which improves on the packaging efficiency of the pump.
Since there is also a large increase in the area of sliding
surfaces 41a-c and 42a-c, the durability of those surfaces
is significantly increased, which may allow removal of
any durable coatings which add to the cost of manufac-
turing of sliding parts. Furthermore, since driving move-
ment is translated to be along the pumping axis A-A’ be-
fore it reaches the plunger 12, plunger side-load is re-
moved and as such, a narrower plunger with high lift could
be used to deliver a higher volumetric efficiency.

The arrangement will also support a second pumping
assembly 10 incorporated on an opposing side of the
rider 30 to double the capacity of the pump. This can
either be located so as to be side-by-side with the first
pumping assembly, or opposite the first pumping assem-
bly, or even at a different angled orientation (in the latter
case with an adapted rider 30). In a side-by-side arrange-
ment, it could be possible to fit one long high pressure
dual-head with one high pressure outlet.

[0071] Although a few preferred embodiments have
been shown and described, it willbe 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 assembly (10) and a drive assembly (20),
the or each pumping assembly (10) comprising a
plunger (12) arranged for reciprocal movement
along a pumping axis (A-A’), the drive assembly (20)
comprising a drive means and a driveshaft (22) com-
prising arider journal (24) adjoined to a front bearing
(25) and a rear bearing (26), the rider journal (24)
and at least the rear bearing (26) comprising offset
axes (B-B’, C-C’) relative to one another, a rider (30)
fitted on said rider journal (24) to effect movement
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of the rider (30) along an eccentric rotational path,
wherein the rider (30) comprises at least one out-
wardly facing flat surface (34) for cooperation with
said pumping assembly (10), wherein the drive as-
sembly (20) comprises a stroke-increasing arrange-
ment (40) disposed between the rider (30) and the
pumping assembly (10) the high pressure fuel pump
being characterised in that the stroke-increasing
arrangement (40) comprises at least two angled
members (41, 42) configured to translate movement
along a first axis (D-D’) to along the pumping axis
(A-A).

The pump according to claim 1, wherein the drive
assembly (20) comprises an enlarged rear bearing
(26) which means an increase in the diameter of the
rear bearing (26) up to and including the diameter of
the rider journal (24), whilst retaining the offset axes
(B-B’, C-C’).

The pump according to claim 1, wherein the first axis
(D-D’) is the same as a rider (30) reciprocating axis
(D-D’) and the pumping axis (A-A’) is the same as
the pumping axis (A-A).

The pump according to any one of claims 1 or 3,
wherein each angled member (41, 42) comprises at
least one planar contact face (41a, 42a) for contact
with one other angled member (41, 42) and config-
ured to be disposed at an angle (F) to both the first
axis (D-D’) and the pumping axis (A-A’).

The pump according to claim 4, wherein the angle
(F) is between 30°and 70°.

The pump according to any one of claims 1 to 5,
wherein two of the angled members (41, 42) com-
prise a planar engagement face (41b, 42b) for en-
gaging a driving component (30) of the drive assem-
bly (20), or a driven component (12) of the pumping
assembly (10).

The pump according to claim 6, wherein the plane
of the engagement face (41b) of a first angled mem-
ber (41) is provided in a first orientation perpendic-
ular to the first/ rider reciprocating axis (D-D’) and
the plane of the engagement face (41b) of a second
angled member (42) is provided in a second orien-
tation perpendicular to the second/ pumping axis (A-
A).

The pump according to any one of claims 1 to 7,
wherein two of the angled members (41, 42) com-
prise a guided face (41c, 42c) provided at angle (F)
to that of its respective contact face (41a, 42a) for
guided sliding contact with a guiding face (41c, 42c)
provided by the drive housing.
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The pump according to any one of claims 1 to 8,
wherein the angled members (41, 42) comprise a
triangular cross-section.

The pump according to any one of claims 8 or 9,
wherein the drive housing comprises an adapted
chamber (50) disposed between the rider (30) and
the plunger (12) comprising at least two guiding fac-
es (51a, 52a) for contact with said guided faces (41c,
42c) of the angled members (41, 42).

The pump according to claim 10, wherein the cham-
ber (50) comprises a first guiding face (51a) parallel
with the first/ reciprocating rider axis (D-D’) provided
by a protrusion (53) from a first chamber (50) wall
and a second guiding face (52a) parallel with the
second/ pumping axis (A-A’) and provided by a sec-
ond chamber wall (52).

The pump according to claim 11, wherein the first
guided face (41c) is configured to partially overhang
the first guiding face (51a).

The pump according to claim 12, wherein the pro-
trusion (53) comprises a sloped trailing face (51c)
shaped to drop away before an end of the first cham-
ber wall (51) and/or before meeting the second
chamber wall (52).

The pump according to any one of claims 4 to 13,
wherein the angled members (41, 42) are inter-
changeable with other angled members comprising
a different angle (F).

Patentanspriiche

1.

Hochdruckkraftstoffpoumpe mit zumindest einer
Pumpanordnung (10) und einer Antriebsanordnung
(20), wobei die oder jede Pumpanordnung (10) einen
Kolben (12) aufweist, der zur Hin- und Herbewegung
entlang einer Pumpachse (A-A’) ausgebildet ist, wo-
bei die Antriebsanordnung (20) ein Antriebsmittel
und eine Antriebswelle (22) aufweist, die einen Rei-
terzapfen (24) angegrenzt an ein vorderes Lager
(25) und ein hinteres Lager (26) aufweist, wobei der
Reiterzapfen (24) und zumindest das hintere Lager
(26) zueinander versetzte Achsen (B-B’, C-C’) auf-
weisen, wobei ein Reiter (30) auf den Reiterzapfen
(24) angepasst ist, um eine Bewegung des Reiters
(30) entlang eines exzentrischen Rotationspfads zu
bewirken, wobei der Reiter (30) zumindest eine nach
auflen weisende ebene Oberflache (34) zum Zu-
sammenwirken mit der Pumpanordnung (10) auf-
weist, wobei die Antriebsanordnung (20) eine hub-
steigemde Anordnung (40) aufweist, die zwischen
dem Reiter (30) und der Pumpanordnung (10) an-
geordnet ist, wobei die Hochdruckkraftstoffpumpe
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dadurch gekennzeichnet ist, dass die hubstei-
gernde Anordnung (40) zumindest zwei abgewinkel-
te Elemente (41, 42) aufweist, die konfiguriert sind
zum Umsetzen einer Bewegung entlang einer ersten
Achse (D-D’) zu entlang der Pumpachse (A-A’).

Die Pumpe gemaf Anspruch 1, wobei die Antrieb-
sanordnung (20) ein vergroRertes hinteres Lager
(26) aufweist, was eine Zunahme des Durchmessers
des hinteren Lagers (26) bis zu und einschlief3lich
des Durchmessers des Reiterzapfens (24) bedeutet,
wahrend die versetzten Achsen (B-B’, C-C’) beibe-
halten werden.

Die Pumpe gemal Anspruch 1, wobei die erste Ach-
se (D-D’) dieselbe ist wie eine Hin- und Herbewe-
gungsachse (D-D’) des Reiters (30) und die Pum-
pachse (A-A’) dieselbe istwie die Pumpachse (A-A’).

Die Pumpe gemaR einem der Anspriiche 1 oder 3,
wobei jedes abgewinkelte Element (41,42) zumin-
desteine planare Kontaktflache (41a, 42a) zum Kon-
takt mit einem anderen abgewinkelten Element (41,
42) aufweist und konfiguriert ist, in einem Winkel (F)
zu sowohl der ersten Achse (D-D’) als auch der Pum-
pachse (A-A’) angeordnet zu sein.

Die Pumpe gemal Anspruch 4, wobei der Winkel
(F) zwischen 30° und 70° betragt.

Die Pumpe gemafl einem der Anspriche 1 bis 5,
wobei zwei der abgewinkelten Elemente (41, 42) ei-
ne planare Eingriffsflache (41b, 42b) aufweisen zum
Eingriff mit einer Antriebskomponente (30) der An-
triebsanordnung (20) oder einer angetriebenen
Komponente (12) der Pumpanordnung (10).

Die Pumpe gemaf Anspruch 6, wobei die Ebene der
Eingriffsflache (41b) eines ersten abgewinkelten
Elements (41) in einer ersten Ausrichtung senkrecht
zu der ersten/ Reiter-Hin- und Herbewegungsachse
(D-D’) vorgesehen ist und die Ebene der Eingriffs-
flache (41b) eines zweiten abgewinkelten Elements
(42) in einer zweiten Ausrichtung senkrecht zu der
zweiten/Pumpachse (A-A’) vorgesehen ist.

Die Pumpe gemafl einem der Anspriche 1 bis 7,
wobei zwei der abgewinkelten Elemente (41, 42) ei-
ne gefiihrte Flache (41c, 42c) aufweisen, die in ei-
nem Winkel (F) zu der ihrer jeweiligen Kontaktflache
(41a, 42a) vorgesehen ist, fir einen geflhrten Gleit-
kontakt mit einer Flihrungsflache (41c, 42c), die von
dem Antriebsgehduse vorgesehen ist.

Die Pumpe gemafl einem der Anspriche 1 bis 8,
wobei die abgewinkelten Elemente (41, 42) einen
dreieckigen Querschnitt aufweisen.
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Die Pumpe gemalf einem der Anspriiche 8 oder 9,
wobei das Antriebsgehduse eine angepasste Kam-
mer (50) aufweist, die zwischen dem Reiter (30) und
dem Kolben (12) angeordnet ist, die zumindest zwei
Fuhrungsflachen (51a, 52a) fur einen Kontakt mit
den gefiihrten Flachen (41c, 42c) der abgewinkelten
Elemente (41, 42) aufweist.

Die Pumpe gemaf Anspruch 10, wobei die Kammer
(50) aufweist eine erste Fihrungsflache (51a), die
parallel zu der ersten/Hin- und Herbewegungs-Rei-
ter-Achse (D-D’) ist, die durch einen Vorsprung (53)
von einer Wand der ersten Kammer (50) vorgesehen
ist, und eine zweite Flhrungsflache (52a), die par-
allel zu der zweiten/Pumpachse (A-A’) ist und durch
eine zweite Kammerwand (52) vorgesehen ist.

Die Pumpe gemal Anspruch 11, wobei die erste ge-
fuhrte Flache (41c) konfiguriertist, teilweise die erste
Fihrungsflache (51a) zu Uberragen.

Die Pumpe gemaR Anspruch 12, wobei der Vor-
sprung (53) eine geneigte hintere Flache (51c) auf-
weist, die geformtist, abzufallen vor einem Ende der
ersten Kammerwand (51) und/oder vor einem Kon-
taktieren der zweiten Kammerwand (52).

Die Pumpe gemaR einem der Anspriche 4 bis 13,
wobei die abgewinkelten Elemente (41, 42) mit an-
deren abgewinkelten Elementen, die einen anderen
Winkel (F) aufweisen, austauschbar sind.

Revendications

Pompe a carburant a haute pression comprenant au
moins un assemblage de pompage (10) et un as-
semblage d’entrainement (20), le ou chaque assem-
blage de pompage (10) comprenant un plongeur (12)
agencé pour un mouvement de va-et-vient le long
d’'un axe de pompage (A-A’), 'assemblage d’entrai-
nement (20) comprenant un moyen d’entrainement
etunarbre d’entrainement (22) comprenant un palier
lisse pour cavalier (24) adjacent a un palier avant
(25) et a un palier arriere (26), le palier lisse pour
cavalier (24) et au moins le palier arriere (26) com-
prenant des axes décalés (B-B’, C-C’) I'un par rap-
port a I'autre, un cavalier (30) monté sur ledit palier
lisse pour cavalier (24) pour effectuer un déplace-
ment du cavalier (30) le long d’un trajet de rotation
excentrique, dans lequel le cavalier (30) comprend
au moins une surface plane tournée vers I'extérieur
(34) pour coopération avec ledit assemblage de
pompage (10), dans laquelle

'assemblage d’entrainement (20) comprend un
agencement d’amplification de course (40) disposé
entre le cavalier (30) et 'assemblage de pompage
(10),
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la pompe a carburant a haute pression étant carac-
térisée en ce que I'agencement d’amplification de
course (40) comprend au moins deux éléments en
angle (41, 42) configurés pour traduire un mouve-
ment le long d’'un premier axe (D-D’) en un mouve-
ment le long de I'axe de pompage (A-A’).

Pompe selon la revendication 1, dans laquelle I'as-
semblage d’entrainement (20) comprend un palier
arriere élargi (26), ce qui signifie une augmentation
du diamétre du palier arriére (26) jusqu’a inclure le
diametre du palier lisse pour cavalier (24), tout en
retenant les axes décalés (B-B’ ; C-C’).

Pompe selonlarevendication 1, danslaquelle le pre-
mier axe (D-D’) estle méme qu’un axe de va-et-vient
du cavalier (D-D) et 'axe de pompage (A-A’) est le
méme que 'axe de pompage (A-A’).

Pompe selon I'une quelconque des revendications
1 et 3, dans laquelle chaque élément en angle (41,
42) comprend au moins une surface de contactplane
(41a, 42a) pour venir en contact avec un autre élé-
ment en angle (41, 42), et est configuré pour étre
disposé sous un angle (F) a la fois vers le premier
axe (D-D’) et I'axe de pompage (A-A’).

Pompe selon la revendication 4, dans laquelle I'an-
gle (F) est entre 30° et 70°.

Pompe selon I'une quelconque des revendications
1a5, dans laquelle deux des éléments en angle (41,
42) comprennent une face d’engagement plane
(41b, 42b) pour engager un composant d’entraine-
ment (30) de 'assemblage d’entrainement (20), ou
bien un composant mené (12) de I'assemblage de
pompage (10).

Pompe selonlarevendication 6, dans laquelle le plan
de laface d’engagement (41b) d’'un premier élément
en angle (41) est prévu dans une premiére orienta-
tion perpendiculaire a I'axe de va-et-vient du cava-
lier/premier axe (D-D’) et le plan de la face d’enga-
gement (41b) d’un second élément en angle (42) est
prévu dans une seconde orientation perpendiculaire
a l'axe de pompage/second axe (A-A’).

Pompe selon 'une quelconque des revendications
1a7,dans laquelle deux des éléments en angle (41,
42) comprennent une face guidée (41c, 42c) prévue
sous un angle (F) par rapport a celui de sa face de
contact respective (41a, 42a) pour un contact cou-
lissant guidé avec une face de guidage (41c, 42c)
procurée par le boitier d’entrainement.

Pompe selon I'une quelconque des revendications
1 a 8, dans laquelle les éléments en angle (41, 42)
comportent une section transversale triangulaire.
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Pompe selon l'une quelconque des revendications
8 ou 9, dans laquelle le boitier d’entrainement com-
prend une chambre adaptée (50) disposée entre le
cavalier (30) et le plongeur (12), comprenant au
moins deux faces de guidage (51a, 52a) pour venir
en contact avec lesdites faces guidées (41c, 42c)
des éléments en angle (41, 42).

Pompe selon la revendication 10, dans laquelle la
chambre (50) comprend une premiére face de gui-
dage (51a) parallele a I'axe de va-et-vient du cava-
lier/premier axe (D-D’) constituée par une projection
(53) depuis une premiéere paroi de la chambre (50)
et une seconde face de guidage (52a) parallele a
I'axe de pompage/second axe (A-A’) et constituée
par une seconde paroi de la chambre (52).

Pompe selon la revendication 11, dans laquelle la
premiere face guidée (41c) est configurée pour sur-
plomber partiellement la premiére face de guidage
(51a).

Pompe selon la revendication 12, dans laquelle la
projection (53) comprend une face trainée en pente
(51c¢) conformée pour tomber en éloignement avant
une extrémité de la premiére paroi (51) de la cham-
bre et/ou avant de rencontrer la seconde paroi de la
chambre (52).

Pompe selon l'une quelconque des revendications
4 a 13, dans laquelle les éléments en angle (41, 42)
sont interchangeables avec d’autres éléments en
angle comprenant un angle différent (F).
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