
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

23
2 

04
7

A
1

TEPZZ¥ ¥ Z47A_T
(11) EP 3 232 047 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
18.10.2017 Bulletin 2017/42

(21) Application number: 17165362.9

(22) Date of filing: 06.04.2017

(51) Int Cl.:
F02M 59/10 (2006.01) F04B 1/04 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 12.04.2016 GB 201606297

(71) Applicant: Delphi International Operations 
Luxembourg S.à r.l.
4940 Bascharage (LU)

(72) Inventor: SHARIATI, Meghdad
Maidstone, Kent ME16 0XP (GB)

(74) Representative: Delphi France SAS
Patent Department 
22, avenue des Nations 
CS 65059 Villepinte
95972 Roissy CDG Cedex (FR)

(54) HIGH PRESSURE FUEL PUMP

(57) The invention relates to a high pressure diesel
fuel pump comprising a pumping assembly comprising
a plunger extending from a pump head along a pumping
axis (A-A’), a shoe (10) for contact with a lower end of
the plunger, a roller (11) mounted within a cavity (13) of
the shoe (10) for contact with a cam (2), and a shoe guide
(20) mounted within a guide chamber of the housing sub-

stantially between the cam (2) and the plunger and adapt-
ed to receive the shoe (10) and roller (11) within a bore
(23). The plunger is arranged for reciprocating linear
movement along the pumping axis (A-A’) upon rotation
of the cam (2). At least one side face (15a, 15b) of the
shoe (10) comprises a convex curve thereon.
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Description

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 adapt-
ed shoe for high pressure diesel fuel pumps.

DESCRIPTION OF THE RELATED ART

[0002] As shown in Figure 1, a typical high pressure
diesel fuel pump adopting a roller-shoe arrangement as
part of the drivetrain, comprises a plunger 1 extending
from a hydraulic head along a pumping axis A-A’. A plung-
er return spring is seated around the head and extends
to the top of a spring seat fixed near a lower end of the
plunger 1. The lower end of the plunger 1 contacts an
upper face 2a of a shoe 2. The shoe 2 slides within an
axial bore 4 (disposed along the pumping axis A-A’) of a
shoe guide 3. A roller 5 is mounted and retained within
an aperture provided at a lower end of the shoe 3 and
slides within the bore 4 with the shoe 3. The roller 5 con-
tacts a surface of a cam 6, which is driven to rotate in
direction D by a rotating driveshaft (not shown) to provide
upward sliding motion along the pumping axis A-A’.
[0003] As shown in Figure 2, during the pumping stroke
of the shoe 2, a ’leading’ or ’trust’ face 2a, hereafter re-
ferred to as the leading face, of the shoe 2 is lifted from
bottom dead centre (BDC) by sliding up one side of the
cam 6. Initially, the shoe 2 is generally in full contact with
a respective inside wall 4a of the bore 4. However, soon
thereafter, the shoe 2 tilts rapidly within the bore 4 of the
shoe guide 3, shifting a lower edge of the leading face
2a away from the inside wall 4a of the bore 4. The angle
of the leading face 2a relative to the inside wall 4a, gen-
erates a void between the leading face 2a and the re-
spective inside wall 4a of the bore 4, which forms a low
pressure region and results in cavitation of the leading
face 2a and/ or the inside wall 4a of the bore 4. In addition,
the tilt causes the shoe 2 to ’run’ on an upper edge of the
leading face 2a against the respective inside wall 4a,
which results in deterioration of the integrity of that upper
edge.
[0004] Once the shoe 2 reaches top dead centre
(TDC), during the pumping stroke, the shoe 2 slides down
on an opposite side of the cam 6 moving rapidly from
bore inside wall 4a towards bore inside wall 2b. This rapid
lateral movement also contributes to cavitation between
leading shoe face 2a and bore inside wall 4a.
[0005] Once the shoe 2 reaches bottom dead centre
(BDC), during filling stroke, the shoe 2 tilts swinging a
lower edge of a ’trailing’ face 2b away from the opposite
inside wall 4b. Also, the shoe 2 is rapidly moves from
bore inside wall 4b towards bore inside wall 4a, creating
a void between the trailing face 2b and the respective
inside wall 4b, resulting in low pressure and cavitation
as before. This time, the tilt causes the shoe 2 to ’run’ on

an upper edge of the trailing face 2b against the respec-
tive inside wall 4b, which results in deterioration of the
integrity of that upper edge.
[0006] Whilst cavitation has been observed on both
faces 2a, 2b of the shoe 2, due to the direction of rotation
of the cam 6, it is generally greater on a leading face 2a
than a trailing face 2b. Cavitation causes material erosion
on the shoe 2 and bore 4 faces. Freed particles are able
to travel to other parts of the system causing failures in
the entire fuel system, including pump and injector failure.
[0007] In order to prevent such inefficiencies and fail-
ures as a result of the cavitation, it is necessary to min-
imise cavitation.
[0008] It is an object of the present invention to address
one or more of the problems of known designs, particu-
larly, but not exclusively high pressure pumps.
[0009] Therefore, it is now desired to provide an im-
proved drivetrain arrangement for a high pressure fuel
pump that is capable of minimising cavitation, preferably
during at least the pumping stroke of the shoe. More par-
ticularly, it is desired to provide an improved shoe for a
drivetrain arrangement of a high pressure fuel pump.

SUMMARY OF THE INVENTION

[0010] In a first aspect of the present invention there
is provided a high pressure fuel pump adapted to be ac-
tuated by a rotating cam. The pump has a pump head
wherein a plunger is arranged for reciprocating linear
movement along the pumping axis within a pumping
chamber. The plunger performing a pumping cycle trans-
lating between TDC and BDC in a filling stroke and a
thereafter a pumping stroke. The pump is further provid-
ed with a shoe guided in a shoe guide, the shoe having
an upper face in contact with the plunger, an opposed
lower face shaped to receiving a roller for contact with
the cam and, between said faces, a side leading face
sliding along a side internal leading wall of said guide
and, an opposed side trailing face sliding along a side
internal trailing wall of said guide (20).
[0011] Advantageously, at least one side leading or
trailing face of the shoe comprises a convex curve ther-
eon.
[0012] By ’side face’, what is meant is a face of the
shoe that is not a face open to said roller; and by ’leading
face’ is meant a side face of the shoe that is biased to-
wards a corresponding internal side wall of the shoe
guide during the pumping stroke caused by the direction
of rotation of the cam, but biased away from that internal
side wall during the filling stroke. By ’trailing face’ is meant
a side face of the shoe opposite the leading face.
[0013] With this arrangement, the convex curve on the
side face functions to prevent the shoe from running on
an upper edge, since the curve encourages the shoe to
roll onto the side face during the pumping stroke. The
curve also reduces the volume of the void that is created
between the side face and the corresponding shoe guide
inner wall even at a high tilting angle. In turn, this reduces
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cavitation.
[0014] More precisely, the shoe is provided with a cav-
ity, shaped in its lower face, the roller being mounted
within said cavity.
[0015] Furthermore, the leading face and the trailing
face of the shoe may both comprise a convex curve ther-
eon.
[0016] Although the leading and trailing faces may
have different profiles, in an embodiment the leading and
of the trailing faces are symmetrical relative to the pump-
ing axis, the convex curves matching together. Alterna-
tively in another embodiment, the leading and trailing fac-
es are symmetrical relative to an axis perpendicular to
the pumping axis.
[0017] Anyway, the convex curve extends across at
least a part of the respective side face between a top
edge of said side face with said upper face to, a bottom
edge of said side face with said lower face.
[0018] Particularly, the convex curve extends from the
top edge or from the bottom edge of the respective side
face.
[0019] Also, the convex curve may extend across the
whole of the respective side face from the top edge to
the bottom edge thereof.
[0020] Preferably, the convex curve comprises a con-
sistent curve profile across the respective side leading
or trailing face. By ’consistent’ is meant that the convex
curvature of the face is smooth, constant or evolving
slowly, without accident or rough changes. The curvature
is uniform or, if nonuniform it is gradually shallowing.
[0021] More precisely, the convex curve comprises a
radius of between 100 mm and 400 mm, and preferably
of approximately 200 mm.
[0022] Furthermore, the shoe may comprise a cham-
fered upper edge. Preferably, the chamfered upper edge
comprises at least two opposing sloped portions extend-
ing between the upper face flat plunger-engaging surface
and respective side faces of the shoe.
[0023] More precisely, the pump is a diesel pump.
[0024] The invention further extends to a shoe adapted
to be arranged in a high pressure fuel pump as described
above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] For a 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 cross-sectional partial view of a prior
art pumping assembly and drivetrain assembly of a
high pressure diesel fuel pump at bottom dead centre
(BDC);
Figure 2 is cross-sectional partial view of a prior art
shoe guide and shoe as part of the drivetrain assem-
bly of Figure 1 in use;
Figure 3 is a schematic cross-sectional partial view

of a shoe and shoe guide for a drivetrain assembly
of a high pressure fuel pump according to an em-
bodiment of the invention in use during a pumping
stroke; and
Figure 4 is a schematic cross-sectional partial view
of the shoe and shoe guide for the drivetrain assem-
bly of Figure 3 during a filling stroke.

DETAILED DESCRIPTION OF THE EXEMPLARY EM-
BODIMENTS

[0026] An embodiment of the invention is shown in Fig-
ures 3 and 4. A high pressure diesel fuel pump comprises
a pumping assembly (not shown) comprising a plunger
(not shown) extending from a pump head (not shown)
along a pumping axis A-A’. A shoe 10 is in contact with
a lower end of the plunger and a roller 11 is mounted
within a cavity 13 of the shoe 10 for contact with a cam
2. The pump also comprises a shoe guide 20 mounted
within a guide chamber (not shown) of the housing sub-
stantially between the cam 2 and the plunger and adapted
to receive the shoe 10 and roller 11 within a bore 23
thereof, wherein the plunger is arranged for reciprocating
linear movement along the pumping axis A-A’ within a
pumping chamber (not shown) of the housing. One side
face 15a, 15b of the shoe 10 comprises a convex curve
thereon.
[0027] The shoe 10 comprises an upper face 12a and
a lower face 12b. The cavity 13 for the roller 11 is provided
in the lower face 12b, whilst a plunger contact surface is
provided by the upper face 12a. Between the upper face
12a and the lower face 12b are a pair of opposing end
faces 14a and 14b (only one shown) and a pair of op-
posing side faces comprising a leading face 15a and a
trailing face 15b. The cavity 13 for the roller 11 extends
between the pair of end faces 14a and is open to both
end faces 14a. The leading face 15a and the trailing face
15b are closed to the cavity 13.
[0028] The shoe 10 is generally cuboidal, with the lead-
ing face 15a and the trailing face 15b being elongate
compared with the end faces 14a. At the junction between
the leading face 15a and the trailing face 15b with the
respective end faces 14a, the shoe 10 comprises blunted
corners 18. The shoe 10 is sized for a sliding fit with the
bore 23 of the shoe guide 20 between two pairs of re-
taining walls, comprising end retaining walls (not shown)
and side retaining walls 25a, 25b. The cavity 13 compris-
es a half-cylindrical open-ended aperture sized to ac-
commodate the rotating roller 11.
[0029] In the embodiment shown, both the leading face
15a and the trailing face 15b comprise a convex curve.
The curve extends substantially from the upper face 12a
of the shoe 10 to the lower face 12b of the shoe 10. The
curve also extends substantially across the whole of the
respective leading face 15b and trailing face 15b between
the two end faces 14a, 14b of the shoe 10 and as such
covers substantially the whole of the respective leading
face 15a and the trailing face 15b. However, it is to be
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appreciated that to have an advantageous effect, the
curve may either: only extend from the upper face 12a
of the shoe 10 to part way down the respective leading
face 15a or the trailing face 15b, and as such may cover
from at least 50% of a depth of the respective leading
face 15a or the trailing face 15b; and/or only extend from
the across a portion of the respective leading face 15a
or the trailing face 15b of the shoe 10 between the two
end faces 14a, 14b, and as such may cover from at least
50% of a length of the respective leading face 15a or the
trailing face 15b.
[0030] The curve on the leading face 15a and the trail-
ing face 15b comprise a uniform curve-profile. The curve
profile comprises a curve with a radius of approximately
200 mm thereacross. However, it is to be appreciated
that the curve profile may be non-uniform and could, for
example comprise a gradually shallowing curve across
the depth and/or the length of the respective leading face
15a or the trailing face 15b.
[0031] The curve profile of both the leading face 15a
and the trailing face 15b are substantially the same in
order to maintain balance to the shoe 10.
[0032] Since a ’leading’ face is characterised by the
direction D of rotation of the cam 2, as the side face of
the shoe 10 that is biased towards a corresponding in-
ternal wall of the bore 25 of the shoe guide 20 during the
pumping stroke, but biased away from that internal wall
during the filling stroke, in the Figures, the leading face
has been designated as side face 15a and the leading
internal wall as 25a where the direction D is clockwise.
However, it is to be appreciated that either of said side
faces 15a, 15b may be configured to comprise the leading
face of the shoe 10 and either of said walls 25a, 25b of
the guide 20 may comprise the corresponding leading
internal wall, with the remaining opposing side face 15a,
15b and corresponding internal wall 25a, 25b taking on
the function of a trailing face and trailing internal wall.
Accordingly, in the event that the direction D of rotation
of the cam 2 was reversed, side face 15b would be the
leading face and internal wall 25b would be the leading
internal wall.
[0033] During assembly, the shoe 10 is disposed in the
bore 23 of the shoe guide 20 such that the end faces 14a
of the shoe 10 contact the internal end walls and the
leading face 15a and the trailing face 15b contact the
internal leading wall 25a and the internal trailing wall 25b
respectively. The cavity 13 for the roller 11 is orientated
downwardly towards the cam 2. Therefore, the convex
curve of each of the leading face 15a and the trailing face
15b span substantially across an entire width of the in-
ternal leading wall 25a and the internal trailing wall 25b
respectively.
[0034] In the described embodiment, both side faces
15a, 15b incorporate such a convex curve since both
side faces 15a, 15b are prone to cavitation during the
process pumping and filling stroke respectively. Howev-
er, since greater cavitation is generally observed in the
prior art on the leading face, in this case 15a, and re-

spective inside wall, in this case 25a, it also means that
either side face 15a, 15b is capable of performing as the
leading face and as such, the shoe 10 can be used in
either of two orientations and still function as intended,
which minimises assembly issues. It is to be appreciated
therefore, that only one of said side faces 15a, 15b may
be provided with the convex curve to be orientated as
the leading face during assembly.
[0035] In use, as the cam 2 rotates in direction D to
push the shoe 10 up to top dead centre (TDC), as shown
in Figure 3, the leading face 15a is tilted to lean towards
inside wall 25a. The curve on the leading face 15a pre-
vents the shoe 10 from running on the top edge of the
leading face 15a. The curve on the leading face 15a min-
imises the space between itself and the inside wall 25a
caused by the tilt. Furthermore, the curve on the opposite
trailing face 15b minimises the space created between
itself and the inside wall 25b. Where spaces are reduced,
cavitation is reduced.
[0036] In contrast, as the cam 2 continues to rotate in
direction D to drop the shoe 10 from TDC toward bottom
dead centre (BDC), as shown in Figure 4, instead the
trailing face 15b is tilted to lean towards inside wall 25b.
The curve on the trailing face 15b prevents the shoe 10
from running on the top edge of the trailing face 15b. The
curve on the trailing face 15b minimises the space be-
tween itself and the inside wall 25b caused by the tilt.
Furthermore, the curve on the opposite leading face 15a
minimises the space created between itself and the in-
side wall 25a.
[0037] By ’high pressure fuel pump’, it is intended to
mean a pump operating at 2000 bars and above which
is typically the case for a diesel pump but, despite this,
the invention can be utilized for another type of pump
such as a gasoline pump.
[0038] Although a few preferred embodiments have
been shown and described, it will 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 adapted to be actuated
by a rotating cam (2), the pump having a pump head
wherein a plunger is arranged for reciprocating linear
movement along the pumping axis (A-A’) within a
pumping chamber; the pump being further provided
with a shoe (2) guided in a shoe guide (20), said
shoe (2) having an upper face (12a) cooperating with
the plunger, an opposed lower face (12b) shaped to
receiving a roller (11) for contact with the cam (2)
and, between said upper and lower faces (12a, 12b),
a side leading face (15a) sliding along a side internal
leading wall (25a) of said guide (20) and, an opposed
side trailing face (15b) sliding along a side internal
trailing wall (25b) of said guide (20), characterised
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in that
at least one of said side leading or trailing face (15a,
15b) of the shoe (2) comprises a convex curve ther-
eon.

2. The pump according to claim 1, wherein both the
leading face (15a) of the shoe (20) and the trailing
face (15b) of the shoe (10) comprise a convex curve
thereon.

3. The pump according to claim 2, wherein the leading
face (15a) and of the trailing face (15b) are symmet-
rical, the convex curves matching together.

4. The pump according to any one of claims 1 to 3,
wherein the convex curve extends across at least a
part of the respective side face (15a, 15b) between
a top edge of said side face (15a, 15b) with said
upper face (12a) to, a bottom edge of said side face
(15a, 15b) with said lower face (12b).

5. The pump according to claim 4, wherein the convex
curve extends from the top edge of the respective
side face (15a, 15b).

6. The pump according to any one of claims 4 or 5,
wherein the convex curve extends across the whole
of the respective side face (15a, 15b) from the top
edge to the bottom edge thereof.

7. The pump according to any one of claims 1 to 6,
wherein the convex curve comprises a consistent
curve profile across the respective side leading or
trailing face (15a, 15b).

8. The pump according to any one of claims 1 to 7,
wherein the convex curve comprises a radius of be-
tween 100 mm and 400 mm and preferably of ap-
proximately 200 mm.

9. The pump according to any one of claims 1 to 8,
wherein the pump is a diesel pump.

10. A shoe (10) adapted to be arranged in a high pres-
sure fuel pump as claimed in any one of the preced-
ing claims.
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