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(54) HIGH-PRESSURE FUEL PUMP

(57) A high pressure fuel pump for an internal com-
bustion engine comprises a pumping unit (18) comprising
a body (20) with a bore (22) therein and a plunger (26)
reciprocally movable in the bore, the plunger having a
front portion defining, with said bore, a pressure chamber
(30) in said bore and an opposite foot portion (32). Drive
means are provided for driving the plunger by its foot
portion, the drive means comprise a cam ring (40) ar-
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FIG. 7

ranged to be rotatable about an axis (A), the cam ring
having an inner cam surface (42). The pumping unit (18)
is positioned so as to be surrounded by the cam ring (40)
with the plunger foot portion (32) arranged to follow said
inner cam surface (42) of said cam ring (40) in such a
way that the rotation of the cam ring causes the plunger
to reciprocate in the bore (22).
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Description
INVENTION FIELD

[0001] The present invention generally relates to the
field of internal combustion engines and more specifically
to a high pressure fuel pump, in particular to a high pres-
sure fuel pump for a common rail fuel injection systemin
a diesel engine.

BACKGROUND OF THE INVENTION

[0002] As itis well known in the art, the high pressure
fuel pump is the interface between the low pressure and
high pressure stages of fuel delivery of an internal com-
bustion engine. lts function is to make sure that there is
always sufficient fuel under high pressure in all engine
operation conditions. At the same time, the high pressure
pump must operate for the entire service life of a vehicle.
Furthermore, a fuel reserve has to be provided for exam-
ple for a quick start or rapid pressure rise in the common
rail. As a result, the high-pressure pump supplies con-
stantly high pressure fuel to the commonrail independent
of the requirement of the injection process.

[0003] Such a common rail high pressure fuel pump
is, e.g., disclosed in EP 2 093 421. A pump housing ac-
commodates a set of 3 pumping units driven by a drive
shaft rotatably supported in the pump housing. The
pumping units are radially arranged with respect to the
drive shaft, and circumferentially spaced by 120°. They
include each a plunger reciprocal-ly movable in a bore
to form a pressure chamber. The drive shaft comprises
an eccentric segment located inside the housing and an
outer ring member is provided to the drive shaft eccentric
segment. This ring member has, at its outer periphery,
three flat surfaces at an offset of 120° with each other;
and each pump plunger rests on such a flat surface of
the ring member. A return spring is provided to prestress
the pump plunger bottom against the flat surface of the
ringmember. Inoperation, the drive shaft’s eccentric sec-
tion is rotated with respect to the ring member, causing
displacement of the flat surfaces in radial direction. The
flat surfaces of the ring member move in cyclic order,
alternately towards and away from the axis of rotation of
the drive shaft, forcing the pump plungers to axially move
reciprocally in the bore.

[0004] The above design of high pressure fuel pumps
using pumping units driven by a central drive shaft with
eccentric is widely used. However, it has been observed
that the durability expectations place the existing plunger
return spring design at the very limit of the material prop-
erty. Infact, the plunger return spring, to maintain contact
between the plunger end and the shaft eccentric seg-
ment, extends and compresses many millions of times
to perform its function. The failure of the spring is thus of
concern.

[0005] Furthermore, the design with several circumfer-
entially positioned pumping units takes up package
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space and creates a pump with an unfavourable footprint.
Afurther possible issue of concern in the known solutions
is leakage, especially where the pumping unit is bolted.

OBJECT OF THE INVENTION

[0006] The object of the presentinvention is to provide
a high pressure pump having an improved design. This
object is achieved by a high pressure fuel pump as
claimed in claim 1.

SUMMARY OF THE INVENTION

[0007] According to the presentinvention, a high pres-
sure fuel pump for an internal combustion engine com-
prises a pumping unit comprising a (fixed) body with a
bore therein and a plunger reciprocally (axially) movable
in the bore, the plunger having a front portion defining,
with said bore, a pressure chamber in said bore and an
opposite foot portion; and drive means for driving the
plunger by its foot portion.

[0008] It shall be appreciated that the drive means
comprise a cam ring arranged to be rotatable about an
axis, the cam ring having an inner peripheral surface de-
fining an inner cam surface. The pumping unit is posi-
tioned so as to be surrounded by the cam ring with the
plunger foot portion being arranged to follow the inner
cam surface of the camring in such away that the rotation
of the cam ring causes the plunger to reciprocate in its
respective bore.

[0009] The present high pressure fuel pump proposes
a design wherein pumping unit is surrounded by the cam
ring and in fact completely contained in the pump assem-
bly. Accordingly, in case of failure of the pumping body,
fuel will not leak outward but inside the cam ring, which
is itself surrounded by the pump housing.

[0010] Anotheradvantageous aspect of the presentin-
vention is that the use of a surrounding cam ring allows
the use of an abutment means to maintain the plunger
foot portion in driving engagement with the inner cam
surface that has a fixed length. Hence, contrary to con-
ventional pumps using coil springs to maintain the con-
tact between the plunger and the driving cam surface,
there is no issue of spring high cycle fatigue. The abut-
ment means preferably comprise a spacer element ex-
tending in the reciprocating direction of the plunger hav-
ing a length selected in such a way that, in any position
of the cam ring, a first end of said spacer is in contact
with said foot portion of said plunger, while the opposite
second end of said spacer rests against said inner cam
surface. The spacer element is axially moveable in the
reciprocating direction of said plunger, so thatit may keep
a fixed length during pump operation.

[0011] In one embodiment, the spacer element may
take the form of a U-shaped element having two legs
united by a transverse bottom section, the outer ends of
the legs forming the first end of the spacer element,
whereas the second end of the spacer element is formed



3 EP 3 091 220 A1 4

by the bottom section. The legs of the spacer element
may then be placed on both sides of the pumping body
(e.g. having an elongate shape in the reciprocating di-
rection of the plunger) to asssit in the axial guiding of the
spacer element.

[0012] The spacer element may be made from a resil-
ient material, preferably metallic, in particular steel, to
provide a pre-loading force.

[0013] Preferably, the plunger foot portion rests
against the inner cam surface via a skid element, the foot
potion being pressed against said skid by the first end of
the spacer element; and the second end of the spacer
element rests against the inner cam surface via another
skid element. The skid elements, which assist in the con-
version between rotational and axial movements, may
be configured as rectangular pads having a curved side
in contact with the cam surface and an opposite flat side
against which the plunger foot portion or spacer element
rests.

[0014] For ease of implementation, the inner cam sur-
face may be a circular surface having a center axis offset
with regard to the rotation axis of the cam ring. The inner
cam surface may thus be referred to as eccentric cam
surface. However, those skilled in the art may devise
other cam surface shapes, for example to increase the
number of strokes per cam ring revolution.

[0015] Classically, the pump may comprise a housing
with a back plate on which the body is fixedly arranged
and a cover having an inner cylindrical cavity accommo-
dating the revolving cam ring. The camring is rotationally
driven by a revolving drive shaft, which may be made in
one piece (integral) with the cam ring or rotationally cou-
pled thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The presentinvention will now be described, by
way of example, with reference to the accompanying
drawings, in which:

Figure 1: is a cross sectional view (along the drive
shaft axis) through an embodiment of the present
high pressure fuel pump;

Figure 2: is an exploded view of the high pressure
fuel pump of Fig.1;

Figure 3: is a view of the cam ring assembly from
the inside;

Figure 4: is a sectional view of the high pressure fuel
pump of Fig.1 at TDC;

Figure 5: is a sectional view of the high pressure fuel
pump during a compression stroke;

Figure 6: is a sectional view of the high pressure fuel
pump at BDC; and

Figure 7: is a sectional view of the high pressure fuel
pump during a fill stroke.
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DETAILED DESCRIPTION OF A PREFERRED EM-
BODIMENT

[0017] Figure 1 shows a cross section of an embodi-
ment of the present high pressure fuel pump 10 for sup-
plying fuel to a fuel injection system in an internal com-
bustion engine. The pump is used, for example, in a com-
mon rail injection system for supplying fuel to the internal
combustion engine.

[0018] Suchapump typically receives the fuel from the
vehicle tank at about 2 to 5 bars and delivers a high pres-
sure of up to 2000 bars and even higher to the common
rail of the fuel injection system. The common rail in turn
supplies the fuel to the fuel injectors.

[0019] The pump 10 comprises a housing generally
indicated 12, which includes a front cover 14 fixed to a
plate 16 also referred to as 'back plate’. Inside the hous-
ing 12, a pumping unit 18 also referred to as ‘pumping
head’ is fixedly positioned to the back plate 16. This
pumping unit 18 comprises a body 20 having a blind bore
22 therein. The body 20 may have an elongate block
shape, e.g. parallelepipedic, and may be manufactured
in one part with the back plate or is fixed thereto in any
appropriate way. The bore 22 extends from one of the
two end faces 24a and 24b of the body 20. A piston or
plunger 26 is reciprocally movable in the bore 22 of the
body and has a matching diameter inside the bore. A
front portion 28 of the plunger defines with the bore a
pressure chamber 30. The plunger 26 of the pumping
unit 18 further comprises a foot portion 32, which may
include an end plate 34.

[0020] Although not shown in the drawings, the bore
22 has aninlet for supplying fuel to the pressure chamber
30 and an outlet for delivering pressurized fuel. In fact
the inlet provides fuel from the tank to the pressure cham-
ber 30 and the outlet allows delivering fuel under high
pressure to the common rail and towards the injectors of
the internal combustion engine. Both, the inlet and outlet
may be each controlled by a respective valve unit allow-
ing or obturating the flow of fuel therethrough.

[0021] Pump 10further comprises drive means for driv-
ing plunger 26 by its foot portion 32. The drive means
comprise a cam ring 40 having an inner peripheral sur-
face 42 outlining an inner cam surface. The cam ring 40
is driven in rotation by a drive shaft 43 that is rotatably
mounted in the housing 12.

[0022] From Fig.2, it can be seen that the pumping unit
18 is positioned so as to be surrounded by the cam ring
40. As will be explained in more detail below, the foot
portion 32 of the plunger is configured to follow the cam
surface 42 of the cam ring to cause the reciprocal motion
of the latter.

[0023] As it will be understood by those skilled in the
art, the cam ring 42 may herein generally take the form
of a solid ring having an outer peripheral surface 44 and
an inner peripheral surface 42 that are radially separated
by the body of the ring. The inner peripheral surface 42
herein forms the desired surface for driving the plunger
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26 and is thus designated "inner cam surface". As can
be seen in Figs. 1 to 3, the cam ring 40 is preferably
closed on one side by a cover plate 44, on the other side
of which the drive shaft 43 is connected.

[0024] The cam ring 40 can be manufactured in any
appropriate way. One can e.g. start from a circular solid
cylinder or disk and machine therein a circular bore to
obtain a ring element. Preferably, as shown in Figs 1 to
3, the ring element is manufactured from such disk but
the circular bore is machined as blind bore, so that the
cam ring 40 includes the cover 44. The drive shaft 43
may be manufactured in one piece with such cam ring
and cover, or simply assembled to the cam ringand cover
element.

[0025] Inthe presentembodiment, the outer peripheral
surface 44 of cam ring 40 is a circular surface having a
central axis A that defines the revolving axis of cam ring
40. The cam surface 42 is a circular surface, the center
A’ of which is offset with respect to the ring axis A. The
inner cam surface 42 is thus also referred to as eccentric
cam.

[0026] Turning now again to Fig.4, it can be readily
seen that the pumping unit 18 is surrounded by the cam
ring 40. The pumping unit extends across the cam ring
with the end faces 24a, 24b of the pumping body 20 facing
the inner cam surface 42, and fits inside the cavity defined
by the cam ring (appropriate depth is thus required). In
use, this cavity is filled with fuel. For this purpose, the a
fuel inlet (receiving low pressure fuel from the tank) and
afuel outletare providedinthe back plate, with respective
valve means, to control the flow of fuel through the cavity.
[0027] It shall be appreciated that the foot portion 32
of the plunger is arranged to follow the inner cam surface
42 of the cam ring 40 in such a way that the rotation of
the cam ring causes the plunger 26 to move axially in
bore 22, thereby reciprocally driving the plunger.
[0028] This is advantageously achieved in the present
embodiment by means of a spacer element 48, that can
also be generally referred to as abutment means, in order
to maintain the contact between the foot portion 32 and
the driving inner cam surface 42. The spacer element 48
extends in the reciprocating direction of the plunger and
has a length selected in such a way that, in any position
of the camring, a first end of the spacer is in contact with
the plunger foot portion, while the opposite second end
of the spacer rests against the inner cam surface. But
contrary to a conventional spring, the spacer element’s
length remains substantially constant during operation
and is not designed to undergo deformation.

[0029] In the shown embodiment, the spring clip 48
has two legs 50 united by a transverse bottom section
52. The free ends 54 of the legs form the first end of the
spacer, whereas the second end of said spacer is formed
by said bottom section 52.

[0030] The spring clip is preferably made of a material
with some resilience, typically a metallic material, e.g.
steel.

[0031] Although the spring clip is not designed to un-
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dergo deformation in use (contrary to the conventional
return spring as in EP 2 093 421), it however supports a
slightload to prestress the plunger foot portion 32 against
its respective skid 56.

[0032] Figs. 4 to 7 schematically illustrate the pump 10
in four operational configurations. The spring clip 48 is
used to acts as spacer or stud so that the plunger foot
32 can follow the cam surface 42. When the eccentric
cam surface 42 rotates, the distance between the cam
surface 42 and top body surface 24a changes. Spring
clip 48 ensures contact between the foot portion 32 and
cam surface 42, causing the plunger 26 to reciprocate in
bore 22.

[0033] It may be noticed that spring clip 48 is movable
in the reciprocating direction of plunger 26 and actually
is preferably designed to have its branches 48 slide along
the outer flat sides of body block 20, aligning the clip 48
in its sliding direction.

[0034] It may be further noticed that the spring clip 48
rests at both ends onto the cam surface 42 via respective
skid elements 56. The skids 56 are configured as inter-
face elements that aid to convert the circular motion of
the eccentric cam surface 42 into a linear motion. The
skid element 56 here takes the form of a rectangular pad
having a curved side 58 in contact with the cam surface
and an opposite flat side 60 against which the plunger
foot portion 34, , respectively the clip bottom, rests.
Hence, the plunger 26 and spring clip 48 technically rest
indirectly against cam surface 42 via the respective skid
elements 56.

[0035] The curved surface 58 of the skid 56 has a cur-
vature radius preferably matching that of the cam surface
42. The dimensions of the flat side 60 are chosen to main-
tain contact with the foot portion 34 as the skid moves
transversely with respect to the spring clip 48, as will be
explained below. Since the inner cavity of the cam ring
40 is filled with fuel, a film of fuel exists between the skid’s
curved surface 48 and the inner cam surface 42, facili-
tating the sliding.

[0036] The operation of the pump 10 will now be ex-
plained with reference to Figs. 4 to 7. Starting with Fig.4,
the plunger 26 is at the top-most position (TDC) in the
chamber 30. The thicker part of the eccentric cam 40 is
located below the pumping body, the bottom face 24b
thereof being very close to the skid; whereas the thinner
part of the cam ring 40 is above the plunger foot portion
32. This position corresponds to the end of the filling
stroke, the pressure chamber 30 has its largest volume
and is filled with fuel.

[0037] As the cam ring rotates (counter clockwise with
respectto the Figs.), the thicker part of cam ring 40 moves
to the side and the camring portion above the foot portion
32 becomes thicker. This causes the plunger 26 to move
into the bore 22 of pumping body 20: this is the pumping
stroke.

[0038] In the configuration of Fig. 6 the cam ring’s 20
thicker portion is above the foot portion 32 and the plung-
eris fully into the bore 22. This corresponds to the bottom
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dead center (BDC). Shortly before reaching that position,
the outlet valve has been opened to evacuate the pres-
surized fuel. In the BDC the chamber is thus empty.
[0039] Furtherrotation of the cam ring 40 from the BDC
gradually reduces the thickness above the foot portion
32, operating a new pumping stroke, as can be under-
stood from Fig.7. Hence, a full cycle of the pump 10 is
achieved through a single rotation of the cam ring 40.
[0040] Turning back to Fig.4, it may be observed that
in this configuration, the foot portion 32 and spring clip
base 52 are centered on their respective skids 56. Here,
the rotation axis of the cam ring A and center A’ of the
eccentric cam surface 42 are vertically aligned (with ref-
erence to the figure). When the cam ring 40 makes one
rotation, the center A’ of the circular cam surface 42 ro-
tates around the fixed center A of the cam ring 40. Due
to the eccentricity, and since the skids 56 are maintained
at diametrically opposite position by the fixed length clip
48, the skids 56 need to move to follow the curvature of
the inner cam surface 42. Since the pumping body 20 is
fixed and the clip 48 can only move in the plunger’s re-
ciprocating direction, the width of the skid flat surface 60
needs to be designed to allow relative displacement of
the plunger flat end 34, respectively clip base 52.
[0041] Some preferred operational details may be de-
scribed for the sake of completion. The rotation axis A of
the cam ring (center of outer peripheral surface 44) pref-
erably crosses the central axis B of the bore 22 (defining
the plunger’s reciprocating axis). In the TBC and TDC
configuration, the rotation axis A and the cam center A’
are aligned on the central axis B. The distance A-A’ is
the maximum stroke of the pumping unit. In practice, the
offset distance A-A’ may be selected in the range of 2 to
6 mm.

[0042] Also, the length Lg (Fig.6) of the flat side 60 of
the skid 56 should be at least equal to the length of the
flat side Lg plus twice the offset distance A-A’.

[0043] From the above, it will further appear that the
height of the spring clip 48 corresponds to the diameter
of the inner cam 42 minus the thickness ¢ (Fig.6) of the
two skids 56. Since the skids are able to move relative
to the spring clip 48, the spring clip 48 keeps its length.
[0044] As it may be noticed from Fig.1, the cover 14
comprises a cylindrical section 144 surrounding the cam
ring 40 and a front plate 14, axially blocking the cam ring
40. The inner diameter of cylindrical section 14, is adapt-
ed to serve as bearing to rotatably accommodated cam
ring 40. Front plate 141 has a central opening 14, for the
drive shaft 43. If desirable, this central opening 145 may
further be shaped as a bearing section to assist in the
rotation of the drive shaft 43 and particularly take up load
applied on the external portion of the drive shaft 43, e.g.
by a driving belt.

[0045] The above embodiment is only one possible
embodiment of the presentinvention and has been given
for illustration purposes. The actual shape of the various
components may differ from what has been presented.
[0046] In particular, while in the above embodiment a
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U-shaped spring clip is used as abutment means, those
skilled on the art may devise other designs for the abut-
ment means. For example, the inner cam surface could
comprise a groove and the plunger foot portion could be
engaged partially in such groove by a terminal extension
that is blocked in radial direction.

[0047] Another way to explore may be to vary the
shape of the inner cam surface, e.g. in order to perform
more than one couple of in and out strokes per cam ring
revolution.

[0048] Stillin a further embodiment, a couple of pump-
ing units could be arranged in the cavity of the cam ring
40. The two plungers could be made axially integral in
movement, whereby only one abutment means/spring
clip may be used. The two pumping units could also be
arranged in an axially inverted fashion (one plunger up-
wards, the other downwards). In such case, the abutment
means may simply consist in a blocking link that makes
the two plungers axially locked.

Claims

1. Ahigh pressure fuel pump for an internal combustion
engine comprising:

a pumping unit (18) comprising a body (20) with
a bore (22) therein and a plunger (26) recipro-
cally movable in said bore, said plunger having
a front portion defining, with said bore, a pres-
sure chamber (30) in said bore and an opposite
foot portion (32);

drive means for driving said plunger by its foot
portion;

characterized in that

said drive means comprise a cam ring (40) ar-
ranged to be rotatable about an axis (A), said
cam ring having an inner cam surface (42);
said pumping unit (18) is positioned so as to be
surrounded by said cam ring (40) with said
plunger foot portion (32) arranged to follow said
inner cam surface (42) of said cam ring (40) in
such a way that the rotation of said cam ring
causes said plunger to reciprocate in said bore
(22); comprising abutment means configured to
maintain the foot portion (32) of said plunger (26)
in driving engagement with said inner cam sur-
face (42),

wherein said abutment means comprise a spac-
er element (48) extending in the reciprocating
direction of said plunger having a length select-
ed in such a way that, in any position of the cam
ring, a first end of said spacer is in contact with
said foot portion of said plunger,

wherein said plunger foot portion (32) rests
against said inner cam surface via a skid (56)
element, said foot potion being pressed against
said skid by the first end of said spacer element;
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and the second end of said spacer element (48)
rests against said inner cam surface via another
skid element (56).

The pump according to claim 1, wherein said
inner cam surface (42) is a circular surface hav-
ing a center axis (A’) offset with regard to said
rotation axis (A) of said cam ring (40).

The pump according to claim 1, wherein said spacer
element (48) is axially moveable in the reciprocating
direction of said plunger.

The pump according to claim 1, wherein said skids
are configured as rectangular pads having a curved
side in contact with the cam surface and an opposite
flat side.

The pump according to claim 1 to 4, wherein

said pumping unit body (20) has an elongate shape
in the reciprocating direction of said plunger (26);
said spacer element (48) is a U-shaped element hav-
ing two legs (50) united by a transverse bottom sec-
tion (52), the outer ends of said legs forming the first
end of said spacer element, whereas the second end
of said spacer element is formed by said bottom sec-
tion;

said legs (50) of said spacer element are placed on
both sides of said body for its axial guiding.

The pump according to any one of claims 1 to 5,
wherein said spacer elementis made from aresilient
material, preferably metallic, in particular steel, to
provide a pre-loading force.

The pump according to any one of the preceding
claims, comprising a housing with a backplate on
which said body is fixedly arranged and a cover hav-
ing an inner cylindrical cavity accommodating the
revolving cam ring.

The pump according to any one of the preceding
claims, wherein said camring (40) is rotationally driv-
en by a revolving drive shaft (43), said drive shaft
being integral with said cam ring or rotationally cou-
pled thereto.
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