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(54) HIGH PRESSURE DIESEL FUEL PUMP

(67)  The invention discloses a high pressure diesel
fuel pump (10) comprising a pressure limiting assembly
(20, 30) communicable with a cambox 11. The pressure
limiting assembly (20, 30) comprises a housing (21) with
a plunger chamber (22, 32) at an open end (21a) with a
plunger (23) located therein and a spring chamber (24,
34) at a second (opposite) end (21b) with a spring (25)
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disposed therein. The housing (21) comprises at least
one standard damping orifice (27, 37) linking the spring
chamber (24, 34) with areturn fuel line (12), and an outlet
(28) linking the plunger chamber (22, 32) with the return
fuelline (12). The housing (21) further comprises at least
one variable damping orifice (40, 50) linking the spring
chamber (24, 34) with the return fuel line (12).
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Description
BACKGROUND
Technical Field

[0001] The present invention relates generally to the
field of high pressure diesel fuel pumps. More particular-
ly, but not exclusively, the present invention concerns a
pressure limiting assembly for high pressure diesel fuel
pumps.

Description of the Related Art

[0002] Asitis wellknowninthe art, diesel internal com-
bustion engines comprise a low-pressure fuel pump in
order to feed fuel from a fuel tank to a high pressure fuel
pump, which in turn delivers high pressure fuel to the
common rail connected to a set of fuel injectors.

[0003] The high pressure fuel pump typically compris-
es one or a plurality of pumping units disposed about a
rotating driveshaft with a cam. Each of the pumping units
comprises a plunger and the cam drives the plungers
along respective pumping axes. The driveshaft and cam
are located within a cambox of a pump housing.

[0004] As shown in Figure 1A, a low pressure fuel
pump (not shown) supplies fuel through a low pressure
fuel line 2 at low pressure into the cambox 3 of a high
pressure fuel pump 1. The fuel serves as a lubricant and
essentially a cool flow of fuel for front and rear bearings
4, 5 of a rotating drive shaft, as well as supplying fuel to
the pumping chambers (not shown) and pumping head
6. The pumping head 6 sends the fuel at high pressure
down a high pressure fuel line 7 to the common rail and
fuel injectors (not shown).

[0005] The fuel pressure in the cambox 3 may be reg-
ulated by means of a low pressure limiter 9, typically ar-
ranged in a wall of the cambox 3. The low pressure limiter
9 allows flow of the fuel from the cambox 3 back to a fuel
tank (not shown). A typical low pressure limiter 9 is shown
in Figure 1B and comprises a housing 9a for mounting
in a bore in said wall of a cambox 3. The housing 9a
comprises an axially reciprocating plunger 9b located in
an axial chamber 9c. The plunger 9b is biased towards
an inlet 9d by a spring 9e thereby closing said inlet 9d.
The housing 9a further comprises one or more standard
outlets 9f arranged at a bottom end of the chamber 9c
near the inlet 9d. When the pressure in the cambox 3
acting on the plunger 9b exceeds the force of the spring
9e, the exceeding pressure pushes the plunger 9b back
from the inlet 9d, thereby opening the inlet 9d and allow-
ing fuel to flow both (a) between the clearance between
the plunger 9b and the chamber 9c to the spring 9e and
(b) through to the outlets 9f to be returned to the fuel tank
via a return fuel line 8.

[0006] Due to the pressure oscillations experience in
low pressure limiters, they are prone to erratic movement.
Accordingly, hydraulic damping is included as part of the

10

15

20

25

30

35

40

45

50

55

design, which comprises at least one damping orifice 99
linking the spring-part of the chamber 9¢ with the return
fuel line 8. The damping orifice(s) 99 is/are adapted to
both evacuate exceeding fuel from the spring-part of the
chamber 9c to the return fuel line 8 in addition to drawing
in fuel into the spring-part of the chamber 9c from the
return fuel line 8.

[0007] The disadvantage of such known low pressure
limiters 9 is that, despite providing a hydraulic damping
feature, small changes in operating temperatures of a
high pressure fuel pump can have dramatic effects on
the level of damping that is required in order to keep the
low pressure limiter steady. Furthermore, when known
low pressure limiters are forced to operate at high
speeds, the high level of damping often results in the
pressure in the spring-part of the chamber 9c¢ behind the
plunger massively overwhelming the pressure in front of
the plunger, causing the plunger to lock in a shut position
(’hardening’ or 'high speed closure’). At this point, no in-
creased return fuel flow is possible.

[0008] Itisan object of the presentinvention to address
one or more of the problems of known arrangements.
[0009] Therefore, it is now desired to provide an im-
proved pressure limiting assembly that is capable of con-
trolling the level of hydraulic damping therein.

SUMMARY OF THE INVENTION

[0010] In a first aspect of the present invention there
is provided a high pressure diesel fuel pump comprising
a pressure limiting assembly communicable with a cam-
box, the pressure limiting assembly comprising a housing
with a plunger chamber at an open end with a plunger
located therein, a spring chamber at a second (opposite)
end with a spring disposed therein, the plunger being
arranged for axially reciprocating movement along a
plunger axis and being biased by the spring towards an
inlet at the open end, the housing comprising atleastone
standard damping orifice linking the spring chamber with
areturn fuel line, and an outlet orifice linking the plunger
chamber with the return fuel line, characterised in that
the housing further comprises atleastone variable damp-
ing orifice linking the spring chamber with the return fuel
line.

[0011] By 'standard damping orifice’ what is meant is
a bore of fixed diameter/ width adapted to provide a first
fixed rate of damping flow in and out of the spring cham-
ber.

[0012] By ’variable damping orifice’, what is meant is
an arrangement of one or more bores and/or passages
of fixed diameter/ width, with a means to reduce and/or
block a bore or passage at at least one location in the
arrangement, to provide a different rates of damping flow
in and out of the spring chamber. With this arrangement,
the pressure limiting assembly is able to adapt to provide
different levels of hydraulic damping by controlling the
rate of flow through the variable damping orifice. Where
low levels of damping are required, the variable damping
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orifice is restricted or closed leaving the standard damp-
ing orifice to provide the damping required. Where a
greater level of dampingis required, the variable damping
orifice may be opened at least partially to provide assist-
ance to the standard damping orifice and a greater damp-
ing flow. Finally, where maximum levels of damping are
required, the variable damping orifice may be fully
opened, to provide the majority of the damping flow.
[0013] Preferably, the variable damping orifice com-
prises a wide (relative to the standard damping orifice)
bore. Preferably, the variable damping orifice comprises
a bore of between approximately 0.8 mm and approxi-
mately 1.5 mm in diameter/ width. Most preferably, the
variable damping orifice comprises a bore of between
approximately 1 mm and approximately 1.5 mm in diam-
eter/ width.

[0014] Preferably, a diameter/width of the bore of the
variable damping orifice is larger than a diameter/width
of a bore of the standard damping orifice.

[0015] Preferably, the variable damping orifice com-
prises a valve passage linking the bore to the spring
chamber. Preferably, the bore of the variable damping
orifice extends from the valve passage to the exterior of
the housing.

[0016] Preferably, the valve passage opens to the ex-
terior of the housing at the second (opposite) end.
[0017] Preferably, the variable damping orifice com-
prises a valve assembly adapted to control the rate of
damping flow through the valve passage. Preferably,
therefore, the valve assembly comprises a restriction
means located within the valve passage to provide a re-
striction point within the valve passage.

[0018] Most preferably, the valve assembly and the
valve passage comprise cooperating parts of said restric-
tion means.

[0019] Preferably, the valve assembly is located at the
second (opposite) end of the housing.

[0020] The valve assembly preferably comprises a so-
lenoid valve.

[0021] Preferably, the solenoid valve is digitally actu-
ated.

[0022] Preferably, the restriction means comprises a

spring-actuated piston moveably mounted within the
valve passage. Preferably, the restriction means also
comprises a piston seat forming part of the valve pas-
sage. Preferably, the restriction means is configured to
provide at least a first closed configuration and a second
open configuration for the spring-actuated piston.
[0023] Preferably,the valve passage comprises awide
portion disposed at the opening to the spring chamber
and a narrow portion extending to the second (opposite)
end of the housing with a piston seat therebetween.
[0024] Preferably, the bore of the variable damping or-
ifice joins the narrow portion of the valve passage prox-
imal to the seat ledge.

[0025] Between the piston seat may comprise a ta-
pered ledge for the spring-actuated piston.

[0026] Preferably, the spring-actuated piston compris-
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esahead. The headis preferably shallower and narrower
than the wide portion of the valve passage. Preferably,
the spring-actuated piston comprises a shaft. The shaft
preferably comprises a clearance fit with the narrow por-
tion of the valve passage. Preferably, the spring-actuated
piston comprises a narrow neck significantly narrower
than the narrow portion of the valve passage between
the head and the shaft.

[0027] The head may gradually taper into the neck.
[0028] Preferably, in the first closed configuration the
spring-actuated piston is pushed backwards from the
spring chamber and the head is seated against the piston
seat thereby closing the valve passage and the variable
damping orifice.

[0029] Preferably,inthe second open configurationthe
spring-actuated piston is pushed forwards towards the
spring chamber, with the head at a maximum distance
from the piston seat thereby fully opening the valve pas-
sage and the variable damping orifice.

[0030] Preferably, the valve passage and the spring-
actuated piston comprise intermediate configurations in
which the spring-actuated piston is disposed between
the first configuration and the second configuration,
thereby partially opening the valve passage and the var-
iable damping orifice.

[0031] Preferably, the configuration of the valve as-
sembly may be mapped to the operating temperature
and/ or the speed of the high pressure fuel pump.
[0032] Preferably, the at least one standard damping
orifice comprises a bore of between approximately 0.6
mm and approximately 1.0 mm in diameter/width. Pref-
erably, the standard damping orifice extends from the
spring chamber to an exterior of the housing approxi-
mately half way down thereof.

[0033] In a second aspect of the present invention
there is provided a pressure limiting assembly for a high
pressure diesel fuel pump, comprising a housing with a
plunger chamber at an open end with a plunger located
therein, a spring chamber at a second (opposite) end
with a spring disposed therein, the plunger being ar-
ranged for axially reciprocating movementalong a plung-
er axis and being biased by the spring towards an inlet
at the open end, the housing comprising at least one
standard damping orifice linking the spring chamber with
areturn fuel line, and an outlet orifice linking the plunger
chamber with the return fuel line, characterised in that
the housing further comprises atleastone variable damp-
ing orifice linking the spring chamber with the return fuel
line.

[0034] It will be appreciated that the preferred features
described in relation to the first aspect of the invention
apply to the second aspect of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] For abetter understanding of the invention, and
to show how exemplary embodiments may be carried
into effect, reference will now be made to the accompa-
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nying drawings in which:

Figure 1A is a schematic view of a PRIOR ART high
pressure fuel pump with a pressure limiting assem-
bly;

Figure 1B is a schematic cross-sectional side view
of a PRIOR ART pressure limiting assembly accord-
ing to Figure 1A;

Figure 2 is a schematic view of a high pressure fuel
pump according to a first embodiment of the inven-
tion comprising a pressure limiting assembly show-
ing the fuel flow pathways;

Figure 3 is a schematic view of a high pressure fuel
pump according to a second embodiment of the in-
vention comprising a pressure limiting assembly
showing the fuel flow pathways;

Figure 4 is a schematic cross-sectional view of a
pressure limiting assembly for the high pressure fuel
pump according to Figure 2 or Figure 3; and

Figure 5 is an expanded schematic cross-sectional
view of a variable damping orifice of the pressure
limiting assembly of Figure 4.

DETAILED DESCRIPTION OF THE EXEMPLARY EM-
BODIMENTS

[0036] Asshowninthe Figures, a high pressure diesel
fuel pump 10 comprises a pressure limiting assembly 20,
30 communicable with a cambox 11, the pressure limiting
assembly 20, 30 comprising a housing 21, 31 with a
plunger chamber 22, 32 at an open end 21a, 31a with a
plunger 23, 33 located therein, a spring chamber 24, 34
at a second (opposite) end 21b, 31b with a spring 25, 35
disposed therein, the plunger 23, 33 being arranged for
axially reciprocating movement along a plunger axis A-
A’and being biased, by the spring 25, 35 towards an inlet
26, 36 at the open end 21a, 31a, the housing 21, 31
comprising at least one standard damping orifice 27, 37
linking the spring chamber 24, 34 with a return fuel line
12, and an outlet 28, 38 linking the plunger chamber 22,
32 with the return fuel line 12, characterised in that the
housing 21, 31 further comprises at least one variable
damping orifice 40, 50 linking the spring chamber 24, 34
with the return fuel line 12.

[0037] A first embodiment of the pressure limiting as-
sembly 20 is shown more clearly in Figure 4, although it
is to be appreciated that many of the features are com-
mon to both first and second embodiments.

[0038] The housing 21 of the pressure limiting assem-
bly 20 is substantially cylindrical in shape.

[0039] AscanbeseeninFigures2and 3, the pressure
limiting assembly 20, 30 is adapted for installation in a
bore (not shown) in a wall of a cambox 11 of a high pres-
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sure fuel pump 10 of a diesel internal combustion engine.
The pressure limiting assembly 20, 30 can be arranged
in any wall portion of the cambox 11. The bore is fluidly
connected to both the cambox 11 via a fluid inlet port 15,
and to a return fuel line 12 via a fluid outlet port 16.
[0040] The housing 21 is retained in the bore via o-ring
seals 13, 14 located in peripheral annual grooves in an
exterior thereof. The grooves and the o-rings 13, 14 are
disposed approximately half way down the spring cham-
ber 24 and at a top of the spring chamber 24 respectively.
[0041] Returning to the first embodiment shown in Fig-
ure 4, the plunger chamber 22 and the spring chamber
24 are substantially cylindrical in shape, of similar or iden-
tical diameter, and are arranged end-to-end with one an-
other within the housing 21.

[0042] The plunger 23 comprises a body shaped for a
clearance fit with the plunger chamber 22. Accordingly,
the plunger 23 comprises a substantially cylindrical body
to fit within the plunger chamber 22. The plunger 23 com-
prises a substantially flat driven end 23a adapted to sit
flush within the open end 21a of the housing 21, and a
seating end 23b with a raised central portion adapted to
seat the spring 25. The plunger 23 comprises two axial
bores 23c/ 23d, which approach one another from the
open end 21a and the seating end 23b, respectively. A
narrow bore 23e links the two axial bores 23c, 23d to
provide fluid flow therethrough from the inlet 26 to the
spring chamber 24 at any time.

[0043] The spring 25 is fixedly attached to the second
(opposite) end 21b of the housing 21 at one end (fixed
end), and is seated over the raised central portion of the
seating end 23b of the plunger 23 at an opposite end
(seated end). The spring 25 is a is configured to yield
under a predetermined pressure exerted thereon by the
plunger 23, which in turn is subjected to pressure from
the cambox 11 via the inlet 26.

[0044] The outlet 28 shown comprises a narrow radial
bore extending between the plunger chamber 22 and an
exterior of the housing 21 for connection with the return
fuel line 12. The outlet 28 is disposed proximal to the
open end 21a of the housing 21 approximately 2 mm to
approximately 4 mm from the open end 21a, although
the skilled person will appreciate that this is dependent
upon the pressure that the plunger 23 should be subject-
ed to in order to open up the outlet 28, which in turn is
dependent upon the cling requirements of the specific
pump 10. The outlet 28 is approximately 2.0 mm to ap-
proximately 11.0 mm in diameter However, in an alter-
native embodiment, the outlet 28 comprises a plurality
of holes and an example of four 2.6 mm holes is envis-
aged as a potential option.

[0045] The at least one standard damping orifice 27
comprises a bore of approximately between 0.6 mm and
approximately 1.0 mm in fixed diameter extending from
the spring chamber 24 to an exterior of the housing 21
and adapted to connect with the return fuel line 12. The
standard damping orifice 27 exits the spring chamber 24
via the cylindrical wall approximately half way down
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thereof. The standard damping orifice 27 exits the hous-
ing 21 on the plunger-side of the o-ring seal 13.

[0046] The variable damping orifice 40 comprises a
wide (relative to the standard damping orifice 27) radial
bore 41 of approximately between 0.8 mm and approxi-
mately 1.5 mm in diameter, a valve passage 29 and a
digitally controlled valve assembly 45. However, the di-
ameter of the bore 41 of the variable damping orifice 40
is always larger than the diameter of the bore of the stand-
ard damping orifice 27 to ensure a greater maximum rate
of flow of fluid therethrough, if required.

[0047] Thebore 41 extendsfrom the second (opposite)
end 21b of the housing 21 to the exterior of the housing
21 and exits the housing 21 between the two o-ring seals
13, 14. The bore 41 communicates with the spring cham-
ber 24 via the valve passage 29 that exits the spring
chamber 24 at the second (opposite) end 21b and ex-
tends coaxially with the spring chamber 24 and plunger
chamber 22 within the second (opposite) end 21b of the
housing 21. The valve passage 29 opens to the exterior
of the housing at the second (opposite) end 21b. The
digitally-controlled valve assembly 45 is mounted at the
second (opposite) end 21b of the housing 21. The digitally
controlled valve assembly 45 is adapted to vary the rate
of flow of fluid provided through the valve passage 29,
by restricting and enlarging a flow pathway of the valve
passage 29 at a restriction point (see description here-
after). However, the maximum diameter of the variable
damping orifice 40, namely the radial bore 41 is always
larger than the fixed diameter of the standard damping
orifice 27.

[0048] The valve assembly 45 comprises a spring-ac-
tuated piston 46 which is moveably mounted within the
valve passage 29 and controlled by a spring 47 mounted
therebehind, and a solenoid arrangement 48 to control
the spring 47.

[0049] The valve passage 29 is profiled to seat the
spring-actuated piston 46 in a first closed position and in
a second open position.

[0050] Accordingly, as shown more clearly in Figure 5,
the valve passage 29 comprises a first wide portion 29a
at the entrance to the spring chamber 24 and a second
narrow portion 29b extending to the second (opposite)
end 21b of the housing 21. Between the first and second
portions 29a, 29b the valve passage 29 comprises a ta-
pered ledge 29c.

[0051] The bore 41 joins the narrow portion 29b of the
valve passage 29 proximal to the tapered ledge 29c.
[0052] The spring-actuated piston 46 comprises awide
head portion 46a, a shaft 46b and a neck 46¢. The wide
head portion 46a gradually tapers into the narrow neck
46¢ before widening slightly to form the shaft 46b. The
wide head 46a is shallower and narrower than the first
wide portion 29a of the valve passage 29. The shaft 46b
comprises a clearance fit with the narrow portion 29b of
the valve passage 29. However, the neck 46c¢ is signifi-
cantly narrower than the narrow portion 29b of the valve
passage 29.
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[0053] The wide head portion 46a of the spring-actu-
ated piston 46 and the tapered ledge 29c of the valve
passage 29 define an annular flow pathway/ no flow path-
way therebetween (the restriction point) depending on
the position of the spring-actuated piston 46. By changing
the position of the spring-actuated piston 46 relative to
the tapered ledge 29c, the annular flow pathway can be
negated, restricted (or enlarged) to remove, reduce (or
increase), respectively, the rate of flow of fluid through
the valve passage 29.

[0054] In the first (closed) position (as shown in Figure
4), the spring-actuated piston 46 is pushed backwards
from the spring chamber 24 and the wide head 46a is
seated against the ledge 29c, negating the annular flow
pathway so that no fluid can by-pass the spring-actuated
piston 46 to reach the bore 41. Therefore, the variable
damping orifice 40 is considered to be closed.

[0055] In the second (open) position, the spring-actu-
ated piston 46 is pushed forwards towards the spring
chamber 24, with the wide head 46a at a maximum dis-
tance from the ledge 29c, to provide a wide annular flow
pathway therebetween. Likewise, the neck 46¢ provides
an optimal annular space therearound to provide fluid
access to the bore 41. Accordingly, in the second posi-
tion, a maximum flow of fluid can by-pass the spring-
actuated piston 46 and the ledge 29a to reach the bore
41. The only restricting factor to the rate of flow is the
size of the bore 41, which is larger than that of the stand-
ard orifice 27. Therefore, the variable damping orifice 40
is considered to be open.

[0056] Betweenthefirstand second positions, the wide
head 46a may be at any other distance from the ledge
29c, providing a narrower annular flow pathway and a
restricted flow of fluid to the bore 41. Due to the tapering
of the ledge 29c and the head 46a, the flow may be grad-
ed depending upon the position of the head 46a in the
wide portion 29a. This in turn is controlled by the spring
47 and the solenoid mechanism 48. Again, the neck 46¢
provides an optimal annular space therearound to pro-
vide fluid access to the bore 41. Therefore, the variable
damping orifice 40 is considered to be partially open.
[0057] The solenoid mechanism 48 is digitally control-
led (digitally-controlled valve assembly 45) and is there-
fore, configured to operate the spring-actuated piston 46
in a number of configurations. Therefore, in both embod-
iments, the digitally-controlled valve assembly 45 may
be configured to operate a mapped open-loop damping
system, in which the piston 46 of the variable damping
orifice 40 is open to a predetermined amount to allow a
required amount of fluid flow therethrough in response
to a specific operating condition, e.g. temperature. In con-
trast, the digitally-controlled valve assembly 45 may be
configured to operate a pressure feedback closed-loop
damping system, in which the piston 46 of the variable
damping orifice 40 is opened or closed depending upon
the pressure differentials in the spring chamber 24 versus
the plunger chamber 22.

[0058] Although a few preferred embodiments have
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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 diesel fuel pump (10) comprising a
pressure limiting assembly (20, 30) communicable
with a cambox (11), the pressure limiting assembly
(20, 30) comprising a housing (21) with a plunger
chamber (22, 32) atan open end (21a) with a plunger
(23) located therein, a spring chamber (24, 34) at a
second (opposite) end (21b) with a spring (25) dis-
posed therein, the plunger (23) being arranged for
axially reciprocating movement along a plunger axis
(A-A’) and being biased, by the spring (25) towards
an inlet (26) at the open end (21a), the housing (21)
comprising atleast one standard damping orifice (27,
37) linking the spring chamber (24, 34) with a return
fuel line (12), and an outlet (28) linking the plunger
chamber (22, 32) with the return fuel line (12), char-
acterised in that the housing (21) further comprises
at least one variable damping orifice (40, 50) linking
the spring chamber (24, 34) with the return fuel line
(12).

2. The pump according to claim 1, characterised in
that the variable damping orifice (40, 50) comprises
a bore (41) of between approximately 0.8 mm and
approximately 1.5 mm diameter.

3. The pump according to any one of claims 1 or 2,
characterised in that the variable damping orifice
(40, 50) comprises a valve passage (29) linking the
bore (41) to the spring chamber (24, 34).

4. The pump according to claim 3, characterised in
that the variable damping orifice (40, 50) comprises
a valve assembly (45, 55) adapted to control rate of
damping flow through the valve passage (29) via a
restriction means located within the valve passage
(29) to provide a restriction point within the valve
passage (29).

5. The pump according to claim 4, characterised in
that the valve assembly (45, 55) and the valve pas-
sage (29) comprise cooperating parts of said restric-
tion means.

6. The pump according to claim 5, characterised in
that the valve assembly (45, 55) comprises a digit-
ally-actuated solenoid valve..

7. The pump according to any one of claims 4 to 6,
characterised in that the restriction means com-
prises a spring-actuated piston (46) moveably
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10.

1.

12.

13.

14.

15.

mounted within the valve passage (29) and a piston
seat (29c¢) forming part of the valve passage (29).

The pump according to claim 7, characterised in
that the restriction means are configured to provide
at least a first closed configuration and a second
open configuration for the spring-actuated piston
(46).

The pump according to any one of claims 5 to 8,
characterised in that the valve passage (29) com-
prises a wide portion (29a) disposed at the opening
to the spring chamber (24, 34) and a narrow portion
(29b) extending to the second (opposite) end (21b)
of the housing (21) with the piston seat (29c) there-
between.

The pump according to claim 9, characterised in
that the bore (41) of the variable damping orifice (40,
50) joins the narrow portion (29b) of the valve pas-
sage (29) proximal to the piston seat (29c¢).

The pump according to claim 10, characterised in
that the spring-actuated piston (46) comprises a
head (46a) shallower and narrower than the wide
portion (29a) of the valve passage (29), a shaft (46b)
comprising a clearance fit with the narrow portion
(29b) of the valve passage (29), and a narrow neck
(46¢) significantly narrower than the narrow portion
(29b) of the valve passage (29) therebetween.

The pump according to any one of claims 8 to 11,
characterised in that in the first closed configura-
tion the spring-actuated piston (46) is pushed back-
wards from the spring chamber (24, 34) and the head
(46a) is seated against the piston seat (29c) thereby
closing the valve passage (29) and the variable
damping orifice (40, 50).

The pump according to any one of claims 8 to 12,
characterised in that in the second open configu-
ration the spring-actuated piston (46) is pushed for-
wards towards the spring chamber (24, 34), with the
head (46a) at a maximum distance from the piston
seat (29c) thereby fully opening the valve passage
(29) and the variable damping orifice (40, 50).

The pump according to any one of claims 8 to 13,
characterised in that the valve passage (29) and
the spring-actuated piston (46) comprise intermedi-
ate configurations in which the spring-actuated pis-
ton (46) is disposed between the first configuration
and the second configuration, thereby partially open-
ing the valve passage (29) and the variable damping
orifice (40, 50).

The pump according to any one of claims 8 to 14,
characterised in that the configuration of the valve
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assembly (45, 55) is mapped to the operating tem-
perature and/ or the speed of the high pressure fuel
pump (10).
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