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Description

Technical Field

[0001] The present invention relates to a common rail
fuel pump for use in a fuel injection system of an internal
combustion engine. The invention also relates to a con-

trol method for such a pump.

Background to the Invention

[0002] In common rail fuel systems for compression
ignition internal combustion engines, fuel is pressurised
by means of a high-pressure fuel pump, which is supplied
with fuel from afuel tank by a low-pressure transfer pump.
Typically, the high-pressure fuel pump comprises a main
pump housing supporting multiple pump elements. Each
pump element includes a plunger, which is driven in a
reciprocating motion by a camshaft to generate high fuel
pressure. Fuel at high pressure is then stored in a com-
mon fuel rail for delivery to fuel injectors.

[0003] The pump elements typically have a maximum
pumping capacity that is in excess of the fuel require-
ments for a steady-state operation of the engine. An ex-
cess pumping capacity is only required when the engine
is operated under high loads and during transient engine
conditions where it is necessary to rapidly raise the pres-
sure in the common fuel rail. Additional pumping capacity
may also be provided to allow for degradation of the pump
elements over their operational life. Accordingly, the
pump elements operate atless than full pumping capacity
over a significant proportion of their operational life.
[0004] Typically, a single inlet metering valve is used
to meter the fuel entering the pump elements. Fuel in the
pump elements becomes pressurised during a pumping
stroke of a pump cycle. The provision of the inlet metering
valve means that, throughout the operational range of
the engine, the pumping duty of the high-pressure fuel
pump is distributed equally between the pump elements,
regardless of whether or notthe pump elements are being
operated at less than their maximum pumping capacity.
Accordingly, the frequency with which each pump ele-
ment is required to perform a pumping stroke is a maxi-
mum.

[0005] Each pump element is subject to fatigue when
a pumping stroke is carried out, and therefore the fre-
quency with which a pump element performs a pumping
stroke is directly related to its life cycle. Furthermore, it
has been recognised that due to clearances between
components of the pump elements, the pump elements
are subject to high-pressure fuel leakages during the
pumping stroke. The high-pressure fuel leakages repre-
sent a reduction in pump efficiency as the pressurised
fuel is not entirely displaced to the common fuel rail.
[0006] Itwould be desirable to provide a high-pressure
fuel pump and a control method for its pump elements
that overcomes or at least alleviates at least one of the
above-mentioned problems and disadvantages in the pri-
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or art.

Summary of the Invention

[0007] Thus, in accordance with a first aspect of the
present invention there is provided a control method for
a high-pressure fuel pump comprising a plurality of pump
elements, each of which comprises a plunger having a
pumping stroke during which fuel within a pump chamber
is pressurised and a filling stroke during which fuel is
supplied to the pump chamber for pressurisation, and a
valve for controlling fuel flow into and/or out of the pump
chamber. The high-pressure fuel pump has a maximum
pump capacity corresponding to all of the pump elements
pumping at maximum capacity. The method further com-
prises reducing the pump capacity of the high-pressure
fuel pump by reducing the pump duty of at least one of
the pump elements to less than its maximum capacity.
[0008] The control method may further comprise hold-
ing the valve of at least one of the pump elements in the
open position throughout both the filling stroke and the
pumping stroke so as to disable said pump element.
[0009] Alternatively, the control method further com-
prises, for a least one of the pump elements, holding the
valvein a closed position throughout both the filling stroke
and the pumping stroke so as to disable said pump ele-
ment.

[0010] Accordingly, the pumping duty of at least one
of the pump elements is removed, meaning it is not ex-
posed to a pressurising phase of the pumping stroke.
Therefore, the frequency with which at least one of the
pump elements is subject to a pumping stroke is reduced,
along with the possibility of fatigue failure.

[0011] In addition to the advantages gained from dis-
abling at least one of the pump elements, holding the
valvein a closed position throughout both the filling stroke
and the pumping stroke has the added advantage of re-
moving the possibility of low-pressure pumping losses,
for example at high plunger speeds where energy is wast-
ed as fuel in the pump chamber is displaced back through
an inlet to the pump chamber due to the pressure rise in
overcoming flow restrictions across the valve.

[0012] Preferably, the pump capacity of the high-pres-
sure fuel pump is unevenly distributed across the pump
elements.

[0013] During a steady state engine operation, for ex-
ample, the overall pumping duty of the high-pressure fuel
pump can be distributed and re-distributed over the pump
elements, thereby reducing the frequency with which the
pump elements are subject to a pressurising phase of
the pumping stroke, thus reducing the possibility of fa-
tigue failure.

[0014] Furthermore, frequent re-distribution of the
overall pumping duty of the high-pressure fuel pump over
the individual pump elements avoids some of the pump
elements becoming hotter than other pump elements,
which is desirable to increase the durability of the pump
elements. In other words, the pumping duty of the high-
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pressure fuel pump can be re-distributed so that it is pro-
vided by one pump element for one pumping stroke and
by another pump element for a subsequent pumping
stroke.

[0015] The control method further comprises, for at
least one of the pump elements, holding the valve in an
open position during a filling stroke of the plunger to per-
mit fuel to be supplied to the pump chamber, and holding
the valve in the open position for one or more periods of
a pumping stroke of the plunger so as to dispel a propor-
tion of fuel that is supplied to the pump chamber during
the filling stroke back through the valve. The one or more
periods of the pumping stroke of one of the pump ele-
ments is different from that of the other elements.
[0016] Preferably, the valve for controlling fuel flow into
and/or out of the pump chamber takes the form of a latch-
ing valve.

[0017] In accordance with a second aspect of the in-
vention there is provided a high-pressure fuel pump com-
prising a plurality of pump elements, each of which com-
prises a plunger having a pumping stroke during which
fuel within a pump chamber is pressurised and a filling
stroke during which fuel is supplied to the pump chamber
for pressurisation, and a valve for controlling fuel flow
into and/or out of the pump chamber. The high-pressure
fuel pump has a maximum pump capacity corresponding
to all of the pump elements pumping at maximum capac-
ity. The high-pressure fuel pump further comprises
means for reducing the pump capacity of the high-pres-
sure fuel pump by reducing the pump duty of at least one
of the pump elements to less than its maximum capacity.
[0018] Preferably, the valve for controlling fuel flow into
and/or out of the pump chamber takes the form of a latch-
ing valve.

[0019] In one embodiment the high-pressure fuel
pump further comprises means for holding the valve of
at least one of the pump elements in the open position
throughout both the filling stroke and the pumping stroke
so as to disable said pump element.

[0020] Accordingly, the pumping duty of at least one
of the pump elements is removed, meaning it is not ex-
posed to a pressurising phase of the pumping stroke.
Therefore, the frequency with which at least one of the
pump elements is subject to a pumping stroke is reduced,
along with the possibility of fatigue failure.

[0021] Alternatively, in another embodiment, the high-
pressure fuel pump includes means for holding the valve
of at least one of the pump elements in a closed position
throughout both the filling stroke and the pumping stroke
so as to disable said pump element.

[0022] Preferably, the high-pressure fuel pump further
comprises a common pump-housing block, wherein the
plurality of pump elements are housed within the com-
mon pump-housing block. The valve for controlling fuel
flow into and/or out of the pump chamber is preferably a
latching valve.

[0023] Preferably, the pump capacity of the high-pres-
sure fuel pump is unevenly distributed across the pump
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elements.

[0024] During a steady state engine operation, for ex-
ample, the overall pumping duty of the high-pressure fuel
pump can be distributed and re-distributed over the pump
elements, thereby reducing the frequency with which the
pump elements are subject to a pressurising phase of a
pumping stroke, thus reducing the possibility of fatigue
failure.

[0025] Furthermore, frequent re-distribution of the
overall pumping duty of the high-pressure fuel pump over
the individual pump elements avoids some of the pump
elements becoming hotter than other pump elements,
which is desirable to increase the durability of the pump
elements.

[0026] The high-pressure fuel pump further comprises,
for at least one of the pump elements, means for holding
the valve in an open position during a filling stroke of the
plunger to permit fuel to be supplied to the pump cham-
ber, and means for holding the valve in the open position
for one or more periods of a pumping stroke of the plunger
so as to dispel a proportion of fuel that is supplied to the
pump chamber during the filling stroke back through the
valve. For one of the pump elements, the or each period
of the pumping stroke for which the valve is held in the
open position is different from the or each period of the
pumping stroke of the other pump elements for which the
valves of those elements are held open.

[0027] In accordance with a third aspect of the present
invention there is provided a control method for a high-
pressure fuel pump comprising a plurality of pump ele-
ments, each of which comprises a plunger for pressuris-
ing fuel within a pump chamber and a valve for controlling
fuel delivery into and/or out of the pump chamber. The
method further comprises holding the valve in an open
position during a filling stroke of the plunger to permit fuel
to be supplied to the pump chamber, and maintaining the
valve in the open position for at least one selected stage
of a pumping stroke of the plunger so as to dispel a pro-
portion of fuel thatis supplied to the pump chamber during
the filling stroke back through the valve, and closing the
valve during the pumping stroke, other than during the
atleast one selected stage, so as to permit pressurisation
of the fuel within the pump chamber. The at least one
selected stage includes that period of the pumping stroke
for which the plunger either accelerates from and/or de-
celerates to zero velocity.

[0028] During pressurisation of the fuel in the pump
chamber, the pump element is subject to high-pressure
fuel leakages due to clearances between, for example,
the plunger and the pumping chamber, which reduce the
pumping efficiency of the pump element. By excluding
the at least one selected stage from the pressurising
phase of the pumping stroke, the overall velocity of the
plunger is increased through said phase. Accordingly,
the duration over which the pump element is subject to
high-pressure fuel leakages is reduced, thereby leading
to an increase in the pumping efficiency of the pump el-
ement.
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[0029] Preferably, the at least one selected stage in-
cludes the initial and/or latter stages of the pumping
stroke.

[0030] It will be appreciated that preferred and/or op-
tional feature of the first aspect of the invention may be
incorporated within the second, third and fourth aspects
of the invention, alone or in appropriate combination.

Brief Description of the Figures

[0031] The invention will now be described, by way of
example only, with reference to the accompanying draw-
ings, in which:

Figure 1is a sectional view of a known pump element
for use in a high-pressure fuel pump of a common
rail fuel system;

Figure 2 is a sectional view of a pump element of a
high-pressure fuel pump of the present invention,
including an inlet metering valve;

Figure 3 is a sectional view of the pump element of
Figure 2, operating during an initial stage of a pres-
surising phase of a pumping stroke;

Figures 4a to 4d are sectional views of the pump
element of Figure 3, illustrating four phases of a me-
tered pumping cycle;

Figure 5 is a graphical illustration of the cyclic motion
with respect to a camshaft angle of a plunger of the
pump element of Figure 3 operating off a three-lobe
cam;

Figures 6a to 6d are sectional views of the pump
element of Figure 3, operating with the inlet metering
valve deactivated;

Figure 7a to 7d are sectional views of the pump el-
ement of Figure 3, operating with the inlet metering
valve activated;

Figure 8 is an illustration of the pumping element of
Figure 1 starting the pressurising phase of the pump-
ing stroke at a camshaft angle of 155 degrees; and,

Figure 9 is an illustration of the pumping element of
Figure 7 starting the pressurising phase of the pump-
ing stroke at a camshaft angle of 130 degrees.

[0032] Typically, a known high-pressure fuel pump of
a common rail fuel system of a compression ignition in-
ternal combustion engine (referred to as the engine) has
multiple pump elements operating in a phased cyclical
manner. Each pump element is identical and, as shown
in Figure 1, comprises a plunger, which is used to pres-
surise fuel within the pump element for delivery to a fuel
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rail common to each of the other pump elements. The
plungers are driven by means of a cam mounted on an
engine driven shaft.

[0033] The pump element 2 includes a pump chamber
6 and an inlet passage 4 to the pump chamber 6. The
inlet passage 4 is in communication with a low-pressure
transfer pump (not shown) usually via a single inlet me-
tering valve (not shown). The transfer pump serves to
supply fuel from a low pressure fuel reservoir (not shown)
to the inlet passage 4. The inlet passage 4 is isolated
from the pump chamber 6 by means of a hydraulically
operated non-return inlet valve 8 (referred to as the inlet
valve). The inlet valve 8 is biased into a closed position
by means of a first spring 9 and fuel pressure within the
pump chamber 6. A plunger 10 is housed within the pump
chamber 6 and is driven, in a reciprocating motion, by a
camshaft (not shown). The plunger 10 is in a bottom-
dead-centre position when at a lowermost position (i.e.
when the volume/capacity of the pump chamber 6 is a
maximum) and in a top-dead-centre position when at an
uppermost position (i.e. when the volume/capacity of the
pump chamber 6 is a minimum). A pump cycle is said to
have occurred when the plunger 10 has moved from the
top-dead-centre position to the bottom-dead-centre po-
sition, and back to the top-dead-centre position. The inlet
valve 8 responds automatically to the motion of the plung-
er 10: as the plunger 10 moves from the bottom-dead-
centre position to the top-dead-centre position, the in-
creasing pressure in the pump chamber 6, in combination
with the biasing force of the first spring 9, forces the inlet
valve 8 into the closed position. As the plunger 10 returns
to the bottom-dead-centre position, the decreasing pres-
sure inthe pump chamber 6, in combination with the pres-
sure of the fuel in the inlet passage 4, urges the inlet
valve 8 into an open position, against the force of the first
spring 9.

[0034] An outlet passage 12 from the pump chamber
6 is isolated from the pump chamber 6 by means of a
hydraulically operated non-return outlet valve 14 (re-
ferred to as the outlet valve). The outlet passage 12 is in
direct communication with a common fuel rail (not
shown), so that pressure in both is substantially equal.
The common rail receives pressurised fuel from the outlet
passage 12 from each pump element 2 of the pump. The
outlet valve 14 is biased into a closed position by high
pressure fuel in the common rail, acting in combination
with a second spring 16. It will be appreciated that, in
practice, the biasing forces provided by the first and sec-
ond springs 9, 16 are relatively low and provide a much
less significant force than the pressure of the fuel.
[0035] Inuse, whenthe motion ofthe plunger 10 serves
to decrease the pressure in the pump chamber 6 (i.e.
when the plunger 10 moves from the top-dead-centre
position to the bottom-dead-centre position), the inlet
valve 8 is caused to open, thereby permitting fuel delivery
from the inlet passage 4 to the pump chamber 6. This
part of the pump cycle is referred to as a filling stroke.
The outlet valve 14 is biased into the closed position
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throughout the filling stroke due to the high pressure fuel
in the common rail and the force from the second spring
16. Fuel delivery to the pump chamber 6 terminates at
the end of the filling stroke, when the plunger 10 reaches
the bottom-dead-centre position.

[0036] From the bottom-dead-centre position, the
plunger 10 moves to the top-dead-centre position. This
part of the pump cycle is referred to as a pumping stroke,
during which the motion of the plunger 10 serves to in-
crease the fuel pressure in the pump chamber 6. During
a pumping stroke, the fuel pressure in the pump chamber
6 can increase to several thousand atmospheres. When
the fuel pressure in the pump chamber 6 exceeds an
amount sufficient to overcome the fuel pressure in the
outlet passage 12 (acting in combination with the second
spring 16), the outlet valve 14 is caused to open to permit
high pressure fuel delivery from the pump chamber 6
through the outlet passage 12 and, hence, to the common
rail. The provision of the outlet valve 14 ensures that the
high-pressure fuel remains trapped in the common rail
and cannot return to the pump chamber 6. A point will be
reached nearing a latter stage of the pumping stroke
when the outlet valve 14 is caused to close under the
high fuel pressure in the common rail, thus terminating
the supply of fuel through the outlet passage 12.

[0037] Throughout its operation, the pump element 2
receives and displaces a maximum amount of fuel, which
corresponds to the maximum volume/capacity of the
pump chamber 6. It has been recognised that maximum
fuel displacement from the high-pressure fuel pump is
necessary when, for example, the engine is operating
under a high load or during transient engine conditions
where itis necessary to rapidly increase the fuel pressure
in the common rail. When the engine conditions are such
that maximum fuel delivery is not required, for example
during a steady state engine condition, the inlet metering
valve regulates the amount of fuel delivered by the trans-
fer pump to the inlet passage 4 of the pumping element
2. The provision of the inlet metering valve means that
the pumping duty of the high-pressure fuel pump is dis-
tributed substantially equally between the multiple pump
elements. Therefore, regardless of the pumping require-
ments, each pump element 2 completes a pumping cycle,
ormore particularly, a pumping stroke of a pumping cycle.
The more pumping strokes a pump element 2 completes,
the greater the possibility that it will be subject to fatigue
failure due to frequent exposure to high fuel pressure in
the pump chamber 6.

[0038] It will be appreciated that the degree of fatigue
a pump element 2 is subject to is dependent on the fre-
quency with which it is subject to a pressurising phase
and not the duration of the pressurising phase.

[0039] The present invention improves on the above-
described pump element 2 by replacing the inlet valve 8
with a valve that does not respond automatically to the
motion of the plunger 10. The construction of the pump
element 17 in the present invention is substantially the
same as described previously, in terms of the inlet and
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outlet passages 4, 12, the plunger 10 and the outlet valve
14, but differs in a key respect.

[0040] Referring to Figure 2, in the pump element 17
of the present invention the inlet valve 8 of the known
pump element 2 is replaced by an inlet metering valve in
the form of a solenoid latching valve 18 (referred to as
the latching valve 18) which is controlled by an Engine
Control Unit (ECU). The provision of the latching valve
18 means that the fuel displaced by the pump element
17 can be metered independently of the motion of the
plunger 10, i.e. the latching valve 18 does not respond
automatically to the motion of the plunger 10.

[0041] The latching valve 18 includes an armature 20
coupled to a valve head 22 via a valve stem 24. The valve
head 22 is engageable with a seating surface 26 defined
at an inlet port 28 to the pump chamber 6, which com-
municates with the inlet passage 4. Activation of the latch-
ing valve 18 causes the valve head 22 of the latching
valve 18 to move into engagement with the seating sur-
face 26, thereby isolating the pump chamber 6 from the
inlet passage 4. Deactivation of the latching valve 18
causes the valve head 22 of the latching valve 18 to move
away from the seating surface 26, thus providing com-
munication between the inlet passage 4 and the pump
chamber 6.

[0042] Figure 2 shows the pump element 17 during the
filling stroke of the plunger 10: when the latching valve
18 is deactivated, fuel is supplied, by means of the trans-
fer pump, to the pump chamber 6 through the inlet pas-
sage 4. In one mode of operation, prior to beginning the
pumping stroke, the latching valve 18 is activated to move
the valve head 22 into contact with the seating surface
26, thereby trapping the fuel in the pump chamber 6 and
preventing further filling through the inlet passage 4. As
the pressure of fuel in the pump chamber 6 is lower than
the pressure of the fuel in the common rail, the outlet
valve 14 remains closed (as shown in Figure 3). The fuel
pressure in the pump chamber 6 is increased during the
subsequent pumping stroke of the plunger 10 as it moves
from the bottom-dead-centre position to the top-dead-
centre position. When the fuel pressure in the pump
chamber 6 exceeds an amount sufficient to overcome
the fuel pressure in the outlet passage 12, the outlet valve
14 is caused to open. Pressurised fuel within the pump
chamber 6 is therefore able to flow through the outlet
passage 12 into the common rail. Once it has been ac-
tivated, the latching valve 18 remains closed throughout
the remainder of the pumping stroke.

[0043] Similar tothe known pump element 2, when the
pump element 17 of the present invention is operated in
this manner, the pump cycle displaces a maximum
amount of fuel, which corresponds to the maximum vol-
ume/capacity of the pump chamber 6. It will be appreci-
ated that the maximum pump capacity of the pump is
therefore achieved when all pump elements are operated
in the aforementioned manner (i.e. maximum capacity).
[0044] In other embodiments, however, the latching
valve 18 can be used to meter the amount of fuel dis-
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placed by the plunger 10 during the pumping stroke to
precisely meet the demands of the engine at any given
time.

[0045] Referring to Figures 4a to 4d, fuel is supplied
to the pump chamber 6 during the filling stroke of the
plunger as previously described. During the initial stages
of the pumping stroke, as the plunger 10 moves away
from the bottom-dead-centre position, the valve head 22
of the latching value 18 is held away from the seating
surface 26, thus allowing fuel to return from the pump
chamber 6 through the inlet passage 4 into a transfer
gallery (not shown). The transfer gallery is in communi-
cation with the low pressure fuel reservoir. This part of
the pumping stroke is referred to as the "pre-pumping
phase". The duration of the pre-pumping phase is deter-
mined by the ECU and is dependent on the engine load:
the ECU increases and decreases the duration of the
pre-pumping phase under lower and higher pumping re-
quirements respectively. The pre-pumping phase is ter-
minated when the latching valve 18 is activated, causing
the valve head 22 of the latching valve 18 to contact the
seating surface 26 of the pump chamber 6. When the
latching valve 18 is activated, fuel that remains trapped
in the pump chamber 6 is pressurised under the motion
of the plunger 10 moving to the top-dead-centre position.
This phase of the pumping stroke is referred to as the
"metering phase" or "pressurising phase". Once it has
been activated, the latching valve 18 remains closed
throughout the remainder of the pumping stroke. When
the fuel pressure in the pump chamber 6 exceeds an
amount sufficient to overcome the fuel pressure in the
outlet passage 12, the outlet valve 14 is caused to open
to permit high pressure fuel delivery from the pump cham-
ber 6 through the outlet passage 12 and, hence, to the
common rail.

[0046] When the pump element 17 is operated in this
manner, the capacity of the pump chamber 6, and hence
the amount of fuel displaced by the plunger 10, can be
selected according to the pumping requirements. Thus,
the overall pumping duty of the high-pressure pump can
be, evenly or unevenly, distributed over the pump ele-
ments collectively.

[0047] In a second, alternative mode of operation, the
latching valve 18 can be controlled so as to decrease the
leakage of fuel during the pumping stroke of the pump
cycle. Known pump elements 2 are subject to high pres-
sure fuel leakages during the pumping stroke due to
clearances between, for example, the plunger 10 and the
pump chamber 6, which reduce the pump efficiency of
the pump element 2. In order to increase the pump effi-
ciency and thereby reduce energy losses, it is desirable
to minimise the duration of the pumping stroke by max-
imising the average speed of the plunger 10 during the
pumping stroke. The shape of the cam driving the plunger
10 results in phases of the pumping stroke during which
the plunger is subject to periods of substantial accelera-
tion and deceleration. During the pumping stroke, the
plunger 10 accelerates from a zero velocity at the bottom-
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dead-centre position to a maximum velocity in a middle
phase of the pumping stroke, and decelerates from the
maximum velocity to a zero velocity at the top-dead-cen-
tre position. It will be appreciated that a significant pro-
portion of the plunger’s 10 acceleration and deceleration
occurs in the initial and latter stages of the pumping
stroke, respectively. Accordingly, the average speed of
the plunger 10 in the initial and latter stages of the pump-
ing stroke is relatively low compared to the maximum
speed of the plunger 10.

[0048] By way of comparison, with reference to Figure
5, the full pumping stroke of the known pump element 2
occurs over, for example, a camshaft angle range of 120
degrees to 180 degrees i.e. the plunger 10 is at the bot-
tom-dead-centre position at a camshaft angle of 120 de-
grees and is at the top-dead-centre position at a camshaft
angle of 180 degrees. This camshaft angle range con-
stitutes the pressurising phase of the pumping stroke of
the pump element 2, and is inclusive of the initial and
latter stages of the pumping stroke, during which the av-
erage speed of the plunger 10 is relatively low.

[0049] In the present invention, the latching valve 18
is deactivated to allow the fuel to flow from the pump
chamber 6 through the inlet passage 4 during the initial
stage of the pumping stroke, and is only activated at a
camshaft angle of, for example, 135 degrees. In this in-
stance, the cam shaft angle of 135 degrees represents
the start of the pressurising phase of the pumping stroke.
Once the latching valve 18 is activated, the pressurised
fuel in the pump chamber 6 (acting in combination with
latching valve 18) ensures that the valve head 22 remains
latched in the closed position, in contact with the seating
surface 26 of the pump chamber 6, through the remainder
of the pumping stroke i.e. until a cam shaft angle of 180
degrees. Therefore, the pressurising phase excludes the
initial stage of the pumping stroke during which the av-
erage speed of the plunger 10 is relatively low. Accord-
ingly, the average speed of the plunger 10 during the
pressurising phase is increased, when compared to the
average speed of the plunger 10 of the known pump el-
ement 2 during the corresponding pressuring phase i.e.
from a cam shaft angle of 120 degrees to 180 degrees.
Therefore, the duration over which the pump element 17
of the present invention is subject to high-pressure fuel
leakages is reduced and pump efficiency is increased.
[0050] In a third alternative mode of operation, the
overall pumping duty of the high-pressure fuel pump can
be unevenly distributed over multiple pump elements by
removing the pumping duty of one or more pump ele-
ments, subject to pumping requirements. Referring to
Figures 6a to 6d, the pumping duty of any one of the
multiple pump elements can be removed by keeping the
latching valve 18 of that pump element 17 deactivated
throughout the pump cycle. As previously described, fuel
is supplied to the pump chamber 6 from the inlet passage
4 during the filling stroke. With the latching valve 18 still
deactivated, continued movement of the plunger 10
through the pumping stroke causes the fuel in the pump
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chamber 6to be displaced back through the inlet passage
4 into the transfer gallery. Accordingly, the fuel in the
pump chamber 6 is prevented from being pressurised to
a level sufficient to overcome the fuel pressure in the
outlet passage 12 and the outlet valve 14 remains closed.
The pumping duty of this pump element 17 is therefore
effectively disabled. In this operation, the pumping stroke
is effectively a "spill" stroke where fuel is spilled back to
the low-pressure fuel reservoir.

[0051] In a fourth alternative mode of operation, the
pumping duty of the pump element 17 can be removed
by keeping the latching valve 18 activated throughout the
entire pump cycle. Referring to Figures 7a to 7d, with the
latching valve 18 activated, the valve head 22 of the latch-
ing valve 18 remains seated on the seating surface 26
of the pump chamber 6 and, in so doing, prevents the
supply of fuel from the inlet passage 4 to the pump cham-
ber 6. In this operation, the continued movement of the
plunger 10 through the pump cycle serves only to draw
a cavity in the pump chamber 6 during the filling stroke,
and compress the cavity in the pumping stroke. Accord-
ingly, the pumping duty of the pump element 17 is disa-
bled.

[0052] The third and the fourth modes of operation
have the advantage of removing the pressurising phase
of the pumping stroke of the pump element 17, thereby
reducing the total number of pressurising phases that the
pump element 17 is subjected to. Therefore, the possi-
bility of fatigue failure is reduced.

[0053] Despite the pumping duty of the pump element
17 being disabled in both the third and the fourth modes
of operation, the fourth mode of operation offers a further
benefit as the fuel is prevented from entering the pump
chamber 6 and so the pump element 17 is not subject to
any low-pressure pumping losses, for example at high
plunger 10 speeds where energy is wasted as fuel in the
pump chamber 6 is displaced back through the inlet pas-
sage 4 due to the pressure rise in overcoming flow re-
strictions across the valve 18.

[0054] In another embodiment (not shown), the latch-
ing valve may be replaced with a valve which can be
opened against pressurised fuel in the pump chamber 6
so that it is possible to exclude both the initial and latter
stages of the pumping stroke in order to further increase
the average speed of the plunger 10 during the pressu-
rising phase. In another mode of operation it would be
possible to exclude the latter stage of the pumping stroke
only from the pressurising phase, while the valve remains
closed for the initial stage of the pumping stroke.
[0055] It will be appreciated that the ECU controls in-
dependently the valves of each of the pump elements to
meter the fuel flow into each pump chamber 6, whilst
ensuring that the pump elements collectively displace a
sufficient amount of fuel according to the pumping re-
quirements.

[0056] Removing, increasing or decreasing the pres-
surising phase of the pumping stroke of the pump ele-
ments means that the overall pumping duty of the high-
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pressure fuel pump can be evenly or unevenly distributed
across the pump elements collectively.

[0057] By way of comparison, with reference to Figure
8, a high-pressure fuel pump comprising three pump el-
ements, each the same as the known pumping element
2, will have three pumping strokes. The overall pumping
duty of the high-pressure fuel pump is substantially even-
ly distributed over the three pump elements. Therefore,
if the high-pressure fuel pump is required to deliver, for
example, 660 mm3 of pressurised fuel to the common
rail, each pump element 2 must displace 220 mm3 of fuel.
Accordingly, each pump element 2 will be subject to a
pressurising phase over the last 25 degrees of its pump-
ing stroke.

[0058] Alternatively, with reference to Figure 9, if a
high-pressure fuel pump comprising three pump ele-
ments 17 is required to displace 660 mms3 of pressurised
fuel to the common rail, the second and third pump ele-
ments could be disabled and the first pump element 17
only could pressurise the fuel within the pump chamber
6 starting from a cam shaft angle of approximately 130
degrees. In such circumstances, only the first pump el-
ement 17 is subject to a pressurising phase of the pump-
ing stroke. The overall pumping duty of the high-pressure
fuel pump could then subsequently be re-distributed over
only the second pump element, for example, leaving the
first and third pump elements disabled. Accordingly, dur-
ing a steady state engine operation, for example, the
overall pump duty could be re-distributed over individual
pump elements sequentially, thereby reducing the fre-
quency with which the pump elements are subject to a
pressurising phase and, hence, reducing the possibility
of fatigue failure. Whereas in a known high-pressure fuel
pump having three pump elements 2 such as those in
Figure 1 would use all three pump elements, each pump-
ing over 25 degrees of the pump cycle (i.e. a total of 75
degrees per pump cycle during which the pump elements
are exposed to a pressurising phase), in this example of
the present invention only one of the pump elements 17
pumps for just 50 degrees per pump cycle.

[0059] Re-distributing the overall pumping duty of the
high-pressure fuel pump between pump elements avoids
some of the pump elements becoming hotter than other
pump elements, which is desirable to increase the dura-
bility of the pump elements.

Claims

1. A control method for a high-pressure fuel pump com-
prising a plurality of pump elements (17), each of
which comprises a plunger (10) having a pumping
stroke during which fuel within a pump chamber (6)
is pressurised and a filling stroke during which fuel
is supplied to the pump chamber (6) for pressurisa-
tion, and a valve (18) for controlling fuel flow into
and/or out of the pump chamber (6), the high-pres-
sure fuel pump having a maximum pump capacity
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corresponding to all of the pump elements pumping
at maximum capacity, the method comprising reduc-
ing the pump capacity of the high-pressure fuel pump
by reducing the pump duty of at least one of the pump
elements to less than its maximum capacity.

The control method of Claim 1, wherein the pump
capacity of the high-pressure fuel pump is unevenly
distributed across the pump elements (17).

The control method of Claim 2, wherein the valve
(18) for controlling fuel flow into and/or out of the
pump chamber (6) is a latching valve (18).

The control method of Claim 2 or 3, comprising, for
at least one of the pump elements (17),

holding the valve (18) in an open position during a
filling stroke of the plunger (10) to permit fuel to be
supplied to the pump chamber (6); and

holding the valve (18) in the open position for the
one or more periods of a pumping stroke of the plung-
er (10) so as to dispel a proportion of fuel that is
supplied to the pump chamber (6) during the filling
stroke back through the valve (18),

wherein the one or more periods of the pumping
stroke of one of the pump elements (17) is different
from that of the other elements (17).

The control method of any one of Claims 1 to 3, in-
cluding holding the valve (18) of at least one of the
pump elements in the open position throughout both
the filling stroke and the pumping stroke so as to
disable said pump element (17).

The control method of any one of Claims 1 to 3, in-
cluding, for at least one of the pump elements (17),
holding the valve (18) in a closed position throughout
both the filling stroke and the pumping stroke so as
to disable said pump element (17).

A high-pressure fuel pump comprising a plurality of
pump elements (17), each of which comprises a
plunger (10) having a pumping stroke during which
fuel within a pump chamber (6) is pressurised and a
filling stroke during which fuel is supplied to the pump
chamber (6) for pressurisation, and a valve (18) for
controlling fuel flow into and/or out of the pump cham-
ber (6), the high-pressure fuel pump having a max-
imum pump capacity corresponding to all of the
pump elements pumping at maximum capacity, the
high-pressure fuel pump comprising means for re-
ducing the pump capacity of the high-pressure fuel
pump by reducing the pump duty of at least one of
the pump elements to less than its maximum capac-

ity.

The high-pressure fuel pump as claimed in Claim 7,
wherein the valve (18) for controlling fuel flow into
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10.

11.

12.

13.

14,

and/or out of the pump chamber (6) is alatching valve
(18).

The high-pressure fuel pump as claimed in Claim 7
or 8, comprising a common pump housing block,
wherein the plurality of pump elements (17) are
housed within the common housing block.

The high-pressure fuel pump as claimed in any one
of Claims 7 to 9, wherein the pump capacity of the
high-pressure fuel pump is unevenly distributed
across the pump elements (17).

The high-pressure fuel pump as claimed in Claim
10, comprising, for at least one of the pump elements
(17),

means for holding the valve (18) in an open position
during a filling stroke of the plunger (10) to permit
fuel to be supplied to the pump chamber (6); and
means for holding the valve (18) in the open position
for one or more periods of a pumping stroke of the
plunger (10) so as to dispel a proportion of fuel that
is supplied to the pump chamber (6) during the filling
stroke back through the valve (18);

wherein the one or more periods of the pumping
stroke of one of the pump elements (17) is different
from that of the other elements (17).

The high-pressure fuel pump as claimed in any one
of Claims 7 to 10, including holding the valve (18) of
at least one of the pump elements in the open posi-
tion throughout both the filling stroke and the pump-
ing stroke so as to disable said pump element (17).

The high-pressure fuel pump as claimed in any one
of Claims 7 to 10, including, for at least one of the
pump elements (17), holding the valve (18) in a
closed position throughout both the filling stroke and
the pumping stroke so as to disable said pump ele-
ment (17).

A control method for a high-pressure fuel pump com-
prising a plurality of pump elements (17), each of
which comprises a plunger (10) for pressurising fuel
within a pump chamber (6) and a valve (18) for con-
trolling fuel delivery into and/or out of the pump
chamber (6), the method comprising;

holding the valve (18) in an open position during a
filling stroke of the plunger (10) to permit fuel to be
supplied to the pump chamber (6);

maintaining the valve (18) in the open position for at
least one selected stage of a pumping stroke of the
plunger so as to dispel a proportion of fuel that is
supplied to the pump chamber (6) during the filling
stroke back through the valve (18); and,

closing the valve (18) during the pumping stroke, oth-
er than during the at least one selected stage, so as
to permit pressurisation of the fuel within the pump
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chamber (6),
wherein the at least one selected stage includes that
period of the pumping stroke for which the plunger
(10) either accelerates from and/or decelerates to
zero velocity.

The control method of Claim 14, wherein the at least
one selected stage includes the initial and/or latter
stages of the pumping stroke.
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