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(57) Abstract: A high pressure fuel pump, said pump including a low pressure fuel inlet and a cam-driven plunger and cylinder
arrangement, said cylinder including a low pressure fuel inlet and a high pressure fuel outlet, and said plunger adapted to reciprocate in
a cylinder so as to draw fuel from said inlet and to provide pressurised fuel via said high pressure fuel outlet, and characterised wherein
said cylinder further includes an outlet to a depressurisation path via depressurization valve, adapted to provide a pathway for fuel to

allow depressurisation of fuel in said cylinder.
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HIGH PRESSURE FUEL PUMP

TECHNICAL FIELD

This invention relates to high pressure fuel pumps. It has particular application to
plunger or piston operated pumps used to provide high pressure fuel to an

accumulator volume such as a common rail, for supply to fuel injectors.

BACKGROUND OF THE INVENTION

Typically fuel is supplied to fuel injectors via e.g. a common rail from a high
pressure pump. Low pressure fuel is supplied to the high pressure pump via e.g.
an inlet metering valve. Typically a high pressure pump comprises a cam driven
plunger (piston) adapted to reciprocate in a cylinder to pressurize the fuel.
Typically there are four phases; an inlet/filling phase where on the down stroke of
the plunger fuel is drawn into the cylinder. Following this on the upstroke, there is
a pressurization phase. At a certain pressure an outlet valve located between the
cylinder and the common rail opens, and during the subsequent delivery phase
pressurized fuel is allowed to flow to the common rail. Following this is a de-

pressurization phase.

A problem particularly at high pump speeds, low inlet pressures and high delivery
pressures is a reduction on volumetric efficiency. It is an object of the invention to
overcome this problem and to provide a method to reduce the duration of the

depressurization phase.

SUMMARY OF THE INVENTION

In one aspect is provided a high pressure fuel pump, said pump including a low
pressure fuel inlet and a cam-driven plunger and cylinder arrangement, said
cylinder including a low pressure fuel inlet and a high pressure fuel outlet, and

said plunger adapted to reciprocate in a cylinder so as to draw fuel from said inlet
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and to provide pressurised fuel via said high pressure fuel outlet, and
characterised wherein said cylinder further includes an outlet to a
depressurisation path via a depressurization valve, adapted to provide a pathway

for fuel so as to allow depressurisation of fuel in said cylinder.

The pump may include an inlet or head cap valve located between a low pressure

fuel supply and said cylinder.

The pump may include an outlet valve located downstream of the high pressure

outlet.

Said depressurisation valve may be adapted to be controlled by an engine control

unit (ECU).

Said depressurisation valve may be a solenoid or piezo-controlled.

Said depressurisation path may be connected or provide a flow to the pump

cambox.

Said depressurisation valve may be adapted to be operated dependent on a

demand or actual rail pressure and/or the speed of the pump.

Said depressurisation valve may be activated at a start point in relation to the
plunger travel and/or duration dependent on a desired or actual rail pressure or the

speed of the pump.

In another aspect is provided a high pressure fuel pump system for a vehicle
including a pump as claimed above an ECU, said ECU adapted to control said

depressurisation valve.

In methodology activation of the pump may be dependent on a desired or actual

rail pressure or the speed of the pump.
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The start point in terms of plunger position and/or the duration of the activation

may be variable.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is now described by way of example with reference to the

accompanying drawings in which:

- Figure 1 shows a schematic figure of a typical fuel delivery system;

- Figure 2 shows the a chart of the pumping cycle;

- Figure 3 shows the effect of inlet pressure on the volumetric efficiency;

- Figure 4 shows the simulated effect of rail pressure of depressurization
duration,;

- Figure 5 shows an arrangement according to one embodiment of the current

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 shows a schematic figure of a typical fuel delivery system (hydraulic
circuit) 1 for a vehicle engine. Fuel is supplied from a tank 2 via a low pressure
pump 3 to a high pressure pumping arrangement including a high pressure pump
shown generally by box 4 which supplies high pressure fuel to injectors 5 via a
common rail 6. Backflow paths are shown with reference numeral 5.

Regarding the high pressure fuel pump 4, fuel is supplied from low pressure
supply to the cylinder 7 of a plunger/cylinder pump arrangement 8 which
includes a plunger (piston) 9. The fuel here is supplied via a high pressure
pump cambox 10 and an Inlet Metering valve 11. Fuel is pressurised by the
plunger reciprocating in the cylinder, driven by a cam. The cam bearings (shown
with the cam box with reference numerals 12) are lubricated via paths 15a and
15b. The high pressure pump systems in the art typically, include with respect to
the cylinder, an inlet valve 13 (head or cap valve) and an outlet valve 14, the
latter of which is located between the pump high pressure outlet (cylinder and the

common rail). Backflow paths 15a-¢ as shown. Inlet path 16 is at the inlet
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pressure. Pressure at path 17 is the head cap pressure, and 18 the high pressure

System pressure.

Figure 2 shows the a chart of the pumping cycle for a typical or simulated system
showing pumping chamber (cylinder 7) pressure 20 as well plunger lift 21 on a
plunger type fuel pump operating at 2000 RPM and 2000bar and a 100% Inlet
Metering Valve condition. Phase A is the pressurization phase. Here fuel is
compressed and the pumping chamber pressure increases. The outlet valve opens
at start of delivery phase B and delivery of fuel to the rail begins. Pumping
pressure is maintained at roughly the rail pressure rail pressure. At the end of
phase B, Top Dead Centre (TDC) is reached, the outlet valve shuts and delivery
stops. As the plunger moves down the pumping chamber the pumping chamber

dead volume is depressurised during phase C.

Once de-pressuring of the pumping chamber has occurred and the required
pressure difference across the inlet valve is achieved then the inlet valve will open
and filling will start during filling phase D. The filling period lasts until Bottom
Dead Centre (BDC) and phase A commences again.

Figure 3 shows the effect of inlet pressure on the volumetric efficiency of a
common rail high pressure pump with speed, for different pressures; it shows a
typical HP pump volumetric efficiency curves at pump full load. Reference
numerals 22, 23, 24, 25, 26 shows the plots of pressures of 2.5, 3, 4, 5, and 6 bar
respectively. Except at 6bar, the volumetric efficiency reduces at high speed. This
would be true for 6 bar if speed increased further. As would be expected, lower
inlet pressure results in a reduced volumetric efficiency at a lower speed than with
a higher inlet pressure. As speed increases, time available for fuel to fill the
pumping chamber is reduced, volumetric efficiency reduces. Also, at high speed,
plunger leakage in depressurising phase is lower than at low speed. This means
high speed depressurising requires greater angular duration and reduces the filling
phase. As inlet pressure reduces, flow rate from across inlet valve reduces,
volumetric efficiency reduces. Also the filling phase reduces due to later valve

opening.



WO 2018/178085 PCT/EP2018/057792

10

15

20

25

30

Figure 4 shows the simulated effect of rail pressure of depressurization duration,
and in particular shows pumping chamber pressure at different (initial) pumping
chamber pressures) against cam driveshaft angle (this can be equated to plunger
lift) over a relatively small phase interval of 95 to 115 degrees. Plots 30, 31, 32,
33 shows the plots of pumping chamber pressure for initial pumping chamber
pressures of 2000, 2200, 2400 and 2600 bar respectively. Plot 34 shows the

plunger lift. Depressurisation takes place over about 17° from TDC.

Regarding the rail pressure effect on volumetric efficiency (due to filling phase
effect); as rail pressure increases, depressurising phase increases, in combination
with high speeds filling phase will reduce in turn reducing volumetric efficiency.
The more hydraulically efficient the hydraulic head (often linked to small plunger

clearance), the longer the depressurising phase will be.

Figure 5 shows an arrangement according to one embodiment of the current
invention. The figure is similar to figure 1 with like reference numerals but also
includes a depressurisation valve 40, which provides an depressurisation outlet
(path), via flow from the cylinder. In the example is provided a depressurisation

path 41 allowing the fuel to return to the cambox.

The depressurisation valve may be controlled by a vehicle ECU and may be

solenoid or piezo-operated.

At conditions where pumping chamber filling is negatively impacted, filling
duration can be increased by using the depressurising valve, to decrease the de-

pressurisation duration, thus improving volumetric efficiency.

The depressurisation valve is thus, in examples, operated (i.c. opened) on the
down-stroke, e.g. from or shortly after TDC to allow depressurisation to be
effected more quickly, depending on conditions. The start time and or duration

the de-pressurisation valve is opened may be varied, and be dependent on various
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conditions such as rail pressure inlet pressures pump speed, cam profiles and such

like as explained below.

This overcomes the problems listed below, which would otherwise become more

of a problem with current trends for higher speed, rail pressures and such like:

1) At high speed, the filling duration is reduced. The greater the angular duration
of depressurising at high speed, due to less depressurising due to plunger

clearance flow, the filling angular duration decreases.

i1) The higher the rail pressure, it is preferable to have a longer depressurising

phase and therefore the shorter the filling phase.

iii) At a low enough reduction in inlet pressure, the flow across the inlet valve will
be reduced in the filling phase thus reducing volumetric efficiency. It is desirable

to reduce for reduced leakage in pumping phase.

iv) As plunger clearance reduces, the depressurising phase will increase, reducing

the filling duration.

v) Cam profile — it is desirable to increase pumping duration for high pressure
pump peak torque reduction. However increased pumping duration requires

decreased filling duration.

The use of the de-pressurisation valve may not be desirable for continuous
operation under all pumping conditions. When the pump depressurises naturally,
energy is put back into the engine. If we depressurise with the valve energy is lost

as heat and wasted.

The depressurisation valve is preferably only used under specific operating
conditions at high speed where under normal driving cycles for a short duration.

Therefore, the energy lost at these conditions is tolerated due to the advantageous
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use of features such as lower inlet pressure and high pumping duration cam

profiles at low speeds where the depressurising valve is not used.

If an applications HP pump capacity is based on pump HP flow margin at high
speed, the use of the depressurising valve may allow a lower capacity pump to be
used. A lower capacity pump will have a greater overall efficiency than a high

capacity pump for the same operating condition.

If HP pump negative torque interacts with the engine drive system in an
undesirable fashion within a specific speed range, it may be optimised by use of

the depressurising valve.
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CLAIMS

1. A high pressure fuel pump, said pump including a low pressure fuel inlet
and a cam-driven plunger and cylinder arrangement, said cylinder including a
low pressure fuel inlet and a high pressure fuel outlet, and said plunger adapted to
reciprocate in a cylinder so as to draw fuel from said inlet and to provide
pressurised fuel via said high pressure fuel outlet, and characterised wherein said
cylinder further includes an outlet to a depressurisation path via a
depressurization valve, adapted to provide a pathway for fuel so as to allow
depressurisation of fuel in said cylinder; characterised where said depressurisation
valve is adapted to be controlled by an engine control unit (ECU) so as to be

opened on the down-stroke to aid depressurisation.

2. A pump as claimed in claim 1 including an inlet or head cap valve located

between a low pressure fuel supply and said cylinder.

3. A pump as claimed in claim 1 or 2 including an outlet valve located

downstream of the high pressure outlet.

4. A pump as claimed in claims 1 to 3 wherein said depressurisation valve is

solenoid or piezo-controlled.

5. A pump as claimed in claims 1 to 4 wherein said depressurisation path is

connected or provide a flow to the pump cambox.

6. A pump as claimed in claims 1 to 5 wherein said depressurisation valve is
adapted to be operated dependent on a demand or actual rail pressure and/or the

speed of the pump.

7. A pump as claimed in claim 6 wherein said depressurisation valve is
adapted to be activated at a start point in relation to the plunger travel and/or

duration dependent on a desired or actual rail pressure or the speed of the pump.
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8. A pump as claimed in any previous claim wherein said depressurisation
valve is adapted to be activated dependent on a desired or actual rail pressure or

5 the speed of the pump.

9. A pump as claimed in any previous claim wherein the start point in terms

of plunger position and/or the duration of the activation is variable.
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