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(54) Fuel pump

(57) A fuel pump comprises a high pressure pump,
a low pressure pump (18) and an intermediate pump ar-
rangement arranged to receive fuel from the low pres-
sure pump (18) and to deliver fuel to the high pressure
pump, the intermediate pump arrangement operating in
a timed relationship with the high pressure pump. In one
embodiment, the intermediate pump arrangement in-
cludes plungers (28) reciprocable under the influence of
a cam surface (34) provided on a distributor member
(14) forming part of the high pressure pump.
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Description

This invention relates to a fuel pump for supplying
fuel at high pressure to the cylinders of a compression
ignition internal combustion engine.

In a known fuel pump a rotary vane pump is used
to supply fuel at relatively low pressure to a high pres-
sure pump. The high pressure pump is then used to
pressurize the fuel and supply the fuel to the cylinders
of an associated engine. Difficulties have been experi-
enced in supplying a sufficiently large quantity of fuel to
the high pressure pump in the time available, especially
for pumps designed for use with engines having more
than four cylinders. It is an object of the invention to pro-
vide a fuel pump in which this disadvantage is reduced.

According to the present invention there is provided
a fuel pump comprising a high pressure pump, a low
pressure pump, and an intermediate pump arrangement
arranged to receive fuel from the low pressure pump,
and supply fuel to the high pressure pump, the interme-
diate pump arrangement operating in a timed relation-
ship with the high pressure pump.

The intermediate pump arrangement conveniently
comprises a plunger reciprocable within a bore, the
plunger being moveable under the influence of a cam
surface provided upon the distributor member of the
high pressure pump.

The invention will further be described, by way of
example, with reference to the accompanying drawings,
in which:-

Figure 1 is a sectional view of a fuel pump in ac-
cordance with an embodiment of the invention;

Figure 2 is an enlarged view of part of Figure 1;

Figure 3 is an enlargement of another part of Figure
1; and

Figure 4 is a view illustrating the shape of part of
the distributor member of the pump of Figure 1.

The fuel pump illustrated in Figure 1 is intended for
supplying fuel to an engine having six cylinders, the
pump comprising a body 10 having a substantially cy-
lindrical sleeve 12 located therein. A distributor member
14 is rotatable within the sleeve 12, the distributor mem-
ber 14 being keyed to a drive shaft 16 arranged to trans-
mit rotary motion to the distributor member 14 so that
the distributor member 14 rotates at a speed related to
the operating speed of an associated engine. The rotary
part of a rotary vane pump 18 is connected to the dis-
tributor member 14, and a fuel pressure regulator 20 is
connected between the inlet and outlet of the rotary
vane pump 18. Fuel is drawn from a suitable fuel reser-
voir to the vane pump 18, the fuel being drawn through
passages provided in the pump body 10 for the purpos-
es of cooling prior to reaching the inlet of the rotary vane
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pump 18. The outlet of the vane pump communicates
with a passage 22 provided in the body 10, an inlet non-
return valve 24 controlling communication between the
passage 22 and a supply passage 26.

The sleeve 12 is provided with six equiangularly
spaced, radially extending bores within which hollow
plungers 28 of relatively large diameter are reciproca-
ble, the plungers 28 defining, with the bores, low pres-
sure pumping chambers which communicate with one
another through an annular groove 30 which is provided
in the body 10 aligned with the radially extending bores
provided in the sleeve 12, the groove 30 providing com-
munication between each of the low pressure pumping
chambers and the supply passage 26. Each plunger 28
has a spring 32 associated therewith to bias the plunger
member 28 into engagement with the distributor mem-
ber 14, the springs 32 assisting the low pressure pump
18 in filling the low pressure pumping chambers. The
part of the distributor member 14 with which the plung-
ers 28 engage is shaped to define a series of cam lobes
34 as illustrated in Figure 4. As shown in Figure 4, the
ends of the plungers 28 are of part spherical form. As a
result, when the plungers ride over the crests of the
lobes 34, the radius of curvature of the path followed by
each plunger is greater than that of the lobe 34. The rate
of change of fuel supply is low, thus the force applied to
the lobes 34 is reduced. The reduced load results in a
reduction in wear. It will be appreciated that as the dis-
tributor member 14 is driven by the drive shaft 16, the
movement of the distributor member 14 causes the
plungers 28 to reciprocate within their bores, thus
changing the volume of the low pressure pumping
chambers in time with the operation of the associated
engine.

Filling of the low pressure pumping chambers can
occur over a relatively long time, thus the rate at which
fuel is supplied thereto can be low. It is envisaged that
fuel will be supplied to the low pressure pumping cham-
bers over approximately 40° of rotation of the distributor
member 14 between each filling cycle of the high pres-
sure pumping chambers, or longer for a pump used to
supply fuel to an engine having fewer cylinders.

As indicated hereinbefore, the ends of the plungers
are of part spherical form. In order to increase the area
of contact between the plungers 28 and the cam sur-
face, the use of cylindrically ended plungers may be pre-
ferred. Alternatively, spherical ended plungers may be
used in conjunction with a cam profile of concave cross-
section.

It will be appreciated that by providing the groove
30 in the body 10 rather than in the sleeve 12, the max-
imum length of engagement between the sleeve 12 and
the plungers 28 is increased, thus the risk of fuel leakage
therebetween is reduced. Also, the side load resulting
from the cam surface being angled with respect to the
axis of the plungers 28 is spread over a relatively large
area.

The low pressure pumping chambers further com-
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municate with supply ports 36 provided in the sleeve 12,
the supply ports 36 being arranged to register, upon ro-
tation of the distributor member 14, with inlet passages
38 provided in the distributor member 14. The inlet pas-
sages 38 communicate with an axially extending pas-
sage 40 provided in the distributor member 14. The ax-
ially extending passage 40 further communicates with
a delivery passage 42 which is arranged to register, in
turn, upon rotation of the distributor member 14 with six
equiangularly spaced delivery ports 44 provided in the
sleeve 12, the delivery ports 44 communicating with re-
spective outlets of the pump.

The distributor member 14 is provided with three
equiangularly spaced, diametrically extending bores
within which high pressure plunger members 46 are re-
ciprocable. The bores communicate with the axially ex-
tending passage 40. The outer end of each plunger 46
carries a shoe and roller arrangement, the roller 48 of
which is arranged to engage the cam surface of a cam
ring 50. The cam ring 50 is angularly adjustable in order
to adjust the timing of fuel delivery by the high pressure
pump using a conventional advance arrangement 53.

The end of the axially extending passage 40 defines
a seating with which a spill valve member 52 is engage-
able to control communication between the passage 40
and a low pressure volume. The spill valve member 52
is carried by a piston member 54 which is slidable within
a cylinder. The piston member 54 and cylinder together
define a chamber 55 which is in constant communica-
tion through passages 56 with recesses 57. The recess-
es 57 are registrable, in turn, with the outlet of an elec-
tromagnetically controlled spill trigger valve 58, the inlet
of which communicates with a groove 59 provided in the
sleeve 12 which is registerable with the inlet passages
38, upon rotation of the distributor member 14.

The piston member 54 is provided with drillings 74
which are closed by a plate valve 72 so that once the
pressure applied to the piston member 54 exceeds a
predetermined pressure, sufficient to move the spill
valve member 52 away from its seating, fuel is able to
flow through the drillings 74 past the plate valve member
72tothe low pressure drain. In addition, the piston mem-
ber 54 is provided with recesses 76 which communicate
with the drillings 74 and are arranged such that after
movement of the piston member 54 beyond a predeter-
mined position, fuel is able to escape at a high rate
through the recesses 76 to the low pressure drain. Con-
veniently, all spilt fuel escapes either through the re-
cesses 76 or past the plate valve 72, virtually no fuel
being returned past the spill valve member 52 to the high
pressure pumping chamber.

The recesses 76 conveniently take the form of an-
nular grooves provided on the piston member 54 and in
the cylinder within which the piston member 54 is slida-
ble, and flats provided at an end part of the cylinder, the
parts of the piston member 54 between the flats acting
to guide sliding movement of the piston member 54.

Figure 3 illustrates the inlet non-return valve 24 in
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detail. As illustrated in Figure 3, the inlet non-return
valve 24 comprises a hollow spherical valve member 60
which is engageable with a seating defined around an
end of the passage 22. A spring 62 biases the valve
member 60 into engagement with its seating, the spring
62 engaging a second valve member 64 which is biased
by means of spring 66 into engagement with a frusto-
conical seating. The second valve member 64 acts as
a guide, guiding movement of the spherical valve mem-
ber 60 away from its seating. In the illustrated, rest po-
sition of the valve 24, the valve member 60 is biased
into engagement with its seating, and the second valve
member 64 is biased into engagement with its seating.
When the pressure within the passage 22 is greater than
that within the supply passage 26 by more than a pre-
determined amount, the spherical valve member 60 is
lifted away from its seating against the action of the
spring 62 thus permitting fuel to flow to the supply pas-
sage 26. Should the pressure within the supply passage
26 become excessively large, fuel is prevented from re-
turning to the passage 22 by the engagement of the
spherical valve member 60 with its seating, the fuel
pressure acting against the second valve member 64
being sufficient to move the valve member 64 against
the action of the spring 66 permitting fuel to flow to an
outlet 68, thus relieving the excess pressure within the
supply passage 26.

In use, starting from the position in which the plung-
ers 46 occupy their innermost position, the rollers 48
having ridden over the crest of the cam lobes provided
on the cam ring 50 rotation of the drive shaft 16 and
distributor member 14 causes the inlet passages 38 to
register with the supply ports 36. The plungers 26 which
are spring biased into engagement with the cam surface
of the distributor member 14 occupy positions in which
the volume of the low pressure pumping chamber is rel-
atively large, this volume having been charged with fuel
by the low pressure feed pump 18 through the inlet non-
return valve 24. Continued rotation of the distributor
member 14 causes the plungers 28 to be forced radially
outward under the influence of the lobes 34 provided on
the distributor member 14. The outward movement of
the plungers 28 compresses the fuel in the low pressure
pumping chambers, displacing the fuel therefrom
through the supply port 36 to the inlet passages 38, the
fuelbeing displaced to the through bores provided in the
distributor member 14 pushing the plungers 46 radially
outwardly. The non-return valve 24 prevents fuel from
the low pressure pumping chambers being displaced
back to the passage 22.

The volume of the low pressure pumping chambers
is selected to be substantially equal to the maximum vol-
ume of the high pressure pumping chamber defined by
the through bores of the distributor member 14 and the
plungers 46, thus when the plungers 28 occupy their ra-
dially outer positions, the through bores are charged
with fuel and the plungers 46 occupy their outer posi-
tions. Figure 1 illustrates the pump in this position.
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Should excess fuel be supplied by the plungers 28, the
pressure within the supply passage 26 increases by a
sufficient amount to cause the second valve member 64
of the inlet non-return valve 24 to open, thus the excess
fuel is permitted to escape without significantly increas-
ing the pressure within the low pressure, intermediate
pumping chambers.

Continued rotation of the distributor member 14
breaks the communication between the inlet passages
38 and supply ports 36, and subsequently the delivery
passage 42 moves into register with one of the delivery
ports 44. Also, one of the inlet passages 38 registers
with the groove 59 which communicates with the inlet of
the solenoid actuated trigger valve 58, and one of the
recesses 57 registers with the outlet of the trigger valve
58. Shortly after such a position has been achieved, the
rollers 48 move into engagement with the cam lobes
provided on the cam ring 50. Such engagement results
in the plungers 46 commencing inward movement pres-
surizing the fuel within the high pressure pumping cham-
ber, and displacing fuel to the delivery port 44 which is
registered with the delivery passage 42.

In order to terminate the delivery of fuel, the sole-
noid actuated trigger valve 58 is opened to permit com-
munication between the inlet passage 38 which regis-
ters with the groove 59, and the chamber 55. Such com-
munication results in an increase in the pressure applied
to the chamber 55 causing the piston member 54 to
move lifting the spill valve member 52 away from the
end of the passage 40. Such movement permits fuel to
flow from the high pressure pumping chamber to the low
pressure drain thus relieving the pressure within the
high pressure pumping chamber. Continued inward
movement of the plungers 46 continues to displace fuel
past the spill valve member 52 to the low pressure drain.
Conveniently, substantially all of the pressurized, and
hence hot, fuel is displaced past the spill valve in order
to minimise heating of the distributor member 14.

After completion of inward movement of the plung-
ers 46, the pressure within the chamber 55 is insufficient
to maintain the spillvalve member 52 in its lifted position,
and the piston 54 moves under the action of a spring to
return the spill valve member 52 into engagement with
its seating. From this position, continued rotation of the
distributor member 14 breaks the communication be-
tween the delivery passage 42 and one of the delivery
ports 44 and between one of the inlet passages 38 and
the groove 59, and subsequently the inlet passages 38
will register with the supply ports 36 ready for another
filling cycle to occur.

It is convenient to wipe each of the delivery ports
44 other than the one which communicates with the de-
livery passage 42 with fuel at transfer pressure. In the
arrangement illustrated in Figure 1, this is achieved by
means of passages 78 which receive fuel at low, transfer
pressure fromthe low pressure pump 18, and a passage
80 provided in the distributor member 14 registrable, up-
on rotation of the distributor member, with both the pas-
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sages 78 and the delivery ports 44. In addition to wiping
the outlet ports 80, the passages 56 are also wiped
through a passage 82, thus ensuring that the fuel pres-
sure within the chamber 55 is reduced to an acceptable
level prior to commencement of fuel delivery from the
high pressure pumping chamber.

The distributor member 14 is of increased axial
length in order to house the cam surface with which the
plungers 28 engage, and in order to accommodate the
passages 56, the passages 56 are each composed of
three separate drillings. The central drilling of each pas-
sage 56 extends to the outer periphery of the distributor
member 14 and is closed by an annular ring 70 which
is mounted upon the distributor member 14 in a known
manner.

In an alternative embodiment, the inlet non-return
valve 24 may be replaced by a simple non-return valve,
a separate pressure relief valve being provided. In one
arrangement, the bores within which the plungers 28 are
reciprocable extend to the exterior of the body 10, and
a flexible annular member covers the open ends of the
bores. Upon the pressure within the bores exceeding a
predetermined level, the member flexes to permit vent-
ing of fuel from the bores.

Although the pump described hereinbefore is in-
tended for use with an engine having six cylinders or
combustion spaces, it will be appreciated that the inven-
tion is suitable for use with engines having fewer or a
greater number of cylinders.

Claims

1. A fuel pump comprising a high pressure pump, a
low pressure pump (18), and an intermediate pump
arrangement arranged to receive fuel from the low
pressure pump (18), and supply fuel to the high
pressure pump, the intermediate pump arrange-
ment operating in a timed relationship with the high
pressure pump.

2. Afuel pump as claimed in Claim 1, wherein the in-
termediate pump arrangement comprises a plurality
of pumping plungers (28) reciprocable under the in-
fluence of a cam surface (34).

3. Afuel pump as claimed in Claim 2, wherein the high
pressure pump includes a distributor member (14),
the cam surface (34) being provided on the distrib-
utor member (14).

4. A fuel pump as claimed in Claim 2 or Claim 3,
wherein the pumping plungers (28) include part
spherical end regions engageable with the cam sur-
face (34).

5. Afuel pump as claimed in any one of the preceding
claims, further comprising a non-return valve (24)
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located between the low pressure pump (18) and
the intermediate pump arrangement to prevent fuel
from returning from the intermediate pump arrange-
ment to the low pressure pump (18).

5
A fuel pump as claimed in Claim 5, further compris-
ing a pressure relief valve (64, 66) arranged to open
when the fuel pressure between the non-return
valve (24) and the intermediate pump arrangement
exceeds a predetermined level. 10
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