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(54) Hydraulic Pump

(57) A sinusoidal hydraulic pump that is particularly
suitable for use as a high pressure pump for a fuel in-
jection system of a compression ignition engine. The
pump includes first and second plungers, a filling plung-
er (110) and a delivery plunger (112), each of which is
reciprocable within a respective bore (120, 122) provid-
ed in a pump housing (124) under the influence of a re-
spective cam (114, 116) mounted upon a common cam
shaft (118). The bores (120, 122) communicate with
each other at their uppermost ends (in the orientation
shown) and define, together with end surfaces of the fill-

ing and delivery plungers (110, 112), a pump chamber
(126) for receiving fuel through a pump inlet port (130)
provided in a wall of the pump housing (124). The filling
plunger (110) cooperates with the inlet port (130) to pro-
vide a means for controlling fuel flow into the pump
chamber (126) from a low pressure fuel supply. A deliv-
ery port (132) is also provided in the pump housing (124)
in the region of the bore (122), and the outer surface of
the delivery plunger (112) cooperates with the delivery
port (132) to provide a means for controlling the delivery
of pressurised fuel from the pump chamber (126) to a
high pressure fuel volume.
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Description

[0001] The invention relates to a hydraulic pump for
pressurising liquids and, in particular, to a hydraulic
pump for fuel. The pump has particular application in
fuel injection systems for supplying high pressure fuel
to a compression ignition internal combustion engine,
and more particularly, but not exclusively, for use in com-
mon rail fuel injection systems.
[0002] Many current fuel injection systems for com-
pression ignition engines are of the common rail type,
in which fuel is pressurised to a high level by a pump for
supplying fuel to an accumulator volume in the form of
a common rail. The common rail supplies fuel to injec-
tors of the system, for delivery to the cylinders of the
associated engine. One known pump of the aforemen-
tioned type is described in our co-pending application,
EP 1 184 568A, and includes three pumping plungers
that are arranged at equi-angularly spaced locations
around a cam mounted upon an engine driven cam
shaft. The surface of the cam cooperates with all three
of the plungers, so that as the cam is driven each of the
plungers is caused to reciprocate within a plunger bore
in a phased, cyclical manner. As a result of reciprocating
motion of each plunger, fuel within an associated pump
chamber is pressurised to a high level for delivery to the
common rail. The use of three plungers is found to be
particularly advantageous as the load on the cam shaft
is substantially constant throughout a full, 360 degree
rotation of the cam. Dedicated inlet and delivery valves
control the supply of fuel into and out of each pump
chamber respectively. This, however, is disadvanta-
geous as a plurality of inlet and delivery valves are re-
quired, which contribute significantly to the overall cost
of the pump.
[0003] Pumps for gases are known in which the re-
quirement for inlet and delivery valves is avoided in a
dual plunger scheme. This is achieved through cooper-
ation of first and second pumping plungers of the pump
with respective inlet and delivery ports of the pump
chamber. One of the plungers cooperates with the inlet
port to control the flow into the pump chamber, and the
other plunger cooperates with the delivery port to control
the flow out of the pump chamber. The plungers are driv-
en approximately sinusoidally, typically by a crank shaft
and connecting rods, or by means of an eccentric cam.
Such pumps can be used to pump gases due to their
compressibility, but when driven in this manner it is not
possible to operate such pumps with liquids as a hydrau-
lic lock is formed in the pump chamber for periods of the
pumping cycle when both the inlet and delivery ports are
closed.
[0004] It is an object of the present invention to pro-
vide a hydraulic pump, suitable for use in a fuel injection
system of a compression ignition engine, which allevi-
ates or overcomes the aforementioned problems.
[0005] According to the present invention, there is
provided a hydraulic pump for performing a pumping cy-

cle having a filling phase during which a liquid is supplied
through an inlet port to a pump volume and a pumping
phase during which liquid is supplied from the pump vol-
ume through a delivery port, the pump comprising;

a filling plunger that is cooperable with the inlet port
to control the supply of liquid to the pump volume,

a delivery plunger that is cooperable with the deliv-
ery port to control the supply of liquid from the pump
volume, wherein each of the filling and delivery
plungers is driven, in use, to perform a pumping
stroke and a return stroke and such that movement
of one plunger is out of phase with movement of the
other plunger,

and wherein one of the filling or delivery plungers is pro-
vided with resilient means that serves to oppose liquid
pressure within the pump volume to permit variation of
the effective length of said plunger throughout the
pumping cycle, and thereby to ensure the pump volume
remains substantially constant during a period of the
pumping cycle for which both the inlet and delivery ports
are closed.
[0006] It is one benefit of the present invention that
the requirement for inlet and delivery valves to control
the flow into and out of the pump chamber is avoided,
and the plungers themselves cooperate with the inlet
and delivery ports to provide the valving function. Addi-
tionally, the pump only requires the use of two plungers.
[0007] It is known in gas pumps to provide plungers
that cooperate with inlet and delivery ports of a chamber
to control flow into and out of a pump chamber. The
plungers are driven to perform approximately or sub-
stantially sinusoidal motion, and during the pumping cy-
cle there are periods for which the volume of the pump
chamber is changing and for which both the inlet port
and the delivery port is closed by its respective plungers.
This is not a problem in a gas pump due to the com-
pressibility of gas, but it is not possible to translate this
technology to a hydraulic pump as the changing volume
of the pump chamber during periods in which both ports
are closed gives rise to a hydraulic lock and the pump
cannot operate.
[0008] The inventor has overcome this problem with
the realisation that by allowing the effective length of one
of the plungers to vary throughout the pumping cycle,
the pump chamber can be maintained at a substantially
constant volume during the period when both ports are
closed. The solution to this problem is achieved by pro-
viding one of the plungers with resilient means in the
form of a spring that is pre-loaded to oppose liquid pres-
sure within the pump volume, with the pre-load selected
to be greater than liquid pressure within the pump vol-
ume during the filling phase but less than liquid pressure
within the pump volume during the pumping phase. The
pre-load acts to reduce the effective length of the deliv-
ery plunger during the plunger return stroke, and to
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maintain the plunger at its reduced effective length dur-
ing an initial part of the return stroke, so as to maintain
the delivery port open for a longer period of time and to
maintain the volume of the pump chamber at a substan-
tially constant value during the period for which both the
delivery port and the inlet port are closed. The occur-
rence of a hydraulic lock is therefore avoided.
[0009] It will be appreciated that the properties of gas
and the characteristics of gas flow are quite different to
those of liquids and this creates technical problems
when applying gas pump technology to hydraulic appli-
cations. The inventor has overcome these technical
problems with the invention set out in this document.
[0010] In a preferred embodiment, the filling and de-
livery plungers are driven, in use, by a cam arrangement
including first and second cams for driving a respective
one of the filling and delivery plungers to perform ap-
proximate sinusoidal motion. The first and second cams
may be of substantially identical form and may be offset
angularly relative to one another around a common cam
shaft.
[0011] Alternatively, the filling and delivery plungers
may be driven by a common cam arrangement, with the
filling and delivery plungers spaced angularly around a
cam of the arrangement.
[0012] The cam arrangement may be arranged such
that movement of the filling plunger relative to the deliv-
ery plunger is out of phase by between 110 and 130 de-
grees, and more preferably between 120 and 130 de-
grees.
[0013] It has been found that a particular advantage
is obtained movement of the plungers is out of phase by
substantially 130 degrees.
[0014] In a first embodiment of the pump, the filling
plunger is provided with the resilient means and the fill-
ing plunger may be formed from first and second filling
plunger parts with the resilient means provided between
the first and second filling plunger parts.
[0015] In a second embodiment of the pump, the de-
livery plunger is provided with the resilient means and
the delivery plunger may be formed from first and sec-
ond delivery plunger parts with the resilient means pro-
vided between the first and second delivery plunger
parts.
[0016] The resilient means has a pre-load selected to
be greater than liquid pressure within the pump volume
during the filling phase but less than liquid pressure with-
in the pump volume during the pumping phase, and
whereby the resilient means adopts a relaxed state
when said liquid pressure is less than the pre-load and
is urged into a compressed state when said liquid pres-
sure exceeds said pre-load.
[0017] In a further preferred embodiment, the second
plunger part includes a stop member for engagement
with the first plunger part when the resilient means is in
a fully compressed state.
[0018] The pump may also include adjustment means
for adjusting the extent of variation of the effective length

of the plunger that is permitted, in use.
[0019] The adjustment means may include means for
adjusting the position of the stop member relative to the
second plunger part. The adjustment means may take
the form of a screw threaded arrangement which cou-
ples the stop member to the second plunger part.
[0020] Alternatively, or in addition, the adjustment
means may include means for varying the pre-load of
the resilient means. For example, the adjustment means
may include a shim or other intermediate piece, located
between the spring and the second plunger part, where-
by providing a shim of different size enables the setting
of different values for the pre-load of the resilient means.
[0021] In one embodiment, the resilient means takes
the form of a compression spring alternatively it may
take the form of a rubber spring or a pneumatic or hy-
draulic device.
[0022] The pump is particularly suitable for use in
pumping fuel for delivery to a compression ignition in-
ternal combustion engine, and especially for delivering
fuel to a common rail of a fuel injection system for such
an engine.
[0023] The invention will now be described, by way of
example only, with reference to the accompanying
drawings in which:

Figure 1 is a schematic diagram illustrating a front
view of a part of a known gas pump incorporating
first and second plungers,

Figure 2 is a schematic diagram illustrating a side,
perspective view of the gas pump in Figure 1,

Figure 3 is a graph illustrating characteristics of
plunger movement for the gas pump in Figures 1
and 2,

Figure 4 is a schematic diagram illustrating a front
view of a first embodiment of the hydraulic pump of
the present invention,

Figure 5 is an enlarged view of a delivery plunger
forming part of the hydraulic pump in Figure 4, and

Figure 6 is a graph illustrating plunger movement
characteristics for the embodiment of the hydraulic
pump shown in Figures 4 and 5.

[0024] The hydraulic pump of the present invention
provides a particular advantage when used as a fuel
pump of a fuel injection system for a compression igni-
tion engine. There are numerous, known designs for
such pumps, and more recently the focus has been on
pumps for use in common rail fuel injection systems, in
which the pump supplies pressurised fuel to a common
rail for delivery a plurality of injectors of the system. The
object of the present invention is to provide a fuel pump
that is suitable for use in a common rail fuel injection
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system, but which provides a cost benefit over known
designs by removing the need for inlet and delivery
valves. It is acknowledged that pumps utilising this fea-
ture exist in the field of gas pump technology, and by
way of background to the present invention one such
form of gas pump of this type is described below.
[0025] Referring to Figures 1 and 2, a known form of
pump for gases includes first and second plungers 10,
12 of cylindrical form that are driven, in use, by means
of a respective cam 14, 16, both of which are carried by
a common, engine driven cam shaft 18. As the cam shaft
18 is rotated, each of the plungers 10, 12 reciprocates
within a respective bore 20, 22 provided in a pump hous-
ing 24. The bores 20, 22 communicate with one another
and define, together with end surfaces 10a, 12a of the
first and second plungers respectively 10, 12, a pump
volume or chamber 26 for receiving a gas.
[0026] The pump housing is provided with first and
second ports 30, 32 that define inlet and delivery ports
respectively to the pump chamber 26. Gas at relatively
low pressure is supplied to the pump chamber through
the inlet port 30, and gas is pumped from the pump
chamber 26 through the delivery port 32. The outer cy-
lindrical surface of the first plunger 10 (referred to as the
"filling plunger") cooperates with the inlet port 30 as the
plunger 10 reciprocates within its bore 20, so as to pro-
vide a valving function for the inlet port 30. Thus, when
the filling plunger 10 occupies positions in the bore 20
for which the outer surface of the plunger 10 covers the
inlet port 30, gas is unable to flow into (or out of) the
pump chamber 26 through the inlet port 30. When the
surface of the filling plunger 10 uncovers the inlet port
30, a flow of gas into the pump chamber 26 is permitted.
[0027] In a similar manner, the outer cylindrical sur-
face of the second plunger 12 (referred to as the "deliv-
ery plunger") cooperates with the delivery port 30 as the
plunger 12 reciprocates within its bore 22, so as to pro-
vide a valving function for the delivery port 32. Thus,
when the delivery plunger 12 occupies positions in the
bore 22 for which the outer surface of the plunger 12
covers the delivery port 32, gas is unable to flow out of
(or in to) the pump chamber 26 through the delivery port
32.
[0028] As the cam shaft 18 is rotated through its full
360 degree cycle, each plunger 10, 12 is driven under
the influence of its respective cam to perform sinusoidal
motion, with each plunger having a forward stroke and
a return stroke. During its forward stroke, each plunger
10, 12 is driven inwardly within its bore 20, 22 in a di-
rection to close the respective port 30, 32, and continued
movement through the forward stroke thereafter main-
tains the port 30, 32 in its closed state. Whilst the plung-
ers are performing their forward strokes, the volume of
the pump chamber 26 above the associated plunger is
reducing. During its return stroke, each plunger 10, 12
moves outwardly from its bore 20, 22 in a direction to
open the respective port 30, 32, and continued move-
ment through the return stroke thereafter maintains the

port 30, 32 in its open state. Each plunger 10, 12 is urged
outwardly from its bore 20, 22 as a result of the force
due to gas acting on the uppermost end surface of the
plunger, so that the volume of the pump chamber 26
above the plunger is increasing during the plunger re-
turn strokes.
[0029] The cams 14, 16 for the filling and delivery
plungers 10, 12 respectively are of identical form, and
are mounted eccentrically on the cam shaft 18 (as seen
most clearly in Figure 2). The cams 14, 16 are angularly
offset relative to each other by 120 degrees, and thus
sinusoidal motion of the plungers is phased by 120 de-
grees.
[0030] Figure 3 illustrates the characteristics of plung-
er movement throughout the pumping cycle. Line 40
(solid line) represents movement of the filling plunger
10 throughout the pumping cycle (i.e. for a 360 degree
rotation of the cam 14), and line 42 (dashed line) repre-
sents movement of the delivery plunger 12 throughout
the pumping cycle (i.e. for a 360 degree rotation of the
cam 16). Line 44 (solid line) represents the period for
which the inlet port 30 is uncovered by the filling plunger
10, and line 46 (dashed line) represents the period for
which the inlet port 32 is uncovered by the delivery
plunger 12. Line 48 (dashed-dotted line) represents an
indication of the volume of the pump chamber through-
out a 360 degree pumping cycle.
[0031] At the start of the pumping cycle (0 degrees
cam rotation), the filling plunger 10 is at its outermost
position within its bore 20 (referred to as "bottom dead
centre") and, hence, the inlet port 30 is uncovered. Until
such time as the filling plunger 10 is driven to a position
in which its outer surface covers the inlet port 30 (at
about 70 degrees), gas is able to flow into the pump
chamber 26. During this period, between 0 and 70 de-
grees, the delivery plunger 12 is moving outwardly from
its bore 22 (its return stroke) and the delivery port 32 is
closed, so that gas is unable to escape from the pump
chamber 26. Once the inlet port 30 becomes covered
by the filling plunger 10, the further flow of gas into the
pump chamber 26 is prevented. Eventually, the delivery
plunger 12 is moved past the point at which the delivery
port 32 is uncovered (about 70 degrees) and the delivery
port 32 opens, thereby permitting pumped gas to es-
cape from the chamber 26 through the port 32.
[0032] At around 135 degrees of cam rotation, the de-
livery plunger 12 reaches the end of its return stroke (i.
e. "bottom dead centre) and commences its forward
stroke. The delivery plunger 12 forward stroke continues
until around 315 degrees of cam rotation when it reach-
es its innermost position in the bore 22 (referred to
as "top dead centre"). After about 200 degrees of cam
rotation it can be seen that the delivery port 32 is caused
to be closed by the delivery plunger 12, thereby prevent-
ing further delivery of gas through the delivery port 32.
During this period of cam rotation, between about 200
and 300 degrees, it can be seen from line 48 that the
volume of the pump chamber 26 is changing, but that
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the inlet port 30 is closed by the filling plunger 10 (so
that no further gas can flow in) and the delivery port 32
is closed (so that no further gas can flow out).
[0033] The hydraulic pump of a first embodiment of
the present invention is shown in Figure 4, and is par-
ticularly suitable for use as a high pressure pump for a
fuel injection system of a compression ignition engine.
The pump includes first and second plungers, a filling
plunger 110 and a delivery plunger 112, each of which
is reciprocable within a respective bore 120, 122 provid-
ed in a pump housing 124 under the influence of a re-
spective cam 114, 116 mounted upon a common cam
shaft 118, as described previously for the pump of Fig-
ure 1. The bores 120, 122 communicate with each other
at their uppermost ends (in the orientation shown) and
define, together with end surfaces of the filling and de-
livery plungers 110, 112, a pump chamber 126 for re-
ceiving fuel through a pump inlet port 130 provided in a
wall of the pump housing 124. The filling plunger 110
cooperates with the inlet port 130 to provide a means
for controlling fuel flow into the pump chamber 126 from
a low pressure fuel supply. A delivery port 132 is also
provided in the pump housing 124 in the region of the
bore 122, and the outer surface of the delivery plunger
112 cooperates with the delivery port 132 to provide a
means for controlling the delivery of pressurised fuel
from the pump chamber 126 to a high pressure fuel vol-
ume. Typically, the low pressure fuel supply may be a
low pressure pump, for example a transfer pump, and
the high pressure fuel volume may be a common rail of
a fuel injection system.
[0034] As can be seen more clearly in Figure 5, the
delivery plunger 112 is formed from two parts, a first up-
per part 112a and a second lower part 112b, between
which resilient means, in the form of a compression
spring 150, is located within a spring chamber 148. The
upper part 112a of the delivery plunger 112 cooperates
with the delivery port 132 to control fuel flow out of the
chamber 126. The lower part 112b of the delivery plung-
er 112 is provided with an abutment piece or stop 112c,
which extends part way through the spring 150 and
which, at its upper end, defines a stop surface 112d that
is engageable with the upper part 112a of the delivery
plunger 112 during certain phases of the pumping cycle.
The spring 150 is selected to have a pre-load that op-
poses fuel pressure within the pump chamber 126 and
is either urged into a relaxed state (as shown in Figure
5), when the pre-load overcomes fuel pressure within
the pump chamber 126 or is urged into a compressed
state when fuel pressure within the pump chamber 126
overcomes the pre-load. When in a relaxed state the up-
per part 112a of the delivery plunger 112 is spaced away
from the stop surface 112d, and when in a fully com-
pressed state the upper part 112a of the delivery plunger
112 is engaged with the stop surface 112d. Thus, as fuel
pressure within the pump chamber 126 varies through-
out the pumping cycle, the effective length of the deliv-
ery plunger 112 is varied as the upper part 112a of the

plunger 112 is moved (or not) under the influence of fuel
pressure within the pump chamber 126. It is this varia-
tion in the effective length of the delivery plunger (i.e.
the distance between the uppermost surface of the up-
per plunger part 112a exposed to fuel pressure within
the pumping chamber, and the lower surface of the low-
er plunger part 112b that permits a substantially con-
stant pump volume to be maintained during periods in
the pumping cycle for which both the inlet port 130 and
the delivery port 132 are covered by their respective
plungers 110, 112.
[0035] The switching of the spring 150 between its re-
laxed and compressed states is described further below
with reference to Figure 6, which shows the character-
istics of plunger movement and of the states of the inlet
and delivery ports 130, 132 through a full 360 degree
rotation of the cam shaft 118.
[0036] Line 160 represents movement of the filling
plunger 110, which is approximately sinusoidal, and it
can be seen that movement through the filling plunger
forward stroke (between 0 and 180 degrees) is symmet-
ric with movement through the return stroke (between
180 degrees and 360 degrees). Line 162 represents the
state of the inlet port 130, and it can be seen that be-
tween about 300 degrees of one cycle and about 65 de-
grees of the subsequent cycle the filling plunger 110 is
at a position within its bore 120 for which the inlet port
130 is uncovered. When the inlet port 130 is in this open
state, fuel is able to flow into the pump chamber 126
from the low pressure fuel supply. Line 170 (dashed line)
represents the state of the delivery port 132 throughout
the 360 degree cycle.
[0037] Line 164 (dashed) represents movement of the
delivery plunger 112 throughout a 360 degree cycle, and
it can be seen that plunger movement deviates from the
symmetric, sinusoidal motion of the filling plunger 110.
During various stages of the cycle, movement of the de-
livery plunger 112 will be influenced to a differing extent
by the pre-load of the spring 150. A first dotted line 166
is a hypothetical representation of movement of the de-
livery plunger 112, if it were to complete a full cycle with
the spring 150 in its relaxed state. A second dotted line
168 is a hypothetical representation of movement of the
delivery plunger 112, if it were to complete a full cycle
with the spring 150 its fully compressed state. Actual
movement of the delivery plunger 112 is illustrated by
line 164, and represents the spring 150 moving between
its fully compressed and relaxed conditions during the
cycle. Switching of the spring 150 between its relaxed
and compressed states has the effect of varying the ef-
fective length of the delivery plunger 112.
[0038] The pre-load of the spring 150 is selected such
that at commencement of the filling stroke of the filling
plunger 110, and during the period for which the inlet
port 130 is open (i.e. the "filling phase"), the spring 150
is relaxed and serves to urge the upper part 112a of the
plunger 112 away from the stop surface 112d. With the
spring in its relaxed state, the delivery plunger 112 there-
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fore has a first, relatively long effective length. It is im-
portant that the pre-load of the spring 150 is large
enough to maintain the delivery plunger 112 at its first,
longer effective length during the filling phase of the cy-
cle, so as to be sure the delivery port 132 is not open at
the same time as the inlet port 130. Movement of the
upper surface of the delivery plunger 112 (as represent-
ed by line 164) through this filling phase therefore fol-
lows line 166. During the filling phase the delivery port
132 remains covered by the outer surface of the upper
part 112a of the delivery plunger 112, and so fuel within
the pump chamber 126 is not delivered to the high pres-
sure fuel volume.
[0039] As illustrated by line 160, part way through the
forward stroke of the filling plunger 110, at about 60 de-
grees, the outer surface of the plunger 110 covers the
inlet port 130 and the supply of fuel to the pump chamber
126 is halted. As can be seen from line 164, at this point
the delivery plunger 112 is part way through its return
stroke, at the point at which the upper part 112a of the
plunger 112 moves past the delivery port 132 to open
communication between the pump chamber 126 and
the downstream high pressure fuel volume. The force
due to fuel pressure within the pump chamber 126 is
increased sufficiently to overcome the pre-load of the
spring 150, causing the upper part 112a of the plunger
112 to be urged towards the stop surface 112d. Between
about 85 and 130 the spring 150 is compressed, moving
between its fully relaxed and fully compressed states,
and the effective length of the delivery plunger 112 starts
to change. With the spring 150 fully compressed, the
upper part 112a of the plunger 112 is engaged with the
stop surface 112d and actual movement of the delivery
plunger 112 (as represented by line 164) then follows
line 168. The delivery plunger 112 continues its return
stroke, until about 135 degrees when it reaches bottom
dead centre, and then commences the subsequent for-
ward stroke.
[0040] As a result of full compression of the spring
150, with the delivery plunger 132 taking up a shorter
effective length, there is a longer period of the delivery
plunger forward stroke before the delivery port 132 is
closed than would otherwise be the case if the spring
were not present. This can be seen by comparing line
164 representing actual movement of the delivery
plunger 112 with line 166 representing plunger move-
ment if the spring 150 is always relaxed (or not present
at all). The point at which the delivery port 132 is closed
occurs at a plunger movement of about 2 units (y-axis),
and this occurs later for a delivery plunger of reduced
effective length.
[0041] For the period during which the delivery port
132 is open (the "pumping phase"), the filling plunger
110 continues its forward stroke (beyond the position at
which the inlet port 130 is closed), so that the volume of
the pump chamber 126 is reduced, therefore causing
fuel within the chamber to be pumped at increased pres-
sure through the open delivery port 132. At about 230

degrees of cam rotation, the delivery plunger 112 pass-
es the point in its forward stroke at which the delivery
port is closed (as represented by line 170). At this stage
the filling plunger 110 has passed top dead centre
(around 180 degrees) and is performing its return
stroke, with the inlet port 130 still closed. Between about
230 and 305 degrees both the inlet port 130 and the de-
livery port 132 are therefore both closed.
[0042] With both ports 130, 132 closed, the force due
to fuel within the pump chamber 126 acting on the upper
part 112a of the delivery plunger 112 is reduced, and
thus the spring 150 starts to relax. This causes the ef-
fective length of the delivery plunger 112 to be in-
creased, and at a cam shaft position of about 275 de-
grees movement of the delivery plunger 112 follows the
characteristic shown by line 166. It is an important fea-
ture of the present invention that the spring 150 is able
to relax during the period when both the inlet and deliv-
ery ports 130, 132 are closed, and it is by this means
that the volume of the pump chamber 126 maintains a
substantially constant volume during this time. It is this
that avoids the occurrence of a hydraulic lock, which
would otherwise occur if the pump chamber volume was
to change whilst both ports were closed.
[0043] Line 172 represents the volume of the pump
chamber 126 through a 360 degree rotation of the cam
shaft 118, and it can be seen that for the period during
which both the inlet port 130 and the delivery port 132
are closed by their respective plungers (referred to as
the "dead period"), the volume of the chamber 126 re-
mains substantially constant.
[0044] It is a consequence of providing the spring 150
that there is a period during which the delivery port 132
is open, but no pumping occurs. This arises as a result
of compression of the spring 150 due to increasing pres-
sure in the pump chamber 126 during the return stroke
of the delivery plunger 112 (between about 80 and 135
degrees). Compression of the spring 150 causes the up-
per part 112a of the plunger 112 to move relative to the
lower part 112b until the upper part 112a abuts against
the stop surface 112d, and in the absence of the spring
150 this increase in pressure within the pump chamber
126 would benefit pump output. Although there is a
slight reduction in pump efficiency, this is insignificant
and does not compromise successful operation of the
pump for hydraulic fluids.
[0045] In another embodiment of the hydraulic pump
(not shown) to that shown in Figure 4, the pump may be
provided with adjustment means for enabling the varia-
tion in effective plunger length to be adjusted, prior to
pump use. For example, the adjustment means may in-
clude means for varying the position of the stop 112c of
the delivery plunger 112 relative to the lower part 112b
of the plunger 112, so as to permit the change in effec-
tive length of the delivery plunger 112, between spring-
relaxed and spring-compressed states, to be adjusted.
This permits application of the pump in different envi-
ronments, and also permits differences in pumps of
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nominally identical specification to be accounted for at
the installation stage. The adjustment feature may be
provided a screw threaded arrangement, for screw
threading the stop member to the lower plunger part,
and by varying the extent to which the stop is screwed
into the plunger part prior to installation to achieve the
required variation in effective plunger length, in use.
[0046] Alternatively, or in addition, the adjustment
means may include means for varying the pre-load of
the spring 150 prior to use. For example, the plunger
may be provided with a shim that is located between the
upper surface of the lower plunger part 112b and the
base of the spring 150. Shims of different sizes enable
the pre-load of the spring 150 to be set to different val-
ues, as may be required for different pump applications
or different pump specifications.
[0047] In others embodiments of the hydraulic pump
to that described shown in Figure 4, the resilient means
by which the effective length of the delivery plunger 112
is varied may take a form other than a compression
spring 150. For example, the resilient means may be
provided by a rubber spring, by pneumatic device or by
means of a variable hydraulic pressure within the cham-
ber 148 between the upper and lower parts 112a, 112b
of the plunger 112, providing always that the biasing
force acting against fuel pressure within the pump
chamber 126, tending to increase the effective length of
the delivery plunger 112, is greater than fuel pressure
within the chamber 126 during the filling phase ("filling
pressure") but less than pressure within the pump cham-
ber 126 during the pumping phase ("pumping pres-
sure").
[0048] It will be appreciated that each plunger 110,
112 need not be driven by its own dedicated cam, but
alternatively both plungers may be driven by a common
cam. To achieve the desired phase difference between
plunger motion, the plungers 110, 112 may be spaced
angularly around the common cam by the required
amount, for example 130 degrees.
[0049] In a still further embodiment, it is also possible
to provide the filling plunger 110 with resilient means for
varying the effective length of the filling plunger through-
out the 360 degree pumping cycle. This may be
achieved in a similar manner to that described for the
delivery plunger 112 in the Figure 4 embodiment, by
forming the filling plunger in two parts and by providing
a spring or other resilient means between the two plung-
er parts. The filling plunger spring is selected to have a
pre-load greater than liquid pressure within the pump
volume during the filling phase (i.e. so the filling plunger
has a relative long effective length) but less than liquid
pressure within the pump volume during the pumping
phase (i.e. so the filling plunger takes up a reduced ef-
fective length). This means that the filling plunger keeps
the inlet port closed for longer during the pumping cycle,
with the result that the pump volume is maintained at a
substantially constant value for that period of the cycle
for which both the inlet and delivery ports are closed.

[0050] It will be appreciated that the adjustment fea-
ture for enabling the variation in effective plunger length
and/or for enabling the setting of different spring
preloads may also be included in embodiments of the
invention where it is the effective length of the filling
plunger 110 that is variable.

Claims

1. A hydraulic pump for performing a pumping cycle
having a filling phase during which a liquid is sup-
plied through an inlet port (130) to a pump volume
(126) and a pumping phase during which liquid is
supplied from the pump volume through a delivery
port (132), the pump comprising;

a filling plunger (110) that is cooperable with the
inlet port (130) to control the supply of liquid to
the pump volume (126),

a delivery plunger (112) that is cooperable with
the delivery port (132) to control the supply of
liquid out of the pump volume (126), wherein
each of the filling and delivery plungers
(110,112) is driven, in use, to perform a pump-
ing stroke and a return stroke and such that
movement of one of said plungers is out of
phase with movement of the other of said
plungers,

and wherein one of the filling or delivery plungers
(110,112) is provided with resilient means (150) that
serves to oppose liquid pressure within the pump
volume (126) to permit variation of the effective
length of said plunger throughout the pumping cy-
cle, and thereby to ensure the pump volume re-
mains substantially constant during a period of the
pumping cycle for which both the inlet and delivery
ports (130,132) are closed.

2. A hydraulic pump as claimed in Claim 1, whereby
the filling and delivery plungers (130,132) are driv-
en, in use, to perform sinusoidal motion and where-
by movement of the plungers is out of phase by be-
tween 110 and 130 degrees.

3. A hydraulic pump as claimed in Claim 2, whereby
the filling and delivery plungers (110,112) are driv-
en, in use, such that movement of the plungers is
out of phase by between 120 and 130 degrees.

4. A hydraulic pump as claimed in Claim 3, whereby
movement of the plungers is out of phase by sub-
stantially 130 degrees.

5. A hydraulic pump as claimed in any one of Claims
1 to 4, including a first cam (114) for driving the filling
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plunger (110) and a second cam (116) for driving
the delivery plunger (112).

6. A hydraulic pump as claimed in Claim 5, wherein
the first and second cams (114,116) are of substan-
tially identical form and are offset angularly relative
to one another by about 130 degrees around a com-
mon cam shaft (118).

7. A hydraulic pump as claimed in any one of Claims
1 to 6, wherein the filling plunger (110) is formed
from first and second plunger parts and wherein the
resilient means is provided between the first and
second plunger parts.

8. A hydraulic pump as claimed in any of Claims 1 to
6, wherein the delivery plunger (112) is formed from
first and second plunger parts (112a, 112b) and
wherein the resilient means (150) is provided be-
tween the first and second plunger parts.

9. A hydraulic pump as claimed in Claim 7 or Claim 8,
wherein the resilient means (150) has a pre-load se-
lected to be greater than liquid pressure within the
pump volume (126) during the filling phase but less
than liquid pressure within the pump volume (126)
during the pumping phase, and whereby the resil-
ient means is urged into a relaxed state when said
liquid pressure is less than the pre-load and into a
compressed state when said liquid pressure ex-
ceeds said pre-load.

10. A hydraulic pump as claimed in any one of Claims
7 to 9, further comprising adjustment means for per-
mitting adjustment of the extent of variation of the
effective length of the plunger.

11. A hydraulic pump as claimed in Claim 10, wherein
the second plunger part (112b) includes a stop
member (112c) for engagement with the first plung-
er part (112a) when the resilient means (150) is in
a fully compressed state.

12. A hydraulic pump as claimed in Claim 11, where the
adjustment means includes means for adjusting the
position of the stop member (112c) relative to the
second plunger part (112b).

13. A hydraulic pump as claimed in Claim 12, wherein
the adjustment means includes a screw threaded
arrangement that couples the stop member (112c)
to the second plunger part (112b).

14. A hydraulic pump as claimed in any one of Claims
10 to 13, wherein the adjustment means includes
means for varying the pre-load of the resilient
means (150).

15. A hydraulic pump as claimed in Claim 14, wherein
the adjustment means includes a shim located be-
tween the resilient means (150) and the second
plunger part (112b), whereby providing a shim of dif-
ferent size enables different preloads of the resilient
means to be set.

16. A hydraulic pump as claimed in any of Claims 1 to
15, wherein the resilient means takes the form of a
compression spring (150).

17. A hydraulic pump as claimed in any one of Claims
1 to 16, for use in pumping fuel for delivery to a com-
pression ignition internal combustion engine.

18. A hydraulic pump as claimed in Claim 17, for use in
delivering fuel to a common rail of the engine.
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