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(54) Systems and methods for fluid pump outlet pressure regulation

(57) Fluid pump pressure regulation systems and
methods have a valve body (94) with a bore (48) and a
valve spool (70). The valve spool (70) connects a first
(50) and second port (54) to a third port (56) in different
valve spool positions. The first port (50) is in fluid com-
munication with an output of a fluid pump (26) to receive
a first fluid pressure from the fluid pump (26). The second
port (54) is in fluid communication with a fluid reservoir
(22). The third port (54) is in fluid communication with a
fluid pump (26) input to provide a second fluid pressure
to the fluid pump (26) to control the first fluid pressure
from the fluid pump (26). A linear actuator (46) is adjacent
the valve body (96), with a first spring (90) and a second
spring (126) biasing the valve spool in a first or second
direction.
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Description

1. Field of the Invention

[0001] The present invention relates to fluid pump out-
let pressure regulation; and in particular to fluid pump
outlet pressure regulation as a function of engine speed.

2. Description of the Related Art

[0002] It is known in the art relating to fluid pumps, such
as engine oil pumps, to vary the pump output (displace-
ment) as a function of pump outlet pressure in order to
maintain a desired pump outlet pressure as the speed of
the engine driving the pump is varied. Regulating the fluid
pump outlet pressure can increase engine efficiency by
reducing the volume of oil pumped at higher engine
speeds with a resultant saving of energy.
[0003] Pressure-lubrication has been used with auto-
motive internal combustion engines for many years. Typ-
ically, a single pressure relief valve is used to limit the
maximum pressure developed by an oil pump. The relief
pressure is usually set at a fairly high value, in order to
assure that the engine receives adequate lubrication in
all operating conditions from idle to maximum speed-load
operation. Unfortunately, this causes the lubrication
pump’s energy consumption to be higher than would oth-
erwise be ideal, because in many operating regimes, only
a reduced volume and pressure of oil is required by the
engine.
[0004] Other engine lubrication systems use an elec-
trically operated pressure control valve. A solenoid opens
and closes a ball valve to control the pressure within a
pilot chamber for a pressure valve
[0005] It would be desirable to provide an engine lu-
brication system in which an engine is reliably protected
with a pressure control valve, combined with the capa-
bility of maintaining an oil pressure within a predeter-
mined pressure range so as to promote fuel economy
improvement during all operating regimes.

Summary of the Inventions

[0006] In one embodiment, a fluid pump pressure reg-
ulation system a valve, the valve having a valve body
with a bore and a valve spool slideably received within
the bore. The valve body has a first port, a second port
and a third port in fluid communication with the bore. The
valve spool selectively connects the first port and the
second port to the third port in different positions of the
valve spool in the bore. The first port is in fluid commu-
nication with an outlet of a fluid pump to receive a first
fluid pressure at the first port, the first fluid pressure hav-
ing a first pressure level. The second port is in fluid com-
munication with a fluid reservoir, the fluid reservoir to
provide a source of fluid for the fluid pump. The third port
is in fluid communication with a control port of the fluid
pump to provide a second fluid pressure at the third port,

the second fluid pressure having a second pressure level,
the second pressure level to control the first pressure
level from the fluid pump.
[0007] A linear actuator is adjacent the valve body and
operatively coupled to the valve spool. A first spring bi-
ases the valve spool with respect to the valve body toward
a second position when the first pressure level at the first
port is less than a given threshold level. The valve spool
is biased toward the first position when the first pressure
level at the first port is greater than the given threshold
level, and wherein activation of and deactivation of the
linear actuator changes the given threshold level.
[0008] In another embodiment, a fluid pump pressure
regulation system has a valve body with a bore and hav-
ing a first port, a second port and a third port in commu-
nication with the bore. The first port is in fluid communi-
cation with a fluid pump outlet. The second port is in fluid
communication with a fluid reservoir, the fluid reservoir
to provide a source of fluid for the fluid pump. The third
port is in fluid communication with a control port of the
fluid pump wherein pressure applied to the control port
controls flow of fluid from the fluid pump outlet. A valve
spool is slideably received within the bore and has a first
position in which the first port is connected to the third
port and a second position in which the second port is
connected to the third port.
[0009] An actuator is adjacent the valve body and op-
eratively coupled to the valve spool. A first spring biases
the valve spool into a second position when pressure at
the first port is less than a given threshold level. The valve
spool is in the first position when pressure at the first port
is greater than the given threshold level, and wherein
activation of and deactivation of the linear actuator
changes the given threshold level.
[0010] In yet another embodiment, a method for fluid
pump outlet pressure regulation includes the steps of pro-
viding a hydraulic valve, the hydraulic valve including a
valve body with a bore and having a first port, a second
port and a third port in communication with the bore. The
first port is in fluid communication with a fluid pump outlet
having a first pressure level. The first port is to receive
the first pressure level from the fluid pump. The second
port is in fluid communication with a fluid reservoir, the
fluid reservoir to provide a source of fluid for the fluid
pump. The third port is in fluid communication with a con-
trol port of the fluid pump having a second pressure level,
the third port to provide the second pressure level to the
fluid pump to control the first pressure level from the fluid
pump. A valve spool is slideably received within the bore
and has at least a first position and a second position. A
first spring biases the valve spool toward the second po-
sition. A linear actuator is adjacent the valve body and
operatively coupled to the valve spool. The steps include
operating the linear actuator to apply a force on the valve
spool to vary a pressure threshold at the first port that is
required to move the valve spool and to regulate the fluid
pump outlet pressure.
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Brief Description of the Drawings

[0011]

FIG. 1 is a schematic view of a system for controlling
an oil pump that supplies lubricating oil to an internal
combustion engine, according to embodiments of
the present invention;

FIG. 2 is a longitudinal cross-sectional view through
a pressure control valve usable in the system of FIG.
1, wherein a linear actuator is deactivated and a hy-
draulic valve is operating at a high pressure condi-
tion;

FIG. 3 is an isometric view of an armature assembly
in the pressure control valve shown in FIG. 2;

FIG. 4 is an isometric view of an alternative armature
assembly in the pressure control valve;

FIG. 5 shows one end of an alternative cage that can
be part of a bearing on the armature assembly shown
in FIG. 4;

FIG. 6 is an isometric view of the cage shown in FIG.
4;

FIG. 7 is a plan view of another end of the cage shown
in FIG. 4;

FIG. 8 is a cross sectional view taken along line 8-8
in FIG. 4;

FIG. 9 is a longitudinal cross-sectional view through
the pressure control valve of FIG. 2, and showing
the pressure control valve in a condition with no cur-
rent applied and no pressure applied to the first port;

FIG. 10 is a longitudinal cross-sectional view through
the pressure control valve of FIG. 2, and showing
the pressure control valve in a condition with no cur-
rent applied and a pressure applied to the first port;

FIG. 11 is a longitudinal cross-sectional view through
the pressure control valve of FIG. 2, and showing
the pressure control valve in a condition with a cur-
rent applied to the coil and a pressure applied to the
first port;

FIGS. 12 and 13 are graphs showing the effect of
current applied to the coil on the pressure at the first
port and the third port;

FIGS. 14-16 are longitudinal cross-sectional views
through an alternative pressure control valve having
reverse logic to the pressure control valve shown in
FIG. 2;

FIG. 17 is a longitudinal cross-sectional view through
an alternative pressure control valve, and showing
a four port valve; and

FIG. 18 is a longitudinal cross-sectional view through
an additional alternative pressure control valve.

Detailed Description of the Invention

[0012] With reference to FIG. 1, a fluid pressure regu-
lation system 20 for controlling the supply of lubricating
oil 22 to an internal combustion engine 24 is shown. The
engine 24 includes an oil pump 26 and an oil reservoir
30 containing a supply of lubricating oil 22. An oil distri-
bution network 32 connects the engine 24 with the oil
pump 26 and oil reservoir 30.
[0013] The fluid pressure regulation system 20 also
includes a pressure control valve 36. The pressure con-
trol valve 36 is in fluid communication with the oil pump
26, the oil reservoir 30 and the oil distribution network
32. The pressure control valve 36 serves to control the
oil pressure within the oil distribution network 32 and to
the engine 24.
[0014] As is well known in the art, the oil pump 26 is
typically mechanically driven by rotation of the engine’s
crankshaft (not shown), although other pump arrange-
ments are also well known. The oil pump 26, however,
differs from conventional pumps in that its displacement,
i.e., the output volume, can be varied by a pressure level
applied to a control port 38 on the oil pump 26. Varying
that pressure varies the amount of flow that the oil pump
26 supplies from the oil reservoir 30 through an oil filter
42 to cavities at the upper parts of the engine 24. From
those cavities, the oil 22 flows through the engine 24 by
gravity until returning to the oil reservoir 30.
[0015] It should be understood that if the displacement
of the oil pump 26 is held constant, the oil flow and the
oil pressure at the output 52 of the oil filter 42 can be
directly related to the speed of the engine 24. It is desir-
able, however, that the amount of oil 22 applied to the
engine, and thus the pressure of that oil, be held within
a predefined range regardless of engine speed.
[0016] Pressure control valve 36 is used to vary the
displacement of the oil pump 26 to maintain the oil flow
within the predefined range as the engine speed varies.
In order to accomplish this, the pressure control valve 36
includes a hydraulic valve 44 attached to a linear actuator
46. Each will be described in greater detail below.
[0017] Referring to FIGS. 1 and 2, the hydraulic valve
44 has a valve bore 48 extending longitudinally there
through with at least a first port 50, a second port 54, and
a third port 56 opening into the valve bore 48. In the em-
bodiment shown, the first port 50 receives the pressu-
rized oil 22 from the oil filter output 52, and the second
port 54 allows oil 22 to flow back to the oil reservoir 30.
The third port 56 is connected to the control port 38 of
the oil pump 26. The third port 56 is located along the
valve bore 48 between the first port 50 and the second
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port 54. The first port 50 typically is connected to a source
of pressurized fluid, such as the oil filter output 52, and
the second port 54 is usually connected to a return line
60 leading to the oil reservoir 30. An opening 64 at the
end 66 of the valve bore 48 can be included to provide
an alternative outlet port.
[0018] By varying the position of a valve spool 70 within
the valve bore 48, pressure from the oil pump 26 can be
applied to the control port 38 in varying degrees and al-
ternatively low pressure in the oil reservoir 30 can be
applied to the control port 38 of the oil pump 26 by con-
necting the second port 54 and the third port 56. It is to
be appreciated that the arrangement or placement of the
ports can be altered or referred to by different names,
yet still provide the same functionality.
[0019] The valve spool 70 is slideably received within
the valve bore 48. In some embodiments, the valve spool
70 has a first land 72 near a first end 74 and a second
land 78 near a second end 80, with a first recessed sec-
tion 82 between the first land 72 and the second land 78,
thereby forming a groove 84 around the valve spool 70.
A reduced diameter, second recessed section 86 ex-
tends between the first land 72 and the first end 74 of the
valve spool 70. A first spring 90 biases the valve spool
70 away from an adjustment screw 68 at the end 66 of
the valve bore 48. Specifically the first spring 90 engages
the valve spool 70 adjacent the first end 74. The first
spring 90 forces the valve spool 70 toward the linear ac-
tuator 46. The second end 80 of the valve spool 70 is
near an end 92 of the valve body 94 that is secured to
the linear actuator 46.
[0020] The linear actuator 46 includes an electromag-
netic coil 98 that is wound around a non-magnetic bobbin
100 which has a central opening 104. The linear actuator
46 also has two tubular pole pieces 106 and 108. The
upper pole piece 106 extends into one end of the bobbin’s
central opening 104 and the lower pole piece 108, adja-
cent the valve body 94, extends into the other end of the
central opening 104. The pole pieces 106 and 108 are
spaced slightly apart from one another in the bobbin 100.
An inverted, cup-shaped solenoid tube 112 extends into
the two pole pieces 106 and 108 and has an open end
facing the valve body 94 and a closed end within the
upper pole piece 106. References herein to directional
relationship and movement, such as upper and lower and
up and down, refer to the relationship and movement of
components in the orientation shown in the drawing,
which may not be the orientation of those components
when the valve is attached to a machine.
[0021] A ferromagnetic armature 114 is slideably re-
ceived within the solenoid tube 112 and has a tubular
push pin 116 secured within a central aperture through
the armature 114. The push pin 116 can have a notch
120 at its upper end to allow fluid to enter when that end
abuts the closed end 122 of the solenoid tube 112. The
push pin 116 and the armature 114 move as a unit within
the non-magnetic solenoid tube 112 in response to an
electromagnetic field produced by electric current flowing

through the coil 98. The electric current can be applied
to the coil 98 from a computer operated engine control
unit, for example.
[0022] The tubular configuration of the push pin 116
allows oil 22 to flow between opposite sides of the arma-
ture 114 during that movement. The push pin 116 projects
from the armature 114 toward the valve body 94 and has
a remote end 122 that engages and preferably is secured
to a bushing 124. The bushing 24 can serve as a guide
for a second spring 126 that extends between the bushing
124 and the second end 80 of the valve spool 70. There-
fore, the second spring 126 tends to bias the valve spool
70 away from the linear actuator 46 and toward the end
opening 64 of the valve bore 48. The armature 114, the
push pin 116 and the bushing 124 form an armature as-
sembly 128, however two or all three of those compo-
nents could be fabricated from a single piece of material.
Furthermore, that armature assembly 128 may have a
different shape as long as it provides the same function-
ality, as will be described.
[0023] Referring to FIGS. 2 and 3, a bearing 130 can
be mounted on the push pin 116, and can be part of the
armature assembly 128. An axial force is applied to the
armature 114 by the magnetic flux at the end of the lower
pole piece 64, and bearing 130 at this location prevents
binding of the armature due to that axial force. In some
embodiments, the bearing 130 can comprise a cage 132
fabricated of a non-magnetic material, preferably a resil-
ient plastic. The cage 132 is a single piece with two
spaced-apart end rings 134 and 136 between which five
walls 138 extend, equidistantly spaced around the cage
132. Each wall 138 has a somewhat Y-shaped cross sec-
tion, as seen in the cross section of FIG. 7, so as to be
wider at the outer curved surface of the cage 132 than
toward the center of the cage. Five longitudinal slots 140
are formed between adjacent ones of the five walls 138.
The outer surfaces of the walls 138 are concave forming
longitudinal channels 142 that extend the entire length
of the walls 138. These channels 142 allow fluid to flow
around the cage 132 which reduces resistance to the
sliding motion of the armature 114 that would otherwise
occur due to restricted fluid flow.
[0024] As show in FIGS. 2 and 3, a separate chromium
plated sphere 146 provides a rollable element in each
slot 140. The top of each generally Y-shaped wall 138
spreads into each slot 140 thereby narrowing the slot
opening in the exterior curved surface of the cage 132
so that the spheres 146 are captured and cannot freely
exit the slot 140. The plastic material of the cage 132 is
resilient allowing adjacent walls 138 to be spread apart
enough to allow insertion of a sphere 146 into the asso-
ciated slots 140 and then return to their original positions
to retain the sphere 146. The rings 134 and 136 at each
end of the cage 132 prevent the spheres 146 from
traveling out the ends of the slots 140. The term "cap-
tured" as used herein means that the spheres 146 are
retained by the walls 138 and rings 134 and 136 of the
cage 132 without requiring other components as in prior
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armature assembly designs. As seen in FIG. 2, each
sphere 146 projects from the respective slot 140 into con-
tact with the solenoid tube 112 and is able to roll within
the respective slot 140. Other forms of rollable elements,
such as cylinders, may be used in place of the spheres
146.
[0025] In an alternative embodiment seen in FIGS. 4-8,
the cage 132 can include a latch 150 that comprises five
L-shaped fingers 152 that project outwardly from the sec-
ond ring 136 with finger tabs 154 that protrude into an
annular groove 156 around the push pin 116. Engage-
ment of the finger tabs 154 with the push pin’s annular
groove 156 retains the cage 132 against the armature
114. Alternatively, the cage 132 and the push pin 116
can be fabricated as a single plastic part.
[0026] The components of the linear actuator 46 de-
scribed thus far can be enclosed in an exterior metal
housing 160 that is crimped into a notch 162 around the
valve body 94 to secure the linear actuator 46 to that
valve body 94. In some embodiments, the electromag-
netic coil 98 can include overmolded plastic and can then
be installed in the housing 160. In an alternative embod-
iment, a plastic material can be injected into the housing
160 to form an over-molded enclosure 164 that extends
around the electromagnetic coil 98 and projects through
an opening 166 in the housing 160 to form an external
electrical connector 170 for the electromagnetic coil 98.
A metal end plate 172 closes the end of the housing 160
that is remote from the valve body 94.
[0027] In one exemplary use, the pressure control
valve 36 is adapted to be installed in a fluid pressure
regulation system 20 in which oil 22 from the oil pump
26, is applied to the first port 50 and in which a return line
60 to the oil reservoir 30 is connected to the second port
54. The third port 56 is connected to a device, i.e., the
oil pump 26, that is being controlled by the pressure of
the oil 22.
[0028] FIG. 9 depicts the de-energized state of the
pressure control valve 36 when there is zero current flow-
ing through the electromagnetic coil 98 and when pres-
sure at the first port 50 is zero or relatively low, such as
occurs prior to starting the oil pump 26. At that time, the
first spring 90 has more preload than the second spring
126 and the valve spool 70 is in a first position 168. In
this configuration, the oil pump 26 would be at maximum
displacement. In the first position 168, the valve spool 70
would be positioned such that the groove 84 around the
valve spool 70 communicates with only the first port 50.
However, the second recessed section 86 at the first end
74 of the valve spool adjacent to the first spring 90 pro-
vides a path 178 for oil 22 to flow from the third port 56
to the second port 54 and to the oil reservoir 30, thereby
releasing any pressure at the third port 56.
[0029] Referring to FIG. 10, when the oil pump 26 is
activated, the pressure at the first port 50 begins increas-
ing. That pressure is communicated past the second end
80 of the valve spool 70 through a pilot passage 180, so
that the same pressure exists in a pilot chamber 182 be-

tween the valve spool 70 and the bushing 124. When the
pressure exceeds a first predetermined pressure thresh-
old, the combined force from that pressure and the sec-
ond spring 126 that is exerted on the second end 80 of
the valve spool 70 is greater than the opposing force of
the first spring 90, thereby resulting in downward move-
ment of the valve spool 70 toward a second position 174,
which compresses the first spring 90. When the pressure
reaches the first predetermined pressure threshold, e.g.,
4.5 bar, or more or less, the valve spool 70 moves into
a position at which the first land 72 on the valve spool 70
closes communication between the third port 56 and the
second port 54, and the annular groove 84 communi-
cates with both the first port 50 and the third port 56,
thereby providing a fluid path 184 there between. This
fluid path 184 increases the pressure at the third port 56
which de-strokes the oil pump 26 and prevents the oil
pump from exceeding the first predetermined pressure
threshold.
[0030] Thereafter, when pressure at the inlet port 50
decreases significantly, the first spring 90 forces the
valve spool 70 upward into the position illustrated in FIG.
9, at which the third port 56 can again communicate with
the second port 54.
[0031] Referring to FIG. 11, when the solenoid coil 98
is energized by an electric current, and with a predeter-
mined pressure threshold, e.g., 4.5 bar, at the first port
50, the resultant electromagnetic field causes the arma-
ture 114 to move downward within the solenoid tube 112
from the position illustrated in FIG. 10 into the third po-
sition 176 in FIG. 11. Because the armature 114 is cou-
pled by the push pin 116 to the bushing 124, the bushing
124 also moves downward until it strikes the upper end
92 of the valve body 94 which limits the amount of bushing
motion regardless of the force produced by the electro-
magnetic field. This action initially compresses the sec-
ond spring 126, thereby exerting a greater force on the
valve spool 70 than the force from the opposing first
spring 90. The resultant force imbalance causes the
valve spool 70 to move downward compressing the first
spring 90. Upon the bushing 124 resting against the up-
per end 92 of the valve body 94, the two springs 90 and
126 again reach a force equilibrium which positions the
valve spool 70 in a more downward location than before
the solenoid coil 98 was energized. In this third position
176, the first port 50 is connected to the third port 56 by
the path 188 around the valve spool’s annular groove 84.
[0032] The downward shift of the valve spool 70, pro-
duced by energizing the linear actuator 46, compresses
both the first spring 90 and the second spring 126 a great-
er amount than when the linear actuator is de-energized.
The compression of the first spring 90, in particular, alters
the magnitude of the pressure required at the first port
50 to move the valve spool 70 into the third position 176
at which the path 188 is created between the first port 50
and the third port 56. This fluid path 188 again increases
the pressure at the third port 56 which de-strokes the oil
pump 26 and reduces the pressure from the oil pump 26
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to something less than the first predetermined pressure
threshold.
[0033] The magnitude of pressure that needs to be ap-
plied to the first port 50 for this action to occur (a second
predetermined pressure) is less than the first predeter-
mined pressure threshold for creating the path 184 (see
FIG. 10) when the linear actuator 46 is de-energized.
That second predetermined pressure can be determined
by the stroke of the bushing 126 and the rate or force of
the second spring 126, but is unaffected by the electro-
magnetic force which eliminates the need for accurate
control of that force. Thus, by selectively energizing or
de-energizing the linear actuator 46, the pressure at the
first port 50 that is required to open communication be-
tween the first port 50 and the third port 56 can be set at
two different predetermined pressures. Selecting the par-
ticular pressure alters the pressure response character-
istic of the pressure control valve 36 and likewise oper-
ation of the oil pump 26 connected to the third port 56.
[0034] This response is shown graphically in FIGS. 12
and 13. With the first port 50 pressure at approximately
4.5 bar and the third port 56 pressure at approximately
0.4 bar, as current 190 to coil 98 increases to approxi-
mately 0.4 amps, the valve spool 70 begins to move,
causing the pressure at the first port 50 to decrease and
the pressure at the third port 56 to increase. As the current
190 continues to increase, at about 0.9 amps, the pres-
sure at the first port 50 reduces and levels off to approx-
imately 1.0 bar and the pressure at the third port 56 to
increase to approximately 0.8 bar and level off. FIG. 13
shows a predetermined pressure range 192 of about 1.0
bar to about 4.5 bar. It is to be appreciated that the pre-
determined pressure range 192 can vary based on a par-
ticular application’s requirements.
[0035] FIGS. 14-16 show an alternative configuration
of a pressure control valve 236. Pressure control valve
236 is similar to pressure control valve 36, except pres-
sure control valve 236 includes a spool 270 that is con-
figured to provide a reverse logic to that of pressure con-
trol valve 36. For example, FIG. 14 depicts the de-ener-
gized state of the pressure control valve 236 when there
is zero current flowing through the electromagnetic coil
98 and when pressure at the first port 50 is zero or rela-
tively low. At that time, the first spring 90 has more preload
than the second spring 126 and the valve spool 70 is in
a first position 268. In this configuration, the oil pump 26
would be at maximum displacement. In the first position
268, the valve spool 270 would be positioned such that
the groove 84 around the valve spool 270 communicates
with the first port 50 and the third port 56 providing path
278 for oil 22 to flow out of the third port 56 and to the
control port 38. Valve spool 270 will stay in this position
until the pressure at the first port 50 reaches a predeter-
mined pressure, e.g., 4.5 bar.
[0036] Referring to FIG. 15, as the pressure at the first
port 50 rises, it overcomes the second spring 126 preload
via pilot passage 180 and the spool 270 is pushed down.
When the pressure at the first port 50 reaches the pre-

determined pressure, the spool 270 is force balanced
and reaches a null position 274.
[0037] Referring to FIG. 16, thereafter, when the sole-
noid coil 98 is energized by an electric current, the re-
sultant electromagnetic field causes the armature 114 to
move downward within the solenoid tube 112 from the
position illustrated in FIG. 15 into the position 276 in FIG.
16. Because the armature 114 is coupled by the push
pin 116 to the bushing 124, the bushing 124 also moves
downward until it strikes the upper end 92 of the valve
body 94 which limits the amount of bushing motion re-
gardless of the force produced by the electromagnetic
field. This action initially compresses the second spring
126, thereby exerting a greater force on the valve spool
270 than the force from the opposing first spring 90. The
resultant force imbalance causes the valve spool 270 to
move downward compressing the first spring 90. Upon
the bushing 124 resting against the upper end 92 of the
valve body 94, the two springs 90 and 126 again reach
a force equilibrium which positions the valve spool 270
in a more downward location than before the solenoid
coil 98 was energized. In this third position 276, the sec-
ond port 54 is connected to the third port 56 by the path
288 around the valve spool’s annular groove 84.
[0038] Referring to FIG. 17, an alternative configura-
tion of a pressure control valve 336 is shown. Pressure
control valve 336 is similar to pressure control valves 36
and 236, except pressure control valve 336 includes a
fourth port 358. With the three-port style pressure control
valves 36 and 236, the third port 56 pressure can never
exceed the first port 50 pressure, which is the oil filter
outlet pressure 52. For the four-port pressure control
valve 336, the pilot signal at the fourth port 358 is the oil
filter outlet pressure 52, and the first port 50 receives the
pump discharge pressure 28, which is higher than the oil
filter outlet pressure 52 due to the pressure drop across
the oil filter 42. In this case, the de-stroke pressure can
be equal to the pump discharge pressure 28 and exceed
the oil filter outlet pressure 52. This allows the oil pump
26 to use a stiffer spring (not shown), which can provide
a more stable oil pump.
[0039] Referring to FIG. 18, an additional alternative
configuration of a pressure control valve 436 is shown.
Pressure control valve 436 is similar to pressure control
valves 36, 236 and 336, except pressure control valve
436 includes a pin 440 positioned between the spring
126 and the spool 470. The pin 440 has a reduced diam-
eter 442 and can extend from the pilot chamber 182 to
the valve bore 48. The reduced diameter pin 440 allows
the pressure control 436 to control to a greater pressure
range without needing more linear actuator 46 force. The
valve spool 470 and valve bore 48 can each have a larger
diameter, which can increase the fluid flow area. It is to
be appreciated that the pin 440 and spool 470 could be
fabricated from a single piece of material or multiple piec-
es.
[0040] Referring again to FIG. 1, when the speed of
the engine 24 increases and the oil filter outlet pressure
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52 also increases, that increased pressure is applied to
the pilot passage 180 and to the pilot chamber 182 at the
top of the valve spool 70 via the first port 50 (see also
FIG. 2). Even though the armature 114 remains in a fixed
position because current 190 to the coil 98 is unchanged,
the increased pressure in the pilot chamber 182 pushes
the valve spool 70 downward opening the path 184 (see
FIG. 10) between ports 50 and 56. The increased pres-
sure is transmitted through path 184 to the control port
38 of the oil pump 26, thereby decreasing the displace-
ment of the oil pump 26 and the outlet flow and pressure
at the oil filter output 52, i.e., the higher the control pres-
sure the lower the displacement.
[0041] The opposite action occurs when the speed of
the engine 24 decreases causing the pressure in the pilot
chamber 182 to also decrease. With a lower pressure in
the pilot chamber 182, the first spring 90 pushes the valve
spool 70 upward opening the path 178 (see FIG. 9) be-
tween the third port 56 and the second port 54. This path
178 reduces the pressure at the control port 38 of the oil
pump 26, thereby increasing the displacement of the oil
pump 26 and the outlet pressure at the oil filter output
52. In this manner, the outlet pressure and flow of oil 22
to the engine 24 remains within the predetermined pres-
sure range 192 as the engine speed varies.
[0042] The pressure level to which the outlet pressure
at the oil filter output 52 is controlled can be adjusted by
the current level applied to the coil 98 in the linear actuator
46. Adjusting the current 190 varies the magnetic field
produced by the coil 98 and thus the position of the ar-
mature 114 within the linear actuator 46. The variable
position of the armature 114 can compress or relax the
first spring 90 and the second spring 128, thereby apply-
ing different amounts of spring force to the first end 74
and second end 92, respectively, of the valve spool 70.
Those forces define the pressure values that is required
in the pilot passage 180 and pilot chamber 182 to move
the valve spool 70. As a consequence, varying current
190 to the linear actuator 46 can affect the pressure level
at which the valve spool 70 opens and closes the paths
between the third port 56 and the first port 50 (path 184
and path 188), and the third port 56 and the return port
54 (path 178). Varying that pressure level alters the pres-
sure within the predetermined pressure threshold range
192 to which the outlet pressure at the oil filter output 52
is controlled.
[0043] The foregoing description was primarily direct-
ed to a preferred embodiment of the invention. Although
some attention was given to various alternatives within
the scope of the invention, it is anticipated that one skilled
in the art will likely realize additional alternatives that are
now apparent from disclosure of embodiments of the in-
vention. Accordingly, the scope of the invention should
be determined from the following claims and not limited
by the above disclosure.

Claims

1. A fluid pump pressure regulation system comprising:

a valve, the valve having a valve body with a
bore and a valve spool slideably received within
the bore, the valve body having a first port, a
second port and a third port in fluid communica-
tion with the bore, the valve spool selectively
connects the first port and the second port to the
third port in different positions of the valve spool
in the bore;
the first port in fluid communication with an outlet
of a fluid pump to receive a first fluid pressure
at the first port, the first fluid pressure having a
first pressure level;
the second port in fluid communication with a
fluid reservoir, the fluid reservoir to provide a
source of fluid for the fluid pump;
the third port in fluid communication with a con-
trol port of the fluid pump to provide a second
fluid pressure at the third port, the second fluid
pressure having a second pressure level, the
second pressure level to control the first pres-
sure level from the fluid pump;
a linear actuator adjacent the valve body and
operatively coupled to the valve spool;
a first spring biasing the valve spool with respect
to the valve body toward a second position when
the first pressure level at the first port is less than
a given threshold level; and
wherein the valve spool is biased toward the first
position when the first pressure level at the first
port is greater than the given threshold level,
and wherein activation of and deactivation of the
linear actuator changes the given threshold lev-
el.

2. The system as recited in claim 1 further comprising
a second spring biasing the valve spool toward a first
position.

3. The system as recited in claim 1 further comprising
a second spring extending between and coupling the
linear actuator and the valve spool.

4. The system as recited in claim 1 wherein when the
second pressure level increases, the first pressure
level decreases.

5. The system as recited in claim 1 wherein when the
second pressure level decreases, the first pressure
level decreases.

6. The system as recited in claim 1 wherein the first
pressure level is a first variable fluid pressure level
and the second pressure level is a second variable
fluid pressure level; and
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wherein the second variable fluid pressure level at
the control port of the fluid pump controls the fluid
pump to maintain the first variable fluid pressure level
within a predefined fluid pressure range.

7. The system as recited in claim 1 wherein the first
pressure level from the fluid pump and the fluid res-
ervoir are in fluid communication with an engine.

8. The system as recited in claim 1 wherein the fluid
pump is a variable displacement fluid pump.

9. The system as recited in claim 1 wherein movement
of the valve spool to the first position opens a path
between the first port and the third port, and move-
ment of the valve spool to the second position opens
another path between the second port and the third
port.

10. The system as recited in claim 1 wherein activation
and deactivation of the linear actuator varies the first
pressure level at the first port that is required to move
the valve spool.

11. The system as recited in claim 1 wherein when the
linear actuator is energized, a predetermined pres-
sure threshold at the first port that is required to move
the valve spool is reduced.

12. The system as recited in claim 11 wherein the pre-
determined pressure threshold is electrically control-
led.

13. The system as recited in claim 1 wherein the valve
spool has a first position in which the first port is
connected to the third port and a second position in
which the second port is connected to the third port.

14. The system as recited in claim 1 wherein the linear
actuator comprises a solenoid coil assembly with a
coil aperture formed therein, and an armature slide-
ably received in the coil aperture, and operatively
coupled to apply force to the valve spool.

15. The system as recited in claim 14 wherein the linear
actuator varies a force applied by a second spring
to the valve spool to vary the given threshold level
at the first port that is required to move the valve
spool.

16. The system as recited in claim 1 wherein fluid pres-
sure from the outlet of the fluid pump and the fluid
reservoir are in fluid communication with an engine;
and
when a speed of the engine is varied, the given
threshold level is varied between a first pressure lev-
el and a second pressure level to control the fluid
pump to maintain the fluid pressure from the outlet

of the fluid pump within a predefined fluid pressure
range.
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