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(57) Abréegée/Abstract:

AA pressure relief valve (10) includes a casted, metal material housing (20) including a passage (16) therein along a longitudinal
axis (X) and inlet and outlet ports (12, 13, 14) substantially perpendicular to the longitudinal axis, the outlet port having a wall (18) at
an angle less than perpendicular to the longitudinal axis wherein and at a draft angle of the casting of the housing (20). The
housing Includes a counterbore (17) at the intersection of the wall of the passage and the wall of the outlet port (14) to provide a
counterbore surface that is substantially perpendicular to the wall of the passage around the outer circumference of a valve body

(30) In the passage. The top end (32) of the valve body (30) includes a reduced diameter portion (44) and a tapered portion (45)
between the reduced diameter portion and the top of the valve body.
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(57) Abstract: AA pressure relief valve (10) includes a cas-
ted, metal material housing (20) including a passage (16)
therein along a longitudinal axis (X) and inlet and outlet ports
(12, 13, 14) substantially perpendicular to the longitudinal
axis, the outlet port having a wall (18) at an angle less than
perpendicular to the longitudinal axis wherein and at a draft
angle of the casting of the housing (20). The housing includes
a counterbore (17) at the mtersection of the wall of the pas-
sage and the wall of the outlet port (14) to provide a counter -
bore surface that is substantially perpendicular to the wall of
the passage around the outer circumierence of a valve body
(30) in the passage. The top end (32) of the valve body (30)
includes a reduced diameter portion (44) and a tapered por-
tion (45) between the reduced diameter portion and the top of
the valve body.
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LOW GAIN PRESSURE RELIEF VALVE FOR A FLUID PUMP

[0001] Continue to [0002].

FIELD

10002] The present disclosure relates generally to an o1l pump assembly including a low gain
pressure relief valve for managing o1l pump discharge pressure in an engine. More particularly, the
present disclosure relates to a pressure relief valve having particular application in a pump of a

lubrication system in an internal combustion engine of a vehicle.

DISCUSSION OF RELATED ART

[0003] It 1s generally known to provide an internal combustion engine including an oil pump
assembly for pumping engine oil through the engine to lubricate the engine components through the
various lubrication channels in the engine (also generally known as passageways and collectively
referred to as the engine gallery). It is known to have the oil pump driven by the engine and for the
speed of the o1l pump to vary with the speed of the engine. It is also known to provide the oil pump
assembly with a device, such as a pressure relief valve, to regulate the pressure within the oil pump
assembly and engine. Pressure relief valves are also know for use in any other application where it is
generally advantageous to manage overpressure of a fluid in a particular assembly or application. In
an engine for a vehicle, it 1s generally know to use the pressure relief valve to regulate the discharge
pressure during engine operation to satisfy the engine's oil pressure limits and to attempt to provide

energy management to the oil pump.

[0004] Pumps for incompressible fluids, such as oil, are often either gear pumps, gerotor, or
vane pumps but could be any known or appropriate type. In environments such as an automotive

engine lubrication system, an oil pump will operate over a wide range of
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speeds when the oil pump is coupled to the engine and runs at the same speed as the engine
operating speed. In such an application, the oil pump speed varies resulting in varying the

output volume and the output pressure of the oil. This is particularly accurate since the engine
lubrication system can be modeled as a fixed size orifice and the pump changes speed with
their operating specd, as the engine speed increases, the outlet pressure of the oil pump will
increasc. Generally, an engine requires the lubrication oil pressure to increase from a
minimum pressure level to a maximum pressure level as the engine operating speed
increases, but the maximum necessary or desirable oil pressure is generally obtained before
the engine reaches its maximum operating speed. Thus, typically, as the engine operating
speed and the oil pump speed increase (i.e., the oil pressure continues to increase), at some
point, the oil pump will provide an oversupply of lubrication oil over a significant portion of
the engine operating speed range. While a deprivation of oil can result in damage to engine
components, over-pressurized oil is also undesirable. For example, too high an otl pressure

can destroy paper filter elements and have other undesirable effects on the engine and can

result in excess power consumption.

[0005] To prevent or limit over-pressurized oil in the system and engine, it Is
oenerally know for the lubrication system to include the pressure relief valve. To control this
oversupply, and the resulting over pressure which could otherwise damage engine
components, constant displacement pumps in such environments are typically provided with
a pressure relief valve which allows the undesired portion of the oversupplied oil to return to
an oil sump or tank or back to the inlet of the oil pump so that only the desired volume, and
hence pressure, of fluid is supplied to the lubrication system of the engine. The pressure
relief valve is connected with the oil pump and enginc to vent oil back into the otl sump (l.e.,
to the oil pump's suction side) when the oil pressure reaches a preset limit. One known type
of pressure relief valve is disclosed in U.S. Pat. No. 6,116,272, wherein the pressure reliet
valve is integrated into the oil pump. The pressure relief valve includes a piston positioned
within a cylindrical passage or bore and the piston is biased in one direction (i.e., toward the
closed position) by a spring. Pressurized oil from the o1l pump outlet 1s supplied to one side
of the piston (i.e., the side opposite the biasing or spring force applied to the piston) and
forces the piston against the spring. As the engine rotates faster, the oil pump also rotates
faster and works harder and the o1l pressure increases. As the oil pressure increases, the
piston in the oil pressure relief valve moves against the spring and within the bore to a point

where vents on the edges of the piston allow oil to escape back to the sump or the inlet of the
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pump. With this type of conventional oil pressure relief valve, the oil pump outlet pressure is used to
determine when the o1l pressure relief valve will open to internally by-pass the high pressure oil from

the discharge side of the o1l pump back to the suction side of the oil pump. A typical oil pressure
relief valve of this type would be set to open at a preset pressure level appropriatc for the particular

engine and application.

[0006] Although such a conventional o1l pressure relief valve is simple and reliable, it has
known limitations and drawbacks that can have an adverse impact on the oil pump's power
consumption making it relatively higher. High power consumption by the oil pump equates to

reduced fuel efficiency, which long remains a significant disadvantage.

[0007] In one known application, such as that disclosed in US Patent No. 6,481 ,458, a
pressure relief valve assembly includes a progressively shaped exit hole of an oil pressure relief valve
for use 1n the lubrication system of an engine. Another such example is disclosed in US Patent No.
7,775,503, In particular, the US 6,481,458 reference discloses and teaches that the relief inflow
portion formed on one end of the valve housing; and a relief discharge portion formed at an
intermediate location of the valve path of the valve housing and including small aperture portions and
large aperturc portions formed in communication with one another. The relief discharge portions are
provided with the small aperture portions in the side near the relief inflow portion. However, in some
circumstances (such as occurs where the valve spring force at the opening position is relatively low as
in a pressure relief valve having multiple operating pressures, such as when a pilot pressure is
supplied to the pressure relief valve) such hole shapes have drawbacks since the contamination
resistance (due to particles in the oil) of the valve is compromised for some small particle sizes. For
example, such small particles may occur from casting sand and other contaminants in the oil from the
casting of the metal housing for the pressure relief valve or oil pump housing and wherein the
pressure setting at which the pressure relief valve must function is relatively lower such as in an oi]
pump system with a pump with selectable outlet pressures as described in W02006032132A 1, filed
September 20, 20035, entitled Pump With Selectable Outlet Pressure, to inventor Matthew Williamson.
In a selectable pressure o1l pump and lubrication system, it may be desirable to have a relatively lower
operating pressure for the pressure relief valve to reduce energy consumption. In such a system,
however, the pressure relief valve must operate with a lower spring force which makes the valve more
susceptible to contamination jamming. Similar issues apply in an oil pump assembly and system

using closed-loop feedback control of the pressure relief valve

3
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such as with a pilot control valve. Conventional methods of reducing the valve gain, such as
progressive opening (spill) window shapes, have proven insufficiently robust against

contamination when used in conjunction with a relatively low spring force in the pressure

reliet valve.

10008] There remains a significant need for a low gain pressure relief valve that better
manages small particle contamination issues and avoids jamming and self-sustaining
oscillations. Accordingly, there remains a significant need for a solution which is acceptably
capable of managing and/or eliminating contact between the valve body and the housing
when the valve is opening to achieve controllable low gain pressure reliel and preserve good

robustness against small particle contamination.

SUMMARY

(0009] [n one exemplary embodiment there is disclosed a pressure relief valve for use
in a pump (oil pump) assembly for providing pressurized fluid lubricant (oil) for use in an
cngine in a vehicle (such as an automobile). In particular, the pressure reliet valve has
particular utility with selectable output pressure oil pumps and applications including
oressure relief valves for use in engines where the pressure relief valve operates at relatively
low pressure, such as with a pilot valve. In one exemplary embodiment, the invention relates
to an apparatus for use as a low gain pressure relief valve. The pressure relief valve includes a
valve housing having a passage or bore including a wall having an end, the passage of the
pressure relief valve defining a longitudinal axis of the valve and valve housing. The valve
housing includes an inlet port and an outlet port and at least the outlet port has a first wall that
intersccts with the wall of the passage at an angle less than ninety degrees. The pressure reliet
valve further includes a valve body for being located within the passage, the valve body
including a piston portion having at least one outer circumference portion for engaging the
wall of the passage and the piston further including a top and a bottom, the valve body slides
or moves in the passage such that the at least one outer circumference portion blocks the inlet
port of the valve housing when the valve body 1s located in a tfirst or closed position and
when the valve body is moved sufficiently away from the closed position, the inlet port of the
valve housing is no longer blocked by the piston portion but is in communication with the
outlet port such that fluid (such as oil) entering the inlet port of the pressure relief valve is

communicated through the passage and out the outlet port.
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[0010] The pressure relief valve further includes a biasing member, such as a spring,
for constantly biasing the valve body toward the first or closed position. The inlet port admits
the fluid to the top of the piston portion of the valve body to move the valve body against the
biasing force of the biasing member as the pressure of the fluid supplied to the inlet port
increases sufficiently to move the piston portion against the biasing member to connect the
inlet port with the outlet port for expelling the fluid from the passage and out the outlet port.
In one exemplary embodiment the valve housing includes an undercut counterbore located at
the intersection of the wall of the passage and the first wall of the outlet port. The counterbore
includes a first counterbore surface extending in a plane aligned perpendicular to the
longitudinal axis of the valve body and perpendicular to the wall of the passage such that the

plane of the first counterbore surface is not in the same plane as, and is at an angle with

respect to, the first wall of the outlet port.

[0011] [n the one exemplary embodiment the valve housing is casted in a mold from a
metal material and the first wall of the outlet port has a draft angle. More particularly, the
draft angle of the first wall of the outlet port is less than about five degrees and, more
particularly is less than about two degrees. In one particular embodiment, the draft angle of
the first wall of the outlet port is about one and one-half degrees such that the tirst wall of the
outlet port is at an angle from the longitudinal axis equal to ninety degrees minus one and

one-half degrees but the first counterbore surface is substantially perpendicular to the

longitudinal axis.

[0012] [n another exemplary embodiment there is disclosed a low gain pressure relief
valve for use in a fluid pump (oil pump) assembly for providing pressurized fluid (oil)
lubricant for use in an engine in a vehicle (such as an automobile). In one exemplary
embodiment, the invention relates to an apparatus for use as a low gain pressure reliet valve
including a housing having a passage or bore including a wall having an end and wherein the
bore of the pressure relief valve defines a longitudinal axis of the valve. The valve housing
includes an inlet port and an outlet port and at least the outlet port has a first wall that
intersects with the wall of the passage at an angle less than ninety degrees. The pressure relief
valve further includes a valve body located within the bore, the valve body including a valve
piston having at least one outer circumference portion for engaging the wall ot the bore and
the valve piston further including a top and a bottom, the valve piston slides or moves 1n the
passage such that the at least one outer circumference portion blocks the inlet port of the

valve housing when the valve body is located in a first or closed position and when the valve

d
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piston is moved sufficiently away from the closed position, inlet port of the housing 1s no
longerr blocked by the valve piston and is in communication with the bore and the outlet port

such that fluid entering the inlct port of the low gain pressure relief valve is communicated

through the borc and out the outlet port.

[0013] The low gain pressure reliet valve of the one embodiment further includes a
biasing member, such as a spring, for biasing the valve piston toward the first or closed
nosition. The inlet port admits the pressurized fluid to the top of the piston to move it against
the biasing force of the spring as the pressure of the fluid increases sufficiently to move the
piston against the spring to connect the inlet port with the passage and the outlet port for
expelling the fluid from the passage. In one exemplary embodiment, the valve piston, toward
its top end, includes a first reduced diameter portion extending from the at least one outer
circumference portion and toward the top of the piston, and includes a tapered portion

extending from the first reduced diameter portion and toward the top ot the piston.

[0014] In the one exemplary embodiment, the pressure relief valve includes a piston
in a bore wherein the bore in the housing includes a counterbore for creating an opening edge
/ surface interface that is perpendicular to an axis of the reliet valve. This eliminates nearly
all contact between the valve and housing near the exit hole when the valve 1s open to
achieve low gain without using a progressively sized exit hole shape and thereby preserving

000d robustness against small particle contamination.

[0015] [n one exemplary embodiment there is disclosed a low gain pressure relict
valve and system for use in a fluid lubrication system for use in an internal combustion
engine having an oil pump for circulating the fluid (hydraulic such as an oil) throughout the
lubrication system of the engine. The pressure relief valve and system includes a pressure
relief valve including a housing having a bore having a piston therein and defining a
longitudinal. The pressure relief valve further includes a pressure relief spring {or brasing the
piston in a first direction in the bore. The pressure reliet valve further includes an inlet port
for admitting a fluid from a high pressure side of the tluid lubrication system into the bore to
one side (e.g., high pressure) of the piston to move the piston against (1.e., opposite) the torce
of the pressure relief spring, and an outlet port for expelling the fluid from the bore once the
piston has been moved against the increasing spring force to put the inlet port in
communication with the outlet port. In one exemplary embodiment of the present invention,

the low gain pressure relief valve includes a piston having an outer circumterence surface for
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alignment and sliding engagement with the surface of bore. The outer circumference surface

of the piston generally extends from the top of the piston to the end of a skirt of the piston.

(0016] In an alternate embodiment of the present invention the pressure reliet systcm
includes, in addition to the low gain pressure relief valve, a pilot valve for assisting the
pressure relief system. In this embodiment, the pressure relief valve further includes a
pressure inlet port for admitting fluid into the bore of the pressure relief valve and applying
the pilot valve pressure to the piston in a direction opposite the fluid pressure from the inlet
port to the pressure reliet valve. [n one alternative embodiment of the present invention
the pressure relief system includes, in addition to the low gain pressure reliel valve, a pilot
valve for assisting the pressure relief system. In an alternate embodiment, the present
invention relates to an oil pump including the low gain pressure reliet valve. In an alternatc
embodiment, the present invention relates to an engine including an oil pump including the

low gain pressure reliet valve.

BRIEF DESCRIPTION OF THE DRAWINGS

[0001] Fig. 1 is a partial section view showing a pressure relief valve of an engine o1l

oumping device of the prior art.

[0002] Fig. 2 is a partial section view showing a pressure relief valve of an engine oll
pump including a bold line box around one embodiment of the present invention wherein the

pressure relief valve is in a closed position.

[0003] Fig. 3 is a partial section view showing the pressure relief valve of the

embodiment of Fig. 2 with the piston removed.

[0004] Fig. 4 is a plan vicw of the piston of the pressure relief valve according to the

embodiment of Fig. 2.

[0005] Fig. 5 1s a partial, enlarged section of the piston of Fig. 4.

10006] Fig. 6 is a partial section view of the pressure relief valve of the embodiment
of Fig. 2 wherein the pressure relief valve 1s moved from the closed position and toward an

open position.

[0007] Fig. 7 is a progresston of partial scction vicws of the pressure relief valve of
the embodiment of Fig. 2 and the embodiment of Fig. | moving trom a closed position (a) to

a fully open position (g).
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[0008] Fig. 8 1s a formula defining valve gain in a pressure relief valve.
[0009] Fig. 9 is a graph of gain comparison chart for the pressure relief valve of Fig. |

(prior art) and the pressure relief vale of the embodiment of Fig. 2 (low gain embodiment).

[0010] Fig. 10 is a partial section view of the pressure relief valve of Fig. 1 (prior art)
detailing the gap between the piston and the housing wherein the pressure relief valve is

moved from the closed position and toward an open position.

[0011] Fig. 11 is a partial section view of the pressure relief valve of the embodiment
of Fig. 2 detailing the gap between the piston and the housing wherein the pressure relief

valve 1s moved from the closed position and toward an open position.

[0012] Fi1g. 12 1s a partial section view of the pressure relief valve of Fig. 10 (prior
art) detailing the gap between the piston and the housing wherein the pressure relief valve is

moved from the closed position and toward an open position including graphical flow lines.

[0013] Fig. 13 is a partial section view of the pressure relief valve of the embodiment
of Fig. 11 detailing the gap between the piston and the housing wherein the pressure relief
valve 1s moved from the closed position and toward an open position including graphical

tflow lines.

[0014] Fig. 14 is a partial section view of the pressure relief valve of the embodiment
of Fig. 2 detailing the radial gap between the piston and the housing wherein the pressure

reliet valve 1s moved from the closed position and toward an open position.

(0015] Fig. 15 is a partial section view of a pressure relief valve according to the

embodiment of Fig. 2 and manufactured using an undercut counterbore alternative process.

[0016] Fig. 16 is a partial section view of a pressure relief valve according to an

alternative embodiment having a multiple diameter piston.

[0017] Fig. 17 is a partial section view of a pressure rclicf valve according to the
embodiment of Fig. 2 and manufactured using a machining operation wherein the tool enters

from the side.

DETAILED DESCRIPTION

[0018] Referring generally to all of the figures, and in particular to Fig. 2, there is
disclosed a new design for a low gain pressure relief valve 10 having particularly utility in a

oil pump assembly (not shown) for use in an engine (not shown) such as those used in a
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vehicle (not shown) and in particular for use in an oil pump in an engine (not shown) in a
passenger vehicle (not shown). While the pressure relief valve 10 shown has particular utility
in an oil pump assembly for an enging, it should be understood that the pressure relief valve
of the present disclosure may have application in similar applications including other known

or appropriate applications and environments.

10019] The low gain pressure relief valve 10 includes a valve housing 20 having a
valve body passage or bore 16 extending longitudinally therein. The valve housing 20 may
be made an integral part of the oil pump assembly, as is the case for the embodiment shown
in Fig. 2, or the valve housing 20 may alternatively be made separate from the oil pump
assembly and oil pump (not shown). The valve housing 20 is typically made from a metal
material and is made as a casted metal (such as aluminum or magnesium) component. The
low gain pressure relief valve 10 and the passage 16 further define a longitudinal center axis
“X". shown as a dashed line in the figures. The low gain pressurc relief valve 10 has an inlet
passage or port 12 and an outlet passage or port 14, as are understood n the relevant art. In
one embodiment the low gain pressure relief valve 10 may have additional passages or ports.
such as a pilot inlet passage or port 13, for coupling with a pilot valve (not shown) for

operating the pressure relief valve at variable or multiple pressures.

10020] The low gain pressure relief valve 10, in the embodiment shown in Fig. 2,
includes a valve body or piston 30 (as best shown in Figs. 4 and 5) located within the passage
or bore 16 and includes a first or lower piston 34, a central neck or middle portion 35 and a
second or upper piston 37 also located in the bore 16 of the housing 20. The a valve body or
piston 30 further includes at least one outer circumference portion 31, as part of the lower
piston 34, including a top 32 and a bottom 33 and the at least one outer circumterence portion
31 which is located in the bore 16 of the housing 20. As best shown n Figs. 2, 3 and 6, the
bore 16 may have varying diameters along the length of the pressure reliet valve 10.
Accordingly, the upper end 19 (see Fig. 6) of the bore 16 has a diameter (reduced) difterent

than the central and lower portions of the bore 16.

(0021] The pressure relief valve 10 further includes a spring 40 for constantly biasing
the body valve 30 in a first direction toward a closed position and at end 50 of the housing 20
wherein the body valve 30 and the at least one outer circumference 31 closes or blocks the
inlet [2 of the valve housing 20 as shown in Figs. 2, 6 and 15-17. The inlet port 12 1s for

admitting a pressurized fluid (such as oil exiting an oil pump) to the pressure relief valve 10
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and to the top 32 of the first piston 34 of the valve body 30 to move the valve body away
from the end 50. The inlet port 12 is typically supplied with relatively high pressure fluid
from a high pressure side of an oil pump of a fluid lubrication system of the engine. As the
engine speed increascs. the pressure of the fluid in the inlet 12 increases until the pressure s
sufficiently high enough to move the valve body 30 against the biasing force of the spring 40
and toward an open position as is illustrated in the series of partial cross-section images in
Fig. 7 wherein the valve body 30 moves from the closed position (at the top of Fig. 7) to a
fully open posiﬁon (4mm Open, at the bottom of Fig. 7). Once the valve piston 30 1s moved
a sufficient distance within the bore 16 of the housing 20 and the outer circumference 31 of
the piston 34 moves to align with the bottom end of the central bore 16, and relatively high
nressure fluid entering the inlet port 12 can be communicated to the relatively lower pressure
outlet port 14 for expelling the fluid and returning it to the fluid lubrication system (pump or

well).

10022} The housing 20 of the pressure rclict valve 10 1s preferably produced by die-
casting a metal material as is well known. The housing 20 of the pressure relief valve 10
ncludes the inlet 12 and the outlet 14 being formed during the casting of the housing 20 in a
mold (not shown) having a draft angle Z, from a plane perpendicular to the axis X, in one
direction as shown in Fig. 6. The draft angle Z corresponds with at least first wall 18 of the
outlet 14 but typically corresponds with each wall of the inlet 12, pilot inlet 13 and outlet 14
as is understood. Therefore, the wall 18 of the outlet 14 is at an angle 7 (see ['ig. 6) with
respect to a direction perpendicular to the longitudinal axis X of the pressure reliet valve 10.
Recall the bore 16 is made in the housing 20 along the axis X of the housing 20. The wall 18
s at an angle cqual to 90° - £2° with respect to the axis X and wall ot the bore 16. In one
embodiment, the draft angle Z is less than or about five (5) degrees. More particularly, the
draft angle Z is less than or about two (2) degrees and in one embodiment, the draft angle Z is

approximately one and one-half (1.5) degrees.

(0023} In one particular embodiment, the upper end (as viewed in Figs. 2, 4, 5) of the
niston 34, and hence the upper end of the at least one outer circumference portion 31, near the
top 32, includes a stepped or shaped portion. In particular, the upper end of the piston 34
includes a reduced diameter portion 44, which diameter 1s reduced an amount 2 X D, and has
an axial extent extending from or at about the top of the outer circumference portion 31 and
toward the top 32. The reduced diameter portion 44 is reduced sufficiently so that debris and

other contaminants in the fluid or o1l of the pressure relief valve 10 will not cause jamming or

10
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sticking of the piston 34, and hence the valve body 30, within the passage or bore 16 due to
contaminants becoming lodged between the reduced diameter portion 44 and the wall of the
bore 16 in the housing 20. Further, the reduced diameter portion 44 allows pressurized fluid
to begin flowing between the reduced diameter portion 44 and the wall of the bore 16 before
5  the piston 34 is moved to a completely open position. The reduced diameter portion 44 leads
to a tapered portion 45 which extends between the reduced diameter portion 44 and the top

~y .
L.

10024] The tapered portion 45 preferably has an angle Y from the reduced diameter
portion 44 as best shown n Fig. 5. The angle Y is chosen to provide a low gain flow of the
10 oil in the pressure relief valve 10 as the valve body 30 moves from the closed position (Fig.
2) and to an open position (Figs. 13 and [4) as best shown in the progression of views in Fig.
7. The angle Y is preferably selected from the range of between about five (5) degrees and
about sixty (60) degrees. More particularly, the angle Y is preferably selected from the range
of between about ten (10) degrees and about forty-five (45) degrees. In one embodiment, the
15 angle Y 1s selected to be about ten (10) degrees. The angle Y for the tapered portion 45 is
chosen 1o provide a low gain flow of the oil in the pressure relief valve 10 as the valve body
30 moves from the closed position (Fig. 2) and to an open position (Figs. 13 and 14) as best

shown in the progression of views in Fig. 7.

100235] Thus, as the valve body 30 moves toward the open position, the pressure of the
20 ftlutd will reduce shightly as the reduced diameter portion 44 and tapered portion 45 advance
past the end of the wall of the bore 16 (such as shown in Fig. 7) and there will be a low gain
pertormance of the pressure relief valve 10 as compared to traditional pressure relief valve of
Fig. 1. Attention is also directed to Figs. 10 through 14 which compare the prior art device
and the presently disclosed device and the variation in flows (see Figs. 12 and 13). To further

demonstrate the difference, attention is directed to Fig 9 which plots the open areas of the

D
(N

pressure relief valves (Fig. 1 (Prior Art) and Fig. 2 (Low Gain Embodiment)) with position of
the valve body 30 within the bore 16 (Valve Position). The “Gain™ is calculated using the
formula ot Fig. 8. The prior art design has a direct linear path for the relationship from after
the start position. Whereas. the pressure relief device 10 of the present disclosure has a much

30 lower gain, comparatively, with valve body 30 position.

10026} As best shown in FIGs 2, 3, 6. 7 and 11, and 13-17, and with particular focus

directed to the “box™ location of FIG. 2 (again, it should be understood the “box” is simply
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for directing focus and does not form any part of the low gain pressure reliet valve or the present
invention), the central or middle bore 16 of the valve housing 20 preferably includes a counterbore 17
located toward the lower end of the central bore 16 nearest the outlet 14 of the pressure relief valve

10. As such, the counterbore 17 1s located at the intersection of the wall of the passage or bore 16 and

the wall 1 8 of the outlet 14.

[0027] In one particular embodiment, the counterbore 17 is preferably designed to have a
linear extending surface 17a (see Fig 11) perpendicular to the surface of the bore 16. The undercut
counterbore 17 in the embodiment shown 1n Fig. 2 further includes a rounded corner 17¢ and opposite
side wall 17b. While the counterbore 17 has the shapes as shown and described in the figures, it 1s
contemplated that other shapes (elliptical, curvilinear, linear, partials and/or combinations thereof)
and details of the counterbore 17 are possible. Further, as shown 1n Fig. 17 and discussed below, 1t 1s
possible that the counterbore 17 may be present on only one side of the bore 1 6. Regardless of the
shape of the counterbore 17, the extent of the surface 17a of the counterbore 17 is preferably formed
perpendicular to the axis X of the housing 20 of the pressure relief valve 10 and perpendicular to the
surface of the bore 16. The undercut counterbore 17 1s preferably machined or formed in the housing
20 of the pressure relief valve 10 during production of the housing 20 and has a shape extending
between the surface of the bore 16 and the wall 18 of the outlet port 14. While the counterbore 17
may be machined in the housing 20, such as by using a drill, inserted through the outlet 14 or from the
bottom of the housing 20 when there 1s no spring or plug present, to perform a counterbore drilling
operation, 1t should be understood that the counterbore 17 may be formed in the housing 20 using any
known or appropriate machining or forming technique or operation. Any such alternative or known
(or yet unknown) technique for providing a counterbore surface 17a that is perpendicular to the axis X

and the wall of the bore 16 will work to eliminate the draft angle Z from around the bore 16 1s

appropriate. For example, attention 1s directed to Fig. 17, in which a pressure relief valve 10,
according to the present invention, includes a counterbore 17 in which substantially the wall T 8 1s
machined flat (1.e., perpendicular to axis X) such that the undercut counterbore 17 1s only seen on the

one side (1.¢., left in the picture) of Fag. 17.

[0028] In one particular embodiment, shown in Fig. 16. the lower end 16' of the bore 16 has
an enlarged (or increased diameter) lower end 35 as compared to the main portion 36 of the outer

circumierence 31 of the valve body 30. In this embodiment, the lower end 33 of the body valve 30

includes an extended diameter portion 35. Similar to the embodiment of

12
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Fig. 2, the bore 16 of the pressure reliet valve 10 of Fig. 16, between the pilot inlet 13 and the
infet 12 includes a reduced diameter, upper bore portion 19 such that the upper and lower
ends of the valve body 30 sliding within the bore 16 include added stability over the range of
operation of the pressure relief valve 10. The operation for the pressure relief valve 10 of
Fig. 16, which includes the undercut counterbore 17 and the reduced diameter portion 44 and
tapered portion 45 on the piston 34, is similar to that of the embodiment of Fig. 2, so we now

return to the pressure relief valve 10 and the progression of Fig. 7.

(0029] Having the counterbore 17 perpendicular to the axis X and to the wall of the
bore 16. results in the valve body 30 having a more balanced operation within the pressure
relief valve 10. As best shown in the progression ol images in Fig. 7. comparing the prior art
device on the left and the pressure relief valve 10 of Fig. 2 on the right, it can readily be seen
how the improved design of the pressure relief valve 10 of the present disclosure compares.
Particular focus is directed to the 0.6 mm position in Fig. 7 where for the prior art device the
left side of the top surface of the valve body is aligned with the wall 18 but the right side of
the top surface of the valve body has cleared the wall 18 and an opening or gap is observed
on only one side. Comparatively, the pressure relief valve 10 on the right side of Fig. 7
(according to the present disclosure), at the 0.6 mm position (all positions lor that matter)
shown the piston 34 of the valve body 30 is balanced around its entirety because undercut
counterbore 17 is formed perpendicular to the axis X and the wall of the bore 16. Further
consider the position of the Low Gain Embodiment of Fig. 7 at the 1, 2 and 4 mm open
nositions which demonstrate that the flow of fluid through the device will be gradual as
shown in the graph of Fig. 9 and discussed above. Further, since the pressure reliet valve 10
is now balanced it will not experience self-sustaining oscillations at relatively low pressures
as occur in variable pressure oil pumps and/or those controlled with a pilot valve to operate at
relatively low pressures. Further, the low gain pressure relief valve 10, as disclosed and
taught herein, gradually releases oil and prevents rapid release of the oil and related
pulsations. Finally, the low gain pressure relief valve 10, as disclosed and taught herein, will
not experience jamming duc to small particulates (such as those that may exist in the housing
20 from the casting manufacturing process or from other foreign sources) in the oil, as the

prior art pressure relief valve would.

10030] Any numcrical values recited herein or in the figures are intended to include
all values from the lower value to the upper value in increments of one unit provided that

there is a separation of at least 2 units between any lower value and any higher value. As an
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example, 1f 1t 1s stated that the amount of a component or a value of a process variable such as. for
example, temperature, pressure, time and the like is, for example, from 1 to 90, preferably from 20 to

80, more preferably from 30 to 70, 1t 1s intended that values such as 15 to 85, 22 to 68, 43 to 51, 30 to
32 etc. are expressly enumerated 1n this specification. For values which are less than one, one unit is
considered to be 0.0001, 0.001, 0.01 or 0.1 as appropriate. These are only examples of what is
specifically intended and all possible combinations of numerical values between the lowest value and
the highest valuc cnumerated are to be considered to be expressly stated in this application in a
similar manner. As can be seen, the teaching of amounts expressed as "parts by weight" herein also
contemplates the same ranges expressed 1n terms of percent by weight. Thus, an expression in the
Detailed Description of the Invention of a range in terms of at "V parts by weight of the resulting
polymeric blend composition” also contemplates a teaching of ranges of same recited amount of "x"

in percent by weight ot the resulting polymeric blend composition.”

(0031} Unless otherwise stated, all ranges include both endpoints and all numbers between
the endpoints. The use of "about" or "approximately” in connection with a range applies to both ends
of the range. Thus, "about 20 to 30" 1s intended to cover "about 20 to about 30", inclusive of at least

the specified endpoints.

[0032] The term "consisting essentially of to describe a combination shall include the
clements, 1ngredients, components or steps identified, and such other eclements ingredients,
components or steps that do not materially affect the basic and novel characteristics of the
combination. The use of the terms "comprising” or "including" to describe combinations of elements,
ingredients, components or steps herein also contemplates embodiments that consist essentially of the
elements, ingredients, components or steps. By use of the term "may" herein, it is intended that any

described attributes that "may" be included are optional.

[0033] Plural elements, ingredients, components or steps can be provided by a single
integrated element, ingredient, component or step. Alternatively, a single integrated element,
ingredient, component or step might be divided into separate plural elements, ingredients,

components or steps. The disclosure of "a" or "one" to describe an element, ingredient, component or

step 1s not intended to foreclose additional elements, ingredients, components or steps.

14
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[0034] [t is understood that the above description i1s intended to be illustrative and not
restrictive. Many embodiments as well as many applications besides the examples provided will be

apparent to those of skill in the art upon reading the above description. The scope of the invention
should, therefore, be determined not with reference to the above description, but should instead be
determined with reference to the appended claims, along with the full scope of equivalents to which
such claims are entitled. The omission in the following claims of any aspect of subject matter that 1s

disclosed herein 1s not a disclaimer of such subject matter, nor should it be regarded that the inventors

did not consider such subject matter to be part of the disclosed inventive subject matter.
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CLAIMS
[ claim:
l. An apparatus for use as a low gain pressure relief valve, the apparatus

comprising:

a valve housing having a passage including a wall, the valve housing and passage
defining a longitudinal axis the valve housing having an inlet port and an outlet port, the
outlet port having a first wall and wherein the passage includes an end which intersects with
the first wall of the outlet port, the first wall of the outlet port and the wall of the passage

intersecting at an angle less than ninety degrees;

a valve body located within the passage and including a piston portion having at least
one outer circumference portion, a top and a bottom, the at least one outer circumterence
portion blocking the inlet port of the valve housing when the valve body is located in a first
or closed position and the at least one outer circumference portion for connecting the inlet

port of the valve housing with the outlet port when the valve body is located in a second or

open position;

a biasing member for biasing the valve body toward the first or closed position,
wherein the inlet port is for admitting a fluid to the top of the piston portion of the valve body
to move the valve body against the biasing force of the biasing member and to connect the

inlet port with the outlet port for expelling the fluid from the passage; and

wherein the valve housing includes a counterbore located at the intersection of the
passage and the first wall of the outlet port, the counterbore including a first counterbore
surface extending in a plane aligned perpendicular to the longitudinal axis of the valve body
and perpendicular to the wall of the passage such that the planc of the first counterbore
surface 1s not in the same plane as, and is at an angle with respect to, the first wall of the

outlet port.

2. The apparatus of Claim 1 wherein the piston portion of the valve body

includes a first reduced diameter portion extending from the at least one outer circumference

portion and toward the top of the piston.

16



3. The apparatus of Claim 2 wherein the piston portion of the valve body further includes a

tapered portion extending from the first reduced diameter portion and to the top ot the piston.

4. The apparatus of Claims 1 or 2 wherein the valve housing 1s casted from a metal material and

the first wall of the outlet port has a draft angle of less than five degrees.

5. The apparatus of Claim 4 wherein the first wall of the outlet port has a draft angle of less than two

degrees.

6. The apparatus of Claim 5 wherein the first wall of the outlet port has a draft angle of one and

one-half degrees.

7. The apparatus of Claim 4 wherein the tapered portion of the valve piston has an angle of

between 10 degrees and 45 degrees.

8. The apparatus of Claim 7 wherein the tapered portion of the valve piston has an angle of 10

degrees.

9. The apparatus of Claim 7 wherein the tapered portion of the valve piston has an angle ot 45

degrees.

10. The apparatus of Claim 6 wherein the piston portion of the valve body further includes a
tapered portion and the tapered portion of the valve piston has an angle of between 10 degrees and 45

degrees.

11. A pressure relief valve for use in a fluid pump for use in an engine, the pressure relief valve
comprising:

a housing having a bore and defining a longitudinal axis the valve having an 1nlet port and an
outlet port, the outlet port including a first wall and wherein the bore includes an end which intersects
with the first wall of the outlet port, the first wall of the outlet port and the wall of the bore
intersecting at an angle less than ninety degrees;

a valve piston located within the bore and including at least one outer circumference portion

defining a wall of the valve piston, a top and a bottom, the at least one outer circumference portion for

17
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engaging the wall of the bore of the housing and disconnecting the inlet port and the outlet port when
the valve piston 1s located 1n a first or closed position and the at least one outer circumference portion
disengaging from the wall of the bore and connecting the inlet port with the outlet port when the valve
piston 1s located 1n a second or open position;

a spring for biasing the valve piston in a first direction toward the closed position, wherein
the mlet port 1s for admitting a fluid from a high pressure side of a fluid lubrication system of the
engine to the top of the valve piston to move the valve piston against the biasing force of the spring;
and

wherein the valve piston includes a first reduced diameter portion extending from the at least
one outer circumference portion and toward the top of the piston and a tapered portion extending from

the first reduced diameter portion and toward the top of the piston.

12. The pressure relief valve of Claim 11 wherein the valve housing i1s a casted metal material

and the first wall of the outlet port has a draft angle of less than five degrees.

13. The pressure relief valve of Claim 12 wherein the first wall of the outlet port has a draft angle

of less than two degrees.

14. The pressure reliet valve of Claim 11 wherein the tapered portion of the valve piston extends
from the reduced diameter portion to the top of the valve piston wherein the taper has an angle

between 5 degrees and 60 degrees from the wall of the outer circumference of the valve piston.

15. The pressure relief valve of Claim 14 wherein the tapered portion of the valve piston has an

angle of between 10 degrees and 45 degrees.

16. The pressure relief valve of Claim 15 wherein the tapered portion of the valve piston has an

angle of 10 degrees.

17. The pressure relief valve of Claim 15 wherein the tapered portion of the valve piston has an

angle of 45 degrees.

18
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