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(54) Title: CHECK VALVE WITH IMPROVED SEALING MEMBER

(57) Abstract: Check valves are disclosed that have a housing defining an internal

cavity having a first port and a second port both in fluid communication therewith,
and having a first seat defined by a first elastomeric V-ring seal and a second seat.
and a check valve plate within the internal cavity that is translatable, in response to
pressure differentials, between a closed position against the first seat and an open
position against the second seat within the internal cavity of the housing. The first
elastomeric V-ring seal includes a body having an interference fit to an annular
channel defined by the housing and a lip extending from the body in a direction
that defines a generally V-shaped void, viewed in cross-section, opening in a direc-
tion away from and generally perpendicular to the flow through the elastomeric V-
ring seal into the internal cavity.
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CHECK VALVE WITH IMPROVED SEALING MEMBER

TECHNICAL FIELD

[0001] This application relates to check valves for use in engine systems such as internal
combustion engines, more particularly to check valves having an improved sealing

member.
BACKGROUND

[0002] Engines, for example vehicle engines, have included aspirators and/or check
valves for a long time. Typically, the aspirators are used to generate a vacuum that is lower
than engine manifold vacuum by inducing some of the engine air to travel through a
venturi. The aspirators may include check valves therein or the system may include
separate check valves. When the check valves are separate they are typically included

downstream between the source of vacuum and the device using the vacuum.

[0003] In engines that include a brake boost system, conditions exist that may make it
difficult for a check valve to seal effectively. In particular the sealing in a check valve
may be less than desired at low temperatures and/or low sealing pressure differentials.
Moreover, the engine system may require, or the manufacturer may specify, a weight limit
for a check valve. One way to address the weight is to reduce the weight of the movable
sealing member within the check valve. Reducing the weight however can exacerbate the

problem of sealing in particular its ability to withstand large sealing pressure differentials.

[0004] Currently available check valves have a check valve assembly with a check valve
disk made from a compliant material in order for the disk to conform to the manufacturing
variations of a sealing surface. Good sealing is required even at low pressure difference
across the disk. When the pressure difference becomes large sealing is assured, so long as
the disk does not deform sufficiently so as to lift off the sealing surface. In addition, large
stresses can be induced inside a compliant disk due to the resulting forces in a high

pressure difference.

[0005] A rigid disk material will not effectively seal when lightly loaded; however, it will
withstand the high load better than a non-rigid disk. This is a need to provide more

efficient sealing under each condition at some time during operation of the system.
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SUMMARY

[0006] In one aspect, check valves are disclosed that have a housing defining an internal
cavity having a first port and a second port both in fluid communication therewith, and
having a first seat defined by a first elastomeric V-ring seal and a second seat, and a check
valve plate within the internal cavity that is translatable, in response to pressure
differentials, between a closed position against the first seat and an open position against
the second seat within the internal cavity of the housing. The first elastomeric V-ring seal
includes a body having an interference fit to an annular channel defined by the housing and
a lip extending from the body in a direction that defines a generally V-shaped void, viewed
in cross-section, opening in a direction away from and generally perpendicular to the flow

through the elastomeric V-ring seal into the internal cavity.

[0007] The first elastomeric V-ring seal is positioned in the housing to mate with a major
surface of the check valve plate proximate an outer periphery of the major surface, and may
be positioned to surround an opening defined by the housing for fluid communication
between the internal cavity and the first port. When there is only one elastomeric V-ring
seal present in the check valve (the first elastomeric V-ring seal), the check valve plate is a
continuous plate. There may also be a second elastomeric V-ring seal present, which is
disposed radially inward of the first elastomeric V-ring seal. In all embodiments of the
check valves, the second seat is a plurality of radially spaced apart fingers extending into

the internal cavity.

[0008] The housing in any of the embodiments may comprise one or more alignment
members extending into the internal cavity positioned to guide the check valve plate as it
translates between the closed and open positions. With one or more alignment members
present, the one or one of the alignment members may be a generally central alignment
member. Here, the check valve plate has a bore therethrough and the generally central
alignment member is received in the bore. The second elastomeric V-ring seal is present
here and is disposed about and proximate the generally central alignment member with an
opening of a generally V-shaped void formed by a body and a lip of the second elastomeric

V-ring seal facing toward the generally central alignment member.

[0009] In an optional aspect of the check valves, a plurality of alignment members are
positioned within the internal cavity. In one embodiment, the check valve plate has a

cogged periphery, and each cog is between consecutive alignment members of the plurality
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of alignment members. In another embodiment, the plurality of alignment members
protrude inward from an interior wall of the internal cavity, and the check valve plate has a

uniform outer diameter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. 1 is a longitudinal, cross-sectional view of one embodiment of a check valve.
[0011] FIG. 2 is a top plan view into the internal cavity of the check valve of FIG. 1.

[0012] FIG. 3 is an enlarged, ¢ longitudinal ross-sectional view of the internal chamber of

the check valve of FIG. 1.

[0013] FIG. 4 is an enlarged, longitudinal cross-sectional view of the first and second

clastomeric V-ring seals of the check valve of FIG. 1.

[0014] FIG. 5 is an enlarged, longitudinal cross-sectional view of a second embodiment

of first and second elastomeric V-ring seals.

[0015] FIG. 6 is an enlarged, longitudinal cross-sectional view of a third embodiment of

first and second elastomeric V-ring seals.

[0016] FIG. 7 is an enlarged, longitudinal cross-sectional view of another embodiment

for the internal chamber of a check valve.

[0017] FIG. 8 is an exploded, front perspective view of a check valve having a

continuous check valve plate and only a first elastomeric V-ring seal.

[0018] FIG. 9 is an enlarged, longitudinal cross-sectional view of the internal chamber of

the check valve of FIG. 8.
DETAILED DESCRIPTION

[0019] The following detailed description will illustrate the general principles of the
invention, examples of which are additionally illustrated in the accompanying drawings. In

the drawings, like reference numbers indicate identical or functionally similar elements.

[0020] Asused herein "fluid" means any liquid, suspension, colloid, gas, plasma, or

combinations thereof.

[0021] FIGS. 1-3 disclose a check valve 10 that includes a housing 14 defining an internal
cavity 16 having a pin 18 therein upon which is seated a check valve plate 20 and defining

a first port 22 in fluid communication with the internal cavity 16 and a second fluid port 24
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in fluid communication with the internal cavity 16. The housing 14 may be a multiple
piece housing with pieces connected together with a fluid-tight seal. The internal cavity 16
typically has larger dimensions than the first port 22 and the second port 24, in particular a
larger width when viewed as a longitudinal cross-section or larger diameter. In the
illustrated embodiment, the first port 22 and the second port 24 are positioned opposite one
another to define a generally linear flow path (Fp) through the check valve 10, when the
check valve plate 20 is not present, but is not limited to this configuration. In another
embodiment, the first and second fluid ports 22, 24 may be positioned relative to one

another at an angle of less than 180 degrees.

[0022] The portion of the housing 14 defining the internal cavity 16 includes an internal
first seat 26 upon which the check valve plate 20 seats when the check valve is “closed”
and a second seat 28 upon which the sealing member seats when the check valve is “open.”
In FIGS. 3 and 7, the first seat 26 is defined by at least a first elastomeric V-ring seal 32
and may also include a second elastomeric V-ring seal 34 as illustrated in FIGS. 1 and 3.
The first elastomeric V-ring seal 32 and the second elastomeric V-ring seal 34 may both
have a portion thereof (body portion 52, 52' (FIG. 4)) having an interference fit with a
respective first annular channel 42 and second annular channel 44 defined by the housing
14. The first elastomeric V-ring seal 32 and/or the second elastomeric V-ring seal 34 is
positioned in the housing 14 to mate with a major surface 25 of the check valve plate 20
proximate an outer periphery of the major surface, such as a lip portion 53, 53' (FIG. 4) that
is directed generally radially outward away from the first port. Additionally, the first
elastomeric V-ring seal 32 is positioned to surround the conduits 38 defined by the housing
for fluid communication between the internal cavity 16 and the first port 22. The second
secat 28 is defined by a plurality of radially spaced fingers 30 extending into the internal
cavity 16 from an interior surface of the internal cavity 16 that is more proximate the

second port 24.

[0023] Referring again to FIGS. 3 and 7, the housing 14 has one or more alignment
members 40 extending into the internal cavity 16 positioned to guide the check valve plate
20 as it translates between the closed position and open position. In the embodiment
illustrated in FIG. 2, the housing 14 has one alignment member, the generally centrally-
positioned alignment member 18, and the check valve plate 20 has a bore 21 therethrough

with the alignment member 18 received therein. A plurality of arms 36 extend radially
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outward from the pin 18 to subdivide the flow path (Fp) leading into the internal cavity 16
into a plurality of conduits 38 to direct the fluid flow around the periphery of the check
valve plate 20 when the check valve plate 20 is in the open position, and between bore 21
of the check valve plate 20 and alignment member 18. This embodiment includes a second
clastomeric V-ring seal 34 disposed about and proximate the central alignment member 18

with the lip portion 53' directed generally radially inward toward the alignment member 18.

[0024] In the embodiment of FIG. 7, the housing 14 has a plurality of alignment
members 40 positioned about an outer periphery 23 of the check valve plate 20. Here, the
check valve plate 20 has cogged outer periphery. Each cog is positioned between
consecutive alignment members of the plurality of alignment members to maintain the
check valve plate 20 in alignment as it translates between the open and closed positions.
Alternately, the alignment members 40 may be aligned with either the arms 36 or the

fingers 30, or both.

[0025] Turning now to FIGS. 4-6, the first elastomeric V-ring seal 32, 32, 32" each have
a body 52, 56, 62 having an interference fit to an annular channel 42 defined by the
housing 14 and a lip 53, 57, 63 extending from the body in a direction that defines a
generally V-shaped void 54, 58, 64 viewed in a longitudinal cross-section, opening in a
direction away from and generally perpendicular to the flow through the elastomeric V-ring
seal 32, 32', 32" into the internal cavity 16 and in a direction to divert the flow radially
inward and/or outward around the check valve plate 20. In FIGS. 1 and 3-7, the opening of
the generally V-shaped void 54, 58, 64 faces generally radially outward. The second
clastomeric V-ring seals 34, 34", 34" each have a body 52, 56', 62' having an interference
fit to an annular channel 44 defined by the housing 14 and a lip 53', 57', 63' extending from
the body in a direction that defines a generally V-shaped void 54', 58', 64' viewed in a
longitudinal cross-section, opening in a direction away from and generally perpendicular to
the flow through the elastomeric V-ring seal 34, 34', 34" into the internal cavity 16 and in a
direction to divert the flow radially inward and/or outward around the check valve plate 20.
In FIGS. 1 and 3-6, the opening of the generally V-shaped void 54, 58', 64' faces generally

radially inward.

[0026] FIGS. 4-6 demonstrate that the body portion 52, 56, 62 and 52, 56', 62' of the
first and second elastomeric V-ring seals 32, 32', 32" and 34, 34', 34" may have various

shapes, as viewed in a longitudinal cross-section. In the embodiment of FIG. 4, the bodies

-5-
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52, 52" are generally circular in a longitudinal cross-section, and, when considering the lips
53, 53', the V-ring seals 32, 34 are overall generally comma-shaped. Whereas, the bodies
56, 56' of FIG. 5 are generally V-shaped, and, when considering the lips 57, 57', the V-ring
seals 32', 34" are overall generally Y-shaped. The V-ring seals 32", 34" of FIG. 6 are
overall generally T-shaped. There is no general limit to the cross-sectional shape of the
body of a V-ring seal, but it typically is a shape that will form an interference fit with the
annular channel 42 of the housing 14 and when fit within the annular channel 42 applies

minimal stress to a lip extending out of the annual channel to engage the check valve plate.

[0027] Turning now to the second elastomeric V-ring seal 34, 34', 34", when present, is
typically disposed radially inward of the first elastomeric V-ring seal 32, 32", 32" as shown
in FIG. 1, and 3-6. The second elastomeric V-ring seal is seated in an annular channel 44
with an interference fit as shown in FIGS. 1-3. Here, however, the opening of the generally
V-shaped void 54', 58', 64' formed by the body 52, 56', 62" and the lip 53', 57', 63" faces

generally toward the central alignment member 18.

[0028] Other clastomeric seals may also be used in the check valves disclosed herein,
such as an O-ring seal and an X-ring seal. For these other elastomeric seals, they do need
to extend beyond the annual channel in which the seal is seated to define a first seat for the
check valve plate. Moreover, any of the elastomeric seals, V-ring or otherwise may be
mixed and matched in a check valve, there is no requirement that the first and second

clastomeric seals be of the same shape.

[0029] The first and second elastomeric V-ring seals may be made of or include a rubber
that is suitable for the temperatures, temperature changes, and other conditions that the
check valve will be exposed to within a system such as an internal combustion engine.
Suitable rubbers include nitrile rubber and Vitron® fluoroelastomer. The lip 53 of the
clastomeric V-ring seals is typically made of or includes a material that mates with
imperfections in the check valve plate 20 when seated against the lip 53 to form a tight seal

thereagainst.

[0030] The check valve plate is typically a rigid member made of or including a material
of suitable rigidity. Suitable examples include, but are not limited to, a metal plate, plastics
such as nylon or acetyl with or without fill (typically 30% by volume glass, minerals, and

the like), or carbon fiber materials. As used herein “metal” is used generically to represent
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all materials that may be pure metal, metal alloys, metal composites, and combination

thereof having a suitable rigidity.

[0031] Referring now to FIGS. 8-9, a check valve 100 is shown that includes a housing
having an upper portion 114a and a lower portion 114b defining an internal cavity 116 and
defining a first port 122 in fluid communication with the internal cavity 116 and a second
fluid port 124 in fluid communication with the internal cavity 116. The housing 114 is
shown as multiple piece housing with the upper portion 114a and the lower portion 114b
connected together with a fluid-tight seal. The internal cavity 116 typically has larger
dimensions than the first port 122 and the second port 124, in particular a larger width
when viewed as a longitudinal cross-section or larger diameter. In the illustrated
embodiment, the first port 122 and the second port 124 are positioned opposite one another
to define a generally linear flow path (Fp) through the check valve 100, when the check
valve plate 120 is not present, but is not limited to this configuration. In another
embodiment, the first and second fluid ports 122, 124 may be positioned relative to one

another at an angle of less than 180 degrees.

[0032] The internal cavity 116 includes an internal first seat 126 upon which the check
valve plate 20 seats when the check valve is "closed" (sown in FIG. 7) and a second seat
128 upon which the sealing member seats when the check valve is "open" (FIG. 9). In
FIG. 9, the first seat 126 is defined by only one elastomeric seal 132, which may be any of
the elastomeric seals disclosed herein and any equivalent thereof. With only one
clastomeric seal, the check valve plate is a continuous plate, typically of a rigid material.
The elastomeric seal 132, in particular a portion protruding from the annular channel 142,
such as a lip portion 63 in FIG. 6, and the check valve plate 120 mate together typically
proximate an outer periphery 123 of a first major surface 125 of the check valve plate. The
clastomeric seal 132 has a portion thereof (body portion 62 (FIG. 6)) having an interference
fit with the annular channel 142. The lip portion 63 (FIG. 6) is directed generally radially
outward away from the first port. The elastomeric seal 132 is positioned to surround the
conduits 138 defined by the housing for fluid communication between the internal cavity
116 and the first port 122. The second seat 128 is defined by a plurality of radially spaced
fingers 130 extending into the internal cavity 116 from an interior surface of the internal

cavity 116 that is more proximate the second port 124.
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[0033] Still referring to FIGS. 8-9, the housing 114 has one or more alignment members
140 extending into the internal cavity 116 positioned to guide and/or maintain alignment of
the check valve plate 120 within the internal cavity as it translates between the closed
position and open position. In this embodiment, the plurality of alignment members 140
protrude inward from an interior wall of the internal cavity, and the check valve plate has a

uniform outer diameter. These alignment member 140 may be referred to as fluting.

[0034] The presence of the elastomeric V-ring seals as the first seat provide the
advantages that the check valve plate may be light weight, resist or withstand high pressure
differential while sealing effectively at low differential pressures, minimize the pressure
drop of the check valve, and seal effectively. Additionally, this lighter weight check valve
can operate to reduce the adverse effects of surge phenomena in a system, such as engine

systems that include a turbocharge, without the need for an electrical interface.
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What 1s claimed is:

1. A check valve comprising:

a housing defining an internal cavity having a first port and a second port both in
fluid communication therewith, and having a first seat defined by a first elastomeric V-ring
scal and a second seat; and

a check valve plate within the internal cavity, wherein the check valve plate is
translatable, in response to pressure differentials, between a closed position against the first

seat and an open position against the second seat within the internal cavity of the housing.

2. The check valve of claim 1, wherein the first elastomeric V-ring seal includes a body
having an interference fit to an annular channel defined by the housing and a lip extending
from the body in a direction that defines a generally V-shaped void, viewed in cross-
section, opening in a direction away from and generally perpendicular to the flow through

the elastomeric V-ring seal into the internal cavity.

3. The check valve of claim 1, wherein the first elastomeric V-ring seal is positioned in
the housing to mate with a major surface of the check valve plate proximate an outer

periphery of the major surface.

4. The check valve of claim 1, wherein the first elastomeric V-ring seal is positioned to
surround an opening defined by the housing for fluid communication between the internal

cavity and the first port.

5. The check valve of claim 4, wherein the check valve plate is a continuous plate.

6. The check valve of claim 4, further comprising a second elastomeric V-ring disposed

radially inward of the first elastomeric V-ring seal.
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7. The check valve of claim 1, wherein the housing further comprises one or more
alignment members extending into the internal cavity positioned to guide the check valve

plate as it translates between the closed and open positions.

8. The check valve of claim 7, wherein the housing has a generally central alignment
member, the check valve plate has a bore therethrough, and the generally central alignment

member is received in the bore of the check valve plate.

9. The check valve of claim 8, further comprising a second elastomeric V-ring seal
disposed about and proximate the generally central alignment member with an opening of a
generally V-shaped void formed by a body and a lip of the second elastomeric V-ring seal

facing toward the generally central alignment member.

10. The check valve of claim 1, wherein the second seat is a plurality of radially spaced

apart fingers extending into the internal cavity.

11. The check valve of claim 4, further comprising a plurality of alignment members

positioned within the internal cavity.

12. The check valve of claim 11, wherein the check valve plate has a cogged periphery,
and each cog is between consecutive alignment members of the plurality of alignment

members.

13. The check valve of claim 11, wherein the plurality of alignment members protrude
inward from an interior wall of the internal cavity, and the check valve plate has a uniform

outer diameter.

14. The check valve of claim 1, wherein the check valve plate comprises a rigid material.

-10-
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15. A check valve comprising:

a housing defining an internal cavity having a first port and a second port both in
fluid communication therewith, and having a first seat defined by a first elastomeric
annular seal and a second seat; and

a check valve plate within the internal cavity, wherein the check valve plate is
translatable, in response to pressure differentials, between a closed position against the first

seat and an open position against the second seat within the internal cavity of the housing.

16. The check valve of claim 15, wherein the first elastomeric annular seal is an O-ring

seal and the check valve plate comprises a rigid material.

17. The check valve of claim 15, wherein the first elastomeric annular seal is an X-ring seal

and the check valve plate comprises a rigid material.

-11-
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