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PNEUMATIC VALVE / PRESSURE VESSEL SUBCOMPONENT WITH BAYONET
RETENTION FEATURE

CROSS REFERENCE TO RELATED PATENTS AND APPLICATIONS

[0001] This application is a continuation-in-part of currently pending U.S. Patent
Application Serial No. 16/217,082, filed on December 12, 2018, which application is

hereby incorporated by reference.

BACKGROUND
[0001] The present exemplary embodiments relate to subcomponents for complex
assemblies and, more particularly, subcomponents for valves and other devices.
However, it is to be appreciated that the present exemplary embodiment is also amenable
to other like applications.
[0002] Typical relay valves generally comprise a main valve housing or body having a
chamber for supporting one or more pistons and/or springs, valve members, and/or other
valve components. The main housing also typically includes several ports for connecting
the chamber to and from pressure supply lines.
[0003] FIGURE 1 illustrates an exemplary prior art relay valve 10 having a valve body
12 with a number of ports 14. The valve body 12 defines an interior chamber in which is
supported various valve components (pistons, valve members, springs, etc.), which are
not shown in FIGURE 1. The internal chamber is closed by cover plate 16 which is
secured to the valve body 12 by four bolts 18.
[0004] Assembly of the prior art relay valve 10 is generally performed by installing the
valve components into the valve body 12 and subsequently enclosing the internal
chamber with the cover plate 16 by installing and torqueing bolts 18 to a specified torque
setting. As the interior chamber of the relay valve 10 is pressurized, the cover plate 16
and bolts 18 are designed so as to be able to accommodate typical pressures
experienced within the internal chamber of the relay valve 10. To this end, it will be
understood that the selection of and the installation (e.g., torqueing) of bolts 18 is critical

to maintain a sealed internal chamber throughout the range of working pressures.
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[0005] While prior art relay valves have provided suitable performance, assembly of
such valves and, in particular, the mounting and securing of the cover plate 16 to the
valve body 12 in a suitable manner to ensure proper performance, is tedious as it requires
handling multiple components (bolts, washers, etc.) and torqueing the fasteners to
specification.

[0006] In other situations, snap ring retainers are used to retain subcomponents within
a valve housing. For example, some valves include a double check valve that is typically
supported by a check valve body inserted into an opening in the valve housing. The
check valve body is configured to be received in the opening, and a snap ring retainer is
then installed into a groove in the housing within the opening to retain the check valve
body in position. While snap ring retainers provide suitable performance, the snap ring
retainer can also be tedious to install and it can be difficult to verify proper
installation/seating of the snap ring retainer within the groove. In addition, the groove for

the snap ring typically must be precisely machined to provide suitable performance.

BRIEF DESCRIPTION

[0007] The present disclosure sets forth a fastener-less subcomponent that can be
integrated into an assembly without the need for additional hardware and fastener
technologies to retain the subcomponent in the assembly. The fastener-less
subcomponent includes a bayonet retention feature that fully constrains the
subcomponent radially, axially and rotationally within the assembly. Installation or
assembly of a subcomponent in accordance with the present disclosure to an assembly
is simplified as compared to prior art designs utilizing fasteners, while still providing
suitable performance. In addition, the fastener-less valve cover plate assembly is not
readily disassembled with common tools thereby discouraging tampering.

[0008] In accordance with one aspect of the present disclosure a cover plate assembly
for a closing a pressure chamber of a valve assembly comprises a housing having a
central aperture and a plurality of circumferentially spaced retention flanges surrounding
the aperture, each retention flange extending in an axial direction and having a slot
opening radially inwardly, and a cover having a central portion for covering the aperture

and at least one anti-rotation feature adapted to engage an adjacent retention flange
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when the cover is rotated from an unlocked position to a locked position to restrict return
rotation of the cover to the unlocked position.

[0009] The assembly can include a reinforcement member rotational interlocked with
the cover. At least a portion of the reinforcement member can be received in the slot of
each retention flange when the cover is in the locked position thereby restricting axial
movement of the cover relative to the housing, and the anti-rotation feature secures the
cover and the reinforcement member in the locked position by restricting rotation of the
cover to the unlocked position when the anti-rotation feature is engaged with the adjacent
retention flange.

[0010] The anti-rotation feature can include a cantilevered arm extending in spaced
relation to an outer circumferential edge of the central portion of the cover, the
cantilevered arm adapted to resilient deflect radially inwardly when the cover is rotated
from the unlocked position to the locked position as the distal end of the cantilevered arm
impinges on a first side surface of the adjacent retention flange, and to return to an
undeflected state when the distal end of the cantilevered arm is rotated past the adjacent
retention flange such that the distal end engages an opposite side surface of the adjacent
retention flange in the locked position. The distal end of the cantilevered arm can include
a barb. At least one of the distal end of the cantilevered arm or the first side surface of
the adjacent retention flange can include a sloped surface having an angle to assist in
urging the cantilevered arm radially inwardly. The reinforcement member can include a
reinforcement plate having a plurality of lobes extending radially outwardly from a central
portion of the reinforcement plate, the plurality of lobes adapted to extend radially
outwardly in between adjacent retention flanges when the cover is in the unlocked
position, and to be received in respective slots of the retention flanges when the cover is
in the locked position. A lobe of the reinforcement plate can be angularly aligned and
coextensive with a major portion of the at least one anti-rotation feature such that the lobe
and the at least one anti-rotation feature are received in the slot of a common retention
flange in the locked position. The cover can include a stop surface adapted to engage a
surface of the housing when the assembly is in the locked position to restrict further
rotation of the assembly beyond the locked position. A sealing element can be disposed

between the cover and the housing for sealing the pressure chamber. The housing can
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include an annular groove surrounding the aperture, the sealing element being received
in the annular groove. The reinforcement member can be integral with the cover.

[0011] In accordance with another aspect, a valve assembly comprises a valve
housing having an internal chamber, the valve housing having a central aperture in
communication with the internal chamber and a plurality of circumferentially spaced
retention flanges surrounding the aperture, each retention flange extending in an axial
direction and having a slot opening radially inwardly, and a cover having a central portion
for covering the aperture and at least one anti-rotation feature adapted to engage an
adjacent retention flange when the cover is rotated from an unlocked position to a locked
position to restrict return rotation of the cover to the unlocked position.

[0012] The assembly can further include a reinforcement member rotational
interlocked with the cover. At least a portion of the reinforcement member can be
received in the slot of each retention flange when the cover is in the locked position
thereby restricting axial movement of the cover relative to the housing, and the anti-
rotation feature secures the cover and the reinforcement member in the locked position
by restricting rotation of the cover to the unlocked position when the anti-rotation feature
is engaged with the adjacent retention flange.

[0013]  According to another aspect, a method of assembling a cover plate assembly
for a closing a pressure chamber of a valve assembly comprises providing a housing
having a central aperture and a plurality of circumferentially spaced retention flanges
surrounding the aperture, each retention flange extending in an axial direction and having
a slot opening radially inwardly, providing a cover having a central portion for covering
the aperture and at least one anti-rotation feature adapted to engage an adjacent
retention flange when the cover is rotated from an unlocked position to a locked position
to restrict return rotation of the cover to the unlocked position, nesting the cover in the
housing in a first orientation, and rotating the cover to a second orientation.

[0014] The method can further include providing a reinforcement member rotational
interlocked with the cover, where at least a portion of the reinforcement member is
received in the slot of each retention flange thereby restricting axial movement of the

cover relative to the housing and the anti-rotation feature secures the cover and the
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reinforcement member in the second position by restricting rotation of the cover to the
first position.

[0015] In accordance with another aspect of the present disclosure, a cover plate
assembly for closing a pressure chamber of a valve assembly comprises a housing
having a central aperture, a cover having a central portion for covering the aperture, a
reinforcement member rotational interlocked with the cover, and a fastener-less coupling
means for restricting axial and rotational movement of the cover relative to the housing.
[0016] In accordance with yet another aspect, a valve assembly comprises a valve
housing having an internal chamber, the valve housing having an aperture opening to an
exterior of the housing in communication with the internal chamber and a plurality of
circumferentially spaced retention flanges surrounding the aperture, each retention flange
at least partially defining a radially inwardly opening slot, and a subcomponent adapted
to be received in the aperture, the subcomponent having a body insertable axially into the
aperture and rotatable from an unlocked position to a locked position. The subcomponent
includes at least one anti-rotation component adapted to engage an adjacent retention
flange in the locked position to restrict return rotation of the cover to the unlocked position.
[0017]  The body can further comprise a plurality of radially outwardly extending lobes,
the plurality of lobes adapted to extend radially outwardly in between adjacent retention
flanges when the body is in the unlocked position, and to be received in respective slots
of the retention flanges when the cover is in the locked position thereby restricting axial
movement of the body relative to the valve housing, whereby the at least one anti-rotation
component secures the body in the locked position by restricting rotation of the body to
the unlocked position when the at least one anti-rotation component is engaged with the
adjacent retention flange. The at least one anti-rotation component can include a
cantilevered arm extending in tangential fashion from a radially inner portion of a
respective lobe, the cantilevered arm adapted to resiliently deflect radially inwardly when
the body is rotated from the unlocked position to the locked position as the distal end of
the cantilevered arm impinges on a first side of the adjacent retention flange, and to return
to an undeflected state when the distal end of the cantilevered arm is rotated past the
adjacent retention flange such that the distal end engages an opposite side surface of the

adjacent retention flange in the locked position. The distal end of the cantilevered arm
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can include an angled flat for engaging the opposite side surface of the adjacent retention
flange, wherein the opposite side surface has a corresponding angle such that the angled
flat can abuttingly engage the opposite side surface. The distal end of the cantilevered
arm or the first side surface of the adjacent retention flange can include a sloped surface
having an angle to assist in urging the cantilevered arm radially inwardly. The distal end
of the cantilevered arm can be aligned with a circumferential extent of the plurality of lobes
when in an unflexed state. The distal end of the cantilevered arm can be closer to an
adjacent lobe than the lobe from which the cantilevered arm extends. The body can
further comprise a stop surface adapted to engage a surface of the valve housing when
the body is in the locked position to restrict further rotation of the body beyond the locked
position. The body can be a unitary one-piece structure and can support a sealing
element. The subcomponent can include a double check valve.

[0018] In accordance with another aspect, a subcomponent is disclosed for an
associated valve assembly having a housing with an aperture opening to an exterior
thereof and a plurality of retention flanges adjacent the aperture. The subcomponent
comprises a body insertable axially into the aperture of the associated valve assembly
and rotatable from an unlocked position to a locked position. The subcomponent includes
at least one anti-rotation component adapted to engage an adjacent retention flange of
the associated valve assembly in the locked position to restrict return rotation of the body
to the unlocked position.

[0019]  The body can further comprise a plurality of radially outwardly extending lobes,
the plurality of lobes adapted to extend radially outwardly in between adjacent retention
flanges of the associated valve assembly when the body is axially inserted into the
aperture in the unlocked position, and to be received in respective radially inwardly
opening slots of the retention flanges of the associated valve assembly when the body is
in the locked position thereby restricting axial movement of the body relative to the
housing of the associated valve assembly. The at least one anti-rotation component
includes a cantilevered arm extending in tangential fashion from a radially inner portion
of a respective lobe, the cantilevered arm adapted to resiliently deflect radially inwardly
when the body is rotated from the unlocked position to the locked position as the distal

end of the cantilevered arm impinges on a first side of an adjacent retention flange of the
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associated valve assembly, and to return to an undeflected state when the distal end of
the cantilevered arm is rotated past the adjacent retention flange of the associated valve
assembly such that the distal end engages an opposite side surface of the adjacent
retention flange in the locked position. The distal end of the cantilevered arm can include
an angled flat. The distal end of the cantilevered arm can be aligned with an outer
circumferential extent of the plurality of lobes when in an unflexed state. The distal end
of the cantilevered arm can be closer to an adjacent lobe than the lobe from which the
cantilevered arm extends. The body can further include a stop surface adapted to engage
a surface of the housing of the associated valve assembly when the body is in the locked
position to restrict further rotation of the body beyond the locked position. The body can
be a unitary one-piece structure, and the subcomponent can include a double check
valve.

[0020] In accordance with still yet another aspect, a method of assembling a valve
assembly comprises providing a valve housing having an internal chamber, the valve
housing having an aperture opening to an exterior of the housing in communication with
the internal chamber and a plurality of circumferentially spaced retention flanges
surrounding the aperture, each retention flange at least partially defining a radially
inwardly opening slot, providing a subcomponent adapted to be received in the aperture,
the subcomponent having a body insertable axially into the aperture and rotatable from
an unlocked position to a locked position, nesting the subcomponent in the housing in a
first orientation corresponding to an unlocked position, and rotating the cover to a second
orientation corresponding to a locked position. The subcomponent includes at least one
anti-rotation feature adapted to engage an adjacent retention flange in the locked position

to restrict return rotation of the cover to the unlocked position.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021] FIGURE 1 is a perspective view of a prior art relay valve;
[0022] FIGURE 2 is a perspective exploded view of a valve cover plate assembly of a
valve in accordance with the present disclosure;
[0023] FIGURE 3 is a perspective view of the exemplary valve cover plate assembly

in a locked position;
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[0024] FIGURE 4 is a plan view of the exemplary valve cover plate assembly in a
locked position;

[0025] FIGURE 5 is a cross-sectional view of the exemplary valve cover plate
assembly taken through line 5-5 in FIGURE 4;

[0026] FIGURE 6 is a side elevational view of the exemplary valve cover plate
assembly in a locked position;

[0027] FIGURE 7 is a perspective view of a reinforcement plate of the valve cover
plate assembly;

[0028] FIGURE 8 is a perspective view of a cover of the valve cover plate assembly;
[0029] FIGURE 9 is a perspective view of a housing of the valve cover plate assembly;
[0030] FIGURE 10 is a perspective view of the reinforcement plate and cover prior to
rotational interlock;

[0031] FIGURE 11 is a side elevational view of the reinforcement plate and cover of
FIGURE 10;

[0032] FIGURE 12 is a side elevational view of the reinforcement plate and cover
rotationally interlocked;

[0033] FIGURE 13 is an enlarged portion of FIGURE 10;

[0034] FIGURE 14 is a side elevational view of the exemplary valve cover plate
assembly in an unlocked position;

[0035] FIGURE 15 is a plan view of the exemplary valve cover plate assembly in an
unlocked position;

[0036] FIGURE 16 is an enlarged portion of FIGURE 15;

[0037] FIGURE 17 is a side elevational view of the exemplary valve cover plate
assembly in a locked position;

[0038] FIGURE 18 is a plan view of the exemplary valve cover plate assembly in an
unlocked position;

[0039] FIGURE 19 is an enlarged portion of FIGURE 18;

[0040] FIGURE 20 is an enlarged portion of FIGURE 5;

[0041] FIGURE 21 is a perspective view of another exemplary valve cover plate

assembly in accordance with the present disclosure;
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[0042] FIGURE 22 is a cross-sectional view of a valve including another exemplary
valve cover plate assembly in accordance with the present disclosure;

[0043] FIGURE 23 is a perspective view of the valve cover plate assembly of FIGURE
22;

[0044] FIGURE 24 is a perspective view of a valve including a valve cover plate
assembly and a protective cap;

[0045] FIGURE 25 is an exploded view of an exemplary valve assembly in accordance
with the present disclosure;

[0046] FIGURE 26 is a top perspective view of a subcomponent of the valve assembly
of FIGURE 25;

[0047] FIGURE 27 is a bottom perspective view of a subcomponent of the valve
assembly of FIGURE 25;

[0048] FIGURE 28 is a plan view of the subcomponent of FIGURES 26 and 27:;
[0049] FIGURE 29 is a cross-sectional view taken along the line A-A in FIGURE 28;
[0050] FIGURE 30 is a plan view of a housing of the valve assembly of FIGURE 25;
[0051] FIGURE 31 is a plan view of the valve assembly with the subcomponent in an
unlocked position;

[0052] FIGURE 32 is a cross-sectional view taken along the line B-B in FIGURE 31;
[0053] FIGURE 33 is a plan view of the valve assembly with the subcomponent in a
locked position; and,

[0054] FIGURE 34 is a cross-sectional view taken along the line C-C in FIGURE 33.

DETAILED DESCRIPTION
[0055] Turning now to the drawings in detail and initially to FIGURE 2, an exemplary
valve 19 having a valve cover plate assembly 20 in accordance with the present
disclosure is illustrated. The valve cover plate assembly 20 generally comprises three
components — a housing 22, a cover 24 and a reinforcement plate 26. In FIGURE 2, the
valve cover plate assembly 20 is illustrated integrated into a valve housing 21, but in the
following figures the housing 21 is omitted for clarity. It should be appreciated, and will
become readily apparent from the following disclosure, that the valve cover plate

assembly 20 can be used to enclose an internal pressure chamber of a wide variety of
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relay valves. In addition, the valve cover plate assembly 20 can be used in a wide range
of applications for enclosing internal pressure chambers of other types of valves and
devices. As such, although the valve cover plate assembly 20 is shown and described in
the present disclosure in connection with a relay valve, it will be appreciated that the valve
cover plate assembly 20 is not limited to relay valve applications.

[0056]  With additional reference to FIGURES 3-6, which all show the valve cover plate
assembly 20 in an installed configuration (i.e. a locked position), it can be seen that the
three components of the valve cover plate assembly 20 cooperate to restrict rotation
about central axis A as well as to restrict axial movement along the central axis A. Central
axis A extends along the axial direction of the valve cover plate assembly 20. As such,
the terms “radial’, “circumferential”’, and other such terminology are to be understood to
be in relation to central axis A.

[0057] While the complete details of each of the housing 22, cover 24 and
reinforcement plate 26 will be described below, it should be appreciated at this point that
the basic assembly of the components includes rotationally interlocking the reinforcement
plate 26 to the cover 24, inserting (e.g., nesting) both components into the housing 22 in
an unlocked position, and rotating both components from the unlocked position to the
locked position shown in FIGURES 3-6. In the locked position, a rotation lock feature of
the cover 24 prevents rotation of the cover 24 and plate 26 relative to the housing 22,
while portions of the reinforcement plate 26 are trapped by a plurality of retention flanges
of the housing 22 thereby restricting axial displacement of the reinforcement plate 26
relative to the housing 22.

[0058] With this understanding of the basic features and operation of the valve cover
plate assembly 20 in mind, the details of the rotation lock feature as well as the manner
in which axial displacement of the cover 24 and reinforcement plate 26 is restricted will
be described.

[0059] InFIGURE 7, the reinforcement plate 26 is illustrated. The reinforcement plate
26 generally comprises a planar body 30 which is typically made of metal, carbon fiber or
any other suitable reinforcement material. In most applications, metal is a suitable
material for the reinforcement plate, but any material capable of providing sufficient

reinforcement to the cover 24 can be used. In some applications, the reinforcement plate
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26 can be a stamped metal component. Although the illustrated reinforcement plate 26
is planar, in some applications reinforcement structures (e.g., ribs) can be provided on
one or more surfaces of the reinforcement plate 26 to further enhance its strength/rigidity.
In some examples, the reinforcement plate can be integral with the cover (e.g.,
reinforcement member overmolded with cover).

[0060] The planar body 30 has a generally cylindrical shape with a contoured outer
peripheral edge 32. The various protrusions and recesses of the contoured edge 32
cooperate with certain features of both the housing 22 and the cover 24 to both rotationally
and axially interlock the reinforcement plate 26 with the housing 22. To this end, the
planar body 30 includes a first set of three radially outwardly extending lobes 34. Each
of the lobes 34 have a generally smooth radially outer circumferential surface and are
spaced approximately 120° apart from each other. A second set of three radially
outwardly extending lobes 36 are positioned between lobes 34. Lobes 36 are spaced
approximately 120° from each other and, unlike lobes 34, have a recess 38 in a radially
outer surface thereof. Although three lobes 34 and three lobes 36 are shown, certain
applications can have fewer or more lobes as desired.

[0061] FIGURE 8 illustrates the cover 24. The cover 24 is typically made of plastic or
other composite material, such as through a molding process. The cover 24 generally
comprises a generally circular central planar body portion 50 having a circumferential
outer edge 51. Extending from the central planar body 50 are three snap arms 52 (e.g.,
anti-rotation features). Each snap arm 52 includes a base portion 54 that extends radially
outwardly from the circumferentially outer surface 51 of the central planar body portion
50 and a cantilevered arm that extends circumferentially from the base portion 54 in
spaced apart fashion from the circumferentially outer surface 51 of the central planar body
portion 50. A distal end of the cantilevered arm 56 of each snap arm 52 includes a barb
58. The distal ends of the snap arms 52 are configured to resiliently deflect radially
inwardly during installation, as will be described below.

[0062] Between each of the snap arms 52 are radially outwardly extending flanges 60
that extend beyond the circumferential outer surface 51 of the planar body portion 50.
Each flange 60 includes a protrusion 62 extending axially from the flange 60. The

protrusion 62 in the illustrated embodiment has a general u-shape opening to an outer
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circumferential side of the cover 24. When the valve cover plate assembly 20 is
assembled, the protrusions 62 are configured to interlock with recesses 38 in the
reinforcement plate 26 to rationally interlock the components together.

[0063] Turning to FIGURE 9, the housing 22 is illustrated. The housing 22 has a
generally annular body 70 and is typically composed of a rigid material such as aluminum
or other metal alloy, etc. Although in the illustrated embodiment the annular body 70 is
shown as a separate component mountable to a valve housing, it will be appreciated that
the annular body 70 may typically be formed integrally with a portion of a valve (e.g., a
valve housing). The annular body 70 has a central opening or aperture 72 which, of
course, is closed by the cover 24 and reinforcement plate 26 as shown in FIGURES 2-6.
[0064] Extending axially from a peripheral edge portion of the annular body 70 are a
plurality of circumferentially spaced retention flanges 74. Each retention flange 74 has
an axially extending base portion 76 and a radially inwardly extending flange portion 78
together defining a slot 79 opening radially inwardly (e.g., towards the center of the
aperture 72). When the valve cover plate assembly 20 is assembled in the locked position,
the slots 79 of the retention flanges 74 are configured to receive respective lobes 34 and
36 of the reinforcement plate 22 to restrict axial movement of the reinforcement plate 26
and cover 24, while each snap arm 52 of the cover 24 engages a side surface of a
respective adjacent retention flange 74 to restrict rotation of the cover 24 and the
reinforcement plate 26 from the locked position.

[0065]  With reference now to FIGURES 10-19, the assembly of the valve cover plate
assembly 20 will be described. With initial reference to FIGURES 10-13, it can be seen
that the reinforcement plate 26 is coupled with the cover 24 such that protrusions 62
extend into recesses 38 thereby rotationally interlocking the reinforcement plate 26 with
the cover 24. Coupling the cover 24 and reinforcement plate 26 in this manner is
generally performed by bringing the components together along the central axis A. In
some embodiments, one or more retention features can be provided to temporarily couple
and retain the reinforcement plate 26 with the cover 24 prior to final assembly with the
housing 22.

[0066] Once the reinforcement plate 26 and cover 24 are brought together to the

position shown in FIGURE 12, the combined components can then be positioned relative

12



WO 2020/190451 PCT/US2020/019425

to the housing 22 and rotationally oriented such that each of the lobes 34 and the lobes
36 are received between respective adjacent retention flanges 74 of the housing 22.
Orienting the combined cover 24 and reinforcement plate 26 in this fashion permits the
reinforcement plate 26 and cover 24 to be fully axially seated (e.g., nested) against the
annular body 70 of the housing 22, for example, as shown in FIGURES 14-16. This
position is referred to herein as the unlocked position.

[0067] Inthe unlocked position, the angular orientation of the cover 24 is such that the
barb 58 of each snap arm 52 is in a position where clockwise rotation of the combined
cover 24 and reinforcement plate 26 causes a leading edge of the barb 58 to impinge
upon a ramped surface 82 of an adjacent retention flange 74 (see FIGURE 16) resulting
in a radially inward deflection of the cantilevered arm 56. Each of the six retention flanges
74 include a ramped side surface 82 such that regardless of the orientations of the
combined cover 24 and reinforcement plate 26 when nested, each of the three snap arms
52 will be positioned adjacent a ramped surface 82 of an adjacent retention flange 74.
[0068] Continued clockwise rotation of the combined cover 24 and reinforcement plate
26 causes the barb 58 of each snap arm 52 to rotate past its adjacent retention flange 74
such that the cantilevered arm 56 is no longer urged radially inwardly and returns to its
relaxed state. This position is referred to herein as the locked position. In the locked
position, barb 58 of each snap arm 52 engages an opposite side surface 84 of its adjacent
retention flange 74 (see FIGURE 19) thereby restricting return rotation of the combined
cover 24 and reinforcement plate 26 (e.g., counterclockwise rotation).

[0069] It should be appreciated that once the combined cover 24 and reinforcement
plate 26 is rotated to the locked position of FIGURES 17-19, continued clockwise rotation
of the combined cover 24 and reinforcement plate 26 is prevented by a stop surface 86
(see FIGURE 8) of each flange 60 of the cover 24. Accordingly, the combined cover 24
and reinforcement plate 26 is restricted from rotating in either of the clockwise or
counterclockwise directions from the locked position. Further, the lobes 34 and 36 of the
reinforcement plate 26 are trapped in slots 79 of the retention flanges 74 such that axial
displacement of the reinforcement plate 26 and/or cover 24 is restricted. In the locked
position, the snap arms 52 are largely concealed by their adjacent retention flanges 74.

13
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As such, the snap arms 52 are protected by the retention flanges from impact/damage
and/or dislodging.

[0070] Various features can be provided to facilitate rotation of the combined cover 24
and reinforcement plate 26 from/between the unlocked and locked positions. In the
illustrated embodiment, three notches 88 are provided in the reinforcement plate 26. The
notches 88 are configured to be engaged with a tool that is designed to facilitate rotation
of the reinforcement plate 26 from both the locked position shown in FIGURES 17-19
(e.g., during disassembly) as well as from the unlocked position shown in FIGURES 14-
16 (e.g., during assembly). It will be appreciated that other features could be provided as
desired such as a non-circular cross-sectional shape protrusion on the reinforcement
plate 26 or other structure to facilitate applying sufficient torque to the reinforcement plate
26 to move between the locked and unlocked positions.

[0071] It should be noted that once assembled, the valve cover plate assembly 20 is
not readily disassembled without the use of the specialized tool configured to engage the
reinforcement plate 26 to facilitate counterclockwise rotation. This feature discourages
tampering and/or unauthorized disassembly. To this end, the amount of force required
to rotate the reinforcement plate 26 from the locked position to the unlocked position to
allow removal of the cover 24 and reinforcement plate 26 from the housing 22 is at least
in part a function of the shape and/or size of the barbs 58 of the snap arms 52. For
example, the illustrated barbs 58 have a relatively sharp angle that is not easily dislodged
from the side surface of the retention flange 74. As such, a significant torque must be
applied in the counterclockwise direction before the barb 58 will dislodge. A shallower
angle barb, or a smaller barb, could be used to decrease the amount of torque required
to rotate the cover 24 and reinforcement plate 26 to the unlocked position. In some
embodiments, the barb 58 can be configured to break off from the planar body 50 during
disassembly such that the valve cover plate assembly 20 cannot be reused without a
replacement cover 24,

[0072] FIGURE 20 shows a close-up cross-sectional view of an exemplary snap arm
52 engaged with a respective retention flange 74 of the housing 22. It should be
understood that the axial thickness of the snap arm 52 is slightly less than the axial

thickness of the central portion 50 of the cover 24 such that clearance C1 and C2 exist
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between the snap arm 52 and the housing 22 within the slot 79 on both axial sides of the
snap arm 52. As such, the snap arm 52 can deflect radially inwardly, as described above,
free of any interference by the housing 22. This feature allows for a smooth installation
as the cover 24 is rotated from the unlocked position to the locked position. It should also
be appreciated that a lower side wall SW of the slot 79 is sloped downwardly to shed
moisture. Also shown in FIGURE 20 is a sealing element 90 trapped in an annular groove
92 of the housing 22 by the cover 24.

[0073] Turning now to FIGURE 21, another exemplary embodiment of a valve cover
plate assembly in accordance with the present disclosure is illustrated and identified
generally by reference numeral 120. This embodiment is similar in many respects to the
embodiment shown and described in connection with FIGURES 2-19 with the exception
being that the cover and reinforcement element are integrated into a single, unitary
component. Accordingly, similar reference numerals are used with a “prime” to denote
features common to both the valve cover plate assembly 120 and the valve cover plate
assembly 20.

[0074] The valve cover plate assembly 120 includes a housing 22’, a cover 24’ and a
reinforcement member 124. The reinforcement member 124 in this embodiment is
integrated into the cover 24’. In some embodiments, an overmolding process can be
used to integrate the reinforcement member 124 and the cover 24’. The reinforcement
member 124 includes three tabs 128 to facilitate rotation of the cover 24’ from the
unlocked position to the locked position. As will be appreciated, the tabs 128 generally
only allow the cover 24’ to be easily engaged for rotation towards the locked position.
Reverse rotation is not easily performed due to angled surfaces 132 of the tabs 128.
[0075] It should be appreciated that in all other respects, the valve cover plate
assembly 120 is similar to the valve cover plate assembly 20 of FIGURES 2-19 and can
be assembled in a similar fashion (e.g., engagement of snap arms with retention flanges,
etc.)

[0076] FIGURE 22 shows a relay valve 202 having a snap fit cover assembly 204 in
accordance with the present disclosure. In this embodiment, the snap fit cover assembly
202 generally comprises a cover 208 adapted to be received in an opening of a housing
212 of the relay valve 202. A circumferential side wall 216 of the cover 208 includes an
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annular groove 220 in which a sealing element 224 is disposed for sealing against a
circumferential inner surface of the housing 212.

[0077]  With additional reference to FIGURE 23, it will be appreciated that the housing
212 includes a plurality of retention flanges 228 while the cover 208 includes a plurality
of lobes 232. As will be appreciated, the cover 208 can be nested in the housing 212 in
a first angular orientation (e.g., unlocked position) and rotated to the locked position
shown in FIGURE 23 whereat the lobes 232 are retained by the retention flanges 228.
Anti-rotation tabs 240 of the cover 208 restrict rotation of the cover 208 from the locked
position. The anti-rotation tabs 240 are flexible and configured to deflect radially inwardly
to clear the retention flanges 228 during installation of the cover 208. The anti-rotation
tabs are configured to be received in a slot 242 between adjacent retention flanges 228
to restrict rotation of the cover 208 in either direction from the locked position.

[0078]  In the embodiment of FIGURES 22 and 23, the cover 208 includes a plurality
of reinforcement members in the form of ribs 244 extending between a circumferential
outer sidewall 248 and a central hub 252. These reinforcement members are integrally
formed as part of the cover 208 and provide the cover 208 with suitable stiffness and
strength to resist typical operating pressures of the valve 202. The multiple ribs 244 and
other structures of the cover 208, however, create multiple receptacles that can
accumulate moisture and/or dirt when installed in a vehicle. Freezing of such
accumulated moisture can damage the cover 208.

[0079]  With reference to FIGURE 24, relay valve 302 is shown including a cap 304 for
preventing water and/or debris ingress. It will be appreciated that the cap 204 is
particularly useful for use in connection with the valve cover 208 of FIGURES 22 and 23
which has multiple receptacles formed by the reinforcement ribs 244. However, it will be
appreciated that the cap 304 can be used with any embodiment of the present disclosure
where moisture/contaminant ingress protection is desired.

[0080] The cap 304 generally includes a main body 306 adapted to be closely received
over a top of the valve cover (not shown). First and second tabs 312 extend from the
main body 306 (only one tab 312 visible in FIGURE 24). The tabs 312 are adapted to
engage a shoulder 316 on an exterior of the valve housing 316 to retain the cap 304.
Each tab 312 is received in a gap 318 between a ramp 320 and stop 324 such that rotation
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of the cap 304 is restricted. Ramp 320 is provided for urging the tab 312 radially outwardly
when the cap 304 is rotated during installation until the tab 312 snaps into gap 318.
[0081] Turning to FIGURES 25-33, and initially to FIGURE 25, another exemplary
valve assembly 400 in accordance with the present disclosure is illustrated. The valve
assembly 400 generally includes a valve housing 404 having an aperture 406 opening to
an exterior of the housing 404 in communication with an internal chamber IC (see
FIGURES 32 and 34) of the valve housing 404. The aperture 406 has a plurality of
circumferentially spaced retention flanges 408 extending radially inwardly towards a
center of the aperture 406. Each retention flange 408, together with a shoulder 409 of the
housing 404, form a respective radially inwardly opening slot S. A subcomponent 410 is
configured to be received in the aperture 406.

[0082] The subcomponent 410 generally includes a body 412 of a generally cylindrical
shape adapted to be closely received into the aperture 406 of the valve housing 404. The
body 412 supports seal elements 416a and 416b (e.g., o-rings) as well as a diaphragm
420. In this embodiment, the valve assembly 400 is a dual check valve and the diaphragm
420 functions to restrict or permit flow from a pair of supply ports S1/S2 to an outlet port
OP (see FIGURES 32 and 34). It will be appreciated that the subcomponent 410 can be
adapted to support a wide variety of devices (e.g., check valves or other flow control
devices), or can be used as a plug for closing and sealing a bore or other opening of the
housing 404.

[0083] As will be described in further detail below, the body 412 is configured to be
inserted axially into the aperture 406 in a first orientation (e.g., an unlocked position) and
then rotated to a second orientation (e.g., a locked position) to thereby secure the body
412 within the valve housing 404. As such, the body 412 includes a plurality of lobes 424
that are adapted to be received under the retention flanges 408 (e.g., in slots S) when the
body 412 is in the locked position, and the body 412 further includes a plurality of
cantilevered arms 428 that are adapted to engage respective surfaces of the retention
flanges 408 to restrict rotation of the body 412 from the locked position towards the
unlocked position.

[0084] FIGURES 26-28 illustrate various views of the subcomponent 410. In the
illustrated embodiment, the body 412 includes four lobes 424. Lobes 424 generally
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extend radially outwardly from a main portion of the body 412 and define therebetween
slots 432. It should be appreciated that more or fewer lobes 424 can be provided
depending on a given application.

[0085] The exemplary subcomponent 410 further includes two cantilevered arms 428
extending from respective lobes 424. In general, the cantilevered arms 428 extend in
tangential fashion from a radially inner base portion 434 of a respective lobe 424 towards
an adjacent lobe 424 across a slot 432. A distal end 438 of each cantilevered arm 428 is
generally aligned with a radially outer extent of the adjacent lobe 424 (e.g., aligned along
the outer circumference of the lobes 424). Best shown in FIGURE 29, the cantilevered
arms 428 extend axially beyond the lobes 424. As will be described in more detail below,
each cantilevered arm 428 is configured to deflect radially inwardly during rotation of the
body 412 from the unlocked position to the locked position. Once the body 412 is in the
locked position, the cantilevered arms 428 return to the position shown in FIGURES 26-
28 and engage respective surfaces of the retention flanges 408 to thereby restrict reverse
rotation of the body 412 to the unlocked position.

[0086] With reference to FIGURE 30, the valve housing 404 is illustrated. As shown,
two of the retention flanges 408 have a generally circular shaped radially inner wall 442
while the other two retention flanges 408 have a profiled or shaped radially inner wall 446.
It should be appreciated that the profiled radially inner walls 446 are provided to engage
with respective cantilevered arms 428 during rotation of the body 412 from the unlocked
position to the locked position. The profiled radially inner walls 446 gradually urge the
cantilevered arms 428 radially inwardly as the body 412 is rotated towards the locked
position until the distal ends 438 of the cantilevered arms 428 clear respective retention
flanges 408 and resiliently return to their undeflected state within respective slots 432.
[0087] The action of the cantilevered arms 428 with respect to the profiled radially
inner walls 446 of the retention flanges 408 is better understood with reference to
FIGURES 31-34. In FIGURE 31, the subcomponent 410 is illustrated inserted axially into
the aperture 406 of the valve housing 404 in an unlocked position. In this position, the
lobes 424 of the body 412 are received between respective adjacent retention flanges
408. The distal ends 438 of the cantilevered arms 428 are positioned adjacent the profiled

radially inner walls 446 of the retention flanges 408.
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[0088] With further reference to FIGURES 33 and 34, the subcomponent 410 is
rotated to the locked position. In the illustrated embodiment, the angular displacement
between the unlocked and locked positions of the subcomponent 410 is approximately
40 degrees. As will be appreciated, the lobes 424 of the body 412 are received
underneath the retention flanges 408 within slots S. The distal ends 438 of the
cantilevered arms 428 are engaged with side surfaces 450 of respective retention flanges
408 preventing reverse rotation of the subcomponent 410 to the unlocked position. It
should further be appreciated that radially outwardly extending stop arms 454 of the body
412 prevent over rotation of the subcomponent 410 beyond the locked position. The stop
arms 454 are configured to engage surfaces 456 of adjacent retention flanges 408 and
together with the cantilevered arms 428 lock the subcomponent 410 against rotation. To
this end, the circumferential distance between a stop surface and a distal end 438 of the
immediately adjacent cantilevered arm 428 is approximately equal to the circumferential
spacing of the retention flanges 408.

[0089] Angled flats 460 on the distal ends 438 of the cantilevered arms 428 are
configured to match the angle of the side surfaces 450. As such, it should now be
understood that once rotated to the locked position, the subcomponent 410 generally
cannot be counterrotated to the unlocked position without damaging one or more of the
cantilevered arms 428.

[0090] Returning to FIGURE 26, the body 412 includes a pair of recesses 462 adapted
to receive respective portions of a tool (not shown) to effect rotation of the subcomponent
between the unlocked and locked positions.

[0091] As compared to prior art approaches that employ fasteners and/or snap rings
for retaining subcomponents within a housing, aspects of the present disclosure provide
a solution that is more easily assembled and requires fewer parts. In addition, aspects of
the present disclosure eliminate the need for precision machining of the housing that
would be required for an assembly employing a snap ring retainer. In certain examples,
the housing 404 can be a cast structure wherein such casting includes the formation of
the aperture 406, retention flanges 408 etc. By eliminating the need for precision
machining of a snap retainer groove in the housing, manufacturing of the housing is

simplified leading to lower overall costs.
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[0092] The exemplary embodiment has been described with reference to the preferred
embodiments. Obviously, modifications and alterations will occur to others upon reading
and understanding the preceding detailed description. It is intended that the exemplary
embodiment be construed as including all such modifications and alterations insofar as

they come within the scope of the appended claims or the equivalents thereof.
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CLAIMS:

1. A valve assembly comprising:

a valve housing having an internal chamber, the valve housing having an aperture
opening to an exterior of the housing in communication with the internal chamber and a
plurality of circumferentially spaced retention flanges surrounding the aperture, each
retention flange at least partially forming a radially inwardly opening slot; and

a subcomponent adapted to be received in the aperture, the subcomponent having
a body insertable axially into the aperture and rotatable from an unlocked position to a
locked position;

wherein the subcomponent includes at least one anti-rotation component adapted
to engage an adjacent retention flange in the locked position to restrict return rotation of

the cover to the unlocked position.

2. The valve assembly of claim 1, wherein the body further comprises a
plurality of radially outwardly extending lobes, the plurality of lobes adapted to extend
radially outwardly in between adjacent retention flanges when the body is in the unlocked
position, and to be received in respective radially inwardly opening slots when the cover
is in the locked position thereby restricting axial movement of the body relative to the
valve housing, whereby at least one anti-rotation component secures the body in the
locked position by restricting rotation of the body to the unlocked position when the at

least one anti-rotation component is engaged with the adjacent retention flange.

3. The valve assembly of claim 2, wherein the at least one anti-rotation
component includes a cantilevered arm extending in tangential fashion from a radially
inner portion of a respective lobe, the cantilevered arm adapted to resiliently deflect
radially inwardly when the body is rotated from the unlocked position to the locked position
as the distal end of the cantilevered arm impinges on a first side of the adjacent retention
flange, and to return to an undeflected state when the distal end of the cantilevered arm
is rotated past the adjacent retention flange such that the distal end engages an opposite

side surface of the adjacent retention flange in the locked position.
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4, The valve assembly of claim 4, wherein the distal end of the cantilevered
arm includes an angled flat for engaging the opposite side surface of the adjacent
retention flange, wherein the opposite side surface has a corresponding angle such that

the angled flat abuttingly engages the opposite side surface.

5. The valve assembly of claim 4, wherein at least one of the distal end of the
cantilevered arm or the first side surface of the adjacent retention flange includes a sloped

surface having an angle to assist in urging the cantilevered arm radially inwardly.

6. The valve assembly of claim 5, wherein the distal end of the cantilevered
arm is aligned with a circumferential extent of the plurality of lobes when in an unflexed

state.

7. The valve assembly of claim 6, wherein the distal end of the cantilevered

arm is closer to an adjacent lobe than the lobe from which the cantilevered arm extends.
8. The valve assembly of claim 1, wherein the body further comprises a stop
surface adapted to engage a surface of the valve housing when the body is in the locked

position to restrict further rotation of the body beyond the locked position.

9. The valve assembly of claim 1, further comprising at least one sealing

element supported by the subcomponent.

10.  The valve assembly of claim 1, wherein the body is a unitary one-piece

structure.

1. The valve assembly of claim 1, wherein the subcomponent includes a

double check valve.
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12. A subcomponent for an associated valve assembly having housing with an
aperture opening to an exterior thereof and a plurality of retention flanges adjacent the
aperture, the subcomponent comprising:

a body insertable axially into the aperture of the associated valve assembly and
rotatable from an unlocked position to a locked position;

wherein the subcomponent includes at least one anti-rotation component adapted
to engage an adjacent retention flange of the associated valve assembly in the locked

position to restrict return rotation of the body to the unlocked position.

13. The subcomponent of claim 12, wherein the body further comprises a
plurality of radially outwardly extending lobes, the plurality of lobes adapted to extend
radially outwardly in between adjacent retention flanges of the associated valve assembly
when the body is axially inserted into the aperture in the unlocked position, and to be
received in respective radially inwardly opening slots of at least partially defined by the
retention flanges of the associated valve assembly when the body is in the locked position
thereby restricting axial movement of the body relative to the housing of the associated

valve assembly.

14.  The subcomponent of claim 13, wherein the at least one anti-rotation
feature includes a cantilevered arm extending in tangential fashion from a radially inner
portion of a respective lobe, the cantilevered arm adapted to resiliently deflect radially
inwardly when the body is rotated from the unlocked position to the locked position as the
distal end of the cantilevered arm impinges on a first side of an adjacent retention flange
of the associated valve assembly, and to return to an undeflected state when the distal
end of the cantilevered arm is rotated past the adjacent retention flange of the associated
valve assembly such that the distal end engages an opposite side surface of the adjacent

retention flange in the locked position.

15.  The valve assembly of claim 14, wherein the distal end of the cantilevered

arm includes an angled flat.
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16.  The valve assembly of claim 14, wherein the distal end of the cantilevered
arm is aligned with an outer circumferential extent of the plurality of lobes when in an

unflexed state.

17.  The valve assembly of claim 16, wherein the distal end of the cantilevered

arm is closer to an adjacent lobe than the lobe from which the cantilevered arm extends.

18.  The valve assembly of claim 14, wherein the body further comprises a stop
surface adapted to engage a surface of the housing of the associated valve assembly
when the body is in the locked position to restrict further rotation of the body beyond the

locked position.

19.  The valve assembly of claim 1, wherein the body is a unitary one-piece

structure, and wherein the subcomponent includes a double check valve.

20. A method of assembling a valve assembly comprising:

providing a valve housing having an internal chamber, the valve housing having
an aperture opening to an exterior of the housing in communication with the internal
chamber and a plurality of circumferentially spaced retention flanges surrounding the
aperture, each retention flange at least partially defining a radially inwardly opening slot;
and

providing a subcomponent adapted to be received in the aperture, the
subcomponent having a body insertable axially into the aperture and rotatable from an
unlocked position to a locked position;

nesting the subcomponent in the housing in a first orientation corresponding to an
unlocked position; and

rotating the cover to a second orientation corresponding to a locked position;

wherein the subcomponent includes at least one anti-rotation component adapted
to engage an adjacent retention flange in the locked position to restrict return rotation of

the cover to the unlocked position.
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21. A valve assembly comprising:

a housing having an aperture extending from an internal pressure chamber to an
exterior of the housing;

a subcomponent having a body insertable into the aperture; and

a fastener-less coupling means for restricting axial and rotational movement of the

body relative to the housing.
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