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OUTFLOW VALVE BUTTERFLY PLATE RETENTION PIN

FIELD OF THE INVENTION

[0001] The present invention relates generally to flow control valves, and more
partlcularly to butterfly type fluid flow control valves used in aircraft cabin pressure control

systems.

BACKGROUND OF THE INVENTION

[0002] Many aircraft utilize a cabin pressure control system (CPCS) to control the
pressure of a cabin, an enclosed space within the fuselage of the aircraft containing crew,
passengers, and/or cargo during flight. For a high altitude pressurized airplane, the CPCS
must prevent decompression of the fuselage. Decompression of the fuselage above certain
limits (hereinafter "catastrophic decompression” or simply "decompression") is considered a
catastrophic event by the Federal Aviation Administration (FAA) and the European Joint
Aviation Authorities (JAA). FAA and JAA guidelines state that no single point failure,
regardless of the probability, may lead to a catastrophic event. ‘

[0003] One type of CPCS utilizes a butterfly-type outflow valve, which contains a
butterfly plate (disk) rotating on a drive shaft in the bore of a housing of the valve. Butterfly
plate design has progressed sufficiently to ensure that the butterfly plate itself cannot crack or
break apart and cause catastrophic decompressmn Unfortunately, the same does not hold
true for valve plate drive shafts. In many prior art dev1ces this was not a problem as the
devices were designed such that drive shaft failure was inherently unable to allow the
butterfly plate to separate from the.valve housing. However, recent design requirements -
aimed at decreasing leakage of fully closed valves have resulted in designs where the (irive
shaft is "slanted" relative to the butterfly plate (i.e. not coplanar with the plate) to allow the
plate a full, uninterrupted seal about its circumference. Slanting the drive shaft relative to the
plate causes a portion of the drive shaft to be exposed, i.e. not completely retained by the
valve. With a portion of the shaft exposed, failure of the shaft can result in fhe butterfly plate
‘ separating from the valve housing with the catastrophic decompression bemg a possible
result. Whether or not heretofore recognized as a problem, the p0351b111ty of catastrophic

decompression due to drive shaft failure in recent designs warrants development of methods

1
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and apparatus directed toward preventing catastrophic decompression even if drive shaft

failure occurs in such designs.

SUMMARY OF THE INVENTION

[0004] The present invention is directed to methods and apparatus for retaining a
butterfly plate within a valve housing after complete drive shaft. failure. More particularly,
the present invention is directed to the use of a pin or other retaining member extending
between the butterfly plate and the valve housing where an end of the pin extends into a
semi-circular channel centered on the center axis of the drive shaft. - In preferred
erﬁbodiments, the pin is immovably fixed to the valve housing, and extends into a channel on
the butterfly plate assembly where the channel is sized, dimensioned, and positioned such

that it corresponds to the path of an end of the pin as the plate rotates on the drive shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The exact nature of this invention, as well as the objects and advantages thereof,
will become readily apparent from consideration of the following specification in conjunction
with the accompanying drawings in which like reference numerals designate like parts

throughout the figures thereof and wherein:

[0006] Figure 1 is perspective view of a valve according to the present invention.
[0007]  Figure 2 is side cutaway view of the valve of figure 1. |

[0008]  Figure 3 is a top cutaway view of the valve of figure 1.

[0009] Figure 4 is a front view of the valve of figure 1.

[0010]  Figure S'is a detailed view of the valve of figure 1 in a closed position.
~[0011] Figure 6 is a detailed view of the Vallve of ﬁgure 1 in an open position.

[0012] Figure 7 is a detailed view of the an alternative valve according to the present

invention in a closed position.

[0013] Figure 8 is a detailed view of the valve of figure 7 in an open position.

2
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[0014]  Figure 9 is a detailed view of the an alternative valve according to the present

invention in a closed position.

[0015]  Figure 10 is a side view of a valve plate, drive shaft and retaining pin assembly of

an alternative valve according to the present invention.
[0016] Figure 11 is a front view of the assembly: of figure 10.

[0017] Figure 12 is a cutaway view of a housing adapted to receive the assembly of

figure 10.

[0018] Figure 13 is a cutaway view of an alternative valve according to the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] Reference will now be made to the preferred embodiments of the invention,
examples of Wllich are illustrated in the accompanying drawings. While the invention will be
described in conjunction with the preferred embodiments, it will be understood that these
embodiments are not intended to limit the invention. On the contrary, the invention is
_intended to cover alternatives, modifications and equivalents, which may be included within
the spirit and scope of the invention as defined by the appended claims. In the following
detailed description, numerous specific details are set forth in order to provide a thorough
understanding of the present invention. However, it will be understood by one of ordinary
skill in the art that the present invention may be practiced without these specific details. In
other instances, well known methods, procedures, components, and circuits have not been
described in detail so as not to unnecessarily obscure the important aspects of the present

invention.

[0020] In figures 1-6, a valve 1 comprises a bore 3, a valve plate 5, coaxial drive shaft
segments 7 and 9, retention members in the form of pins 11 and 13, and a housing 15. The
valve plate 5 comprises semi-circular grooves 17 and 19 centered on and perpendicular to the

axis of rotation A of the shafts 7 and 9 and the plate 5.
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[0021] It is contemplated that alternative embodiments will likely comprise elements in
addition to those described in relation to figure 1-16, and/or may include different numbers or
types of the described elements. It is also contemplated that any element may be formed
from any reasonable mgferial or combination of materials, that multiple elements may be part
of a single unitary structure, may all be separate pieces, énd/or one or more of them may be

an assembly of a plurality of pieces.

[0022]  Itis contemplated that the present invention is particularly well suited for use with
butterfly type valves; more particularly with butterfly type valves having a drive' shaft tilted
relative to the valve plate, and even more particularly with butterfly type valves having tilted
drive shafts that are used in cabin pressure control systems (CPCSs). However, the present
invention may also be applicable in other types of valves where a part or assembly rotates
about a shéft and it is desirable to prevent unwanted movement of the part or assembly in
case of shaft failure. In some instances it may also be applicable to non-valve assemblies as |

well.

[0023] Thg bore 3 defines a flow path through the valve 1 which is opened and closed via
rotation of the plate 5 on the drive shaft segments 7 and 9. The actual size and shape of the
bore is not critical to the present invention. However, it is contemplated that the present
invention is particularly advantageous when used in valves where the segment of the bore
within which the valve plate rotates is cylindrical and has an internal diameter approximately

equal to the diameter of the valve plate 5.

[0024]  The Valvé plate 5 may comprise any reasonable size or shape such that it operates
to at least partially open and close the flow path defined by the bore 3. In preferred
embodiments it comprises a unitary structure cast or otherwise formed from steel, a metallic
allow, or some other material or combination of materials'. In preferred embodiments it also,

as will be discussed further, comprises a channel that a retention member extends into.

[0025] The plate 5 may be coupled to a single drive shaft, two drive shaft segments as
shown in'ﬁgures 1-4, or to some other mechanism suitable for rotating the plate about an axis
of rotation passing through the bore. In some instances the axis of rotation may be
perpendiculér to the cen£erline of the bore while in other instances it may not. In the

preferred embodiment shown in figures 1-6 the plate 5 is tilted relative to the centerline of the
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coaxial shaft segments 7 and 9. The majority of the plate 5 is in the form of a cylindrical disk
with the center line of the disk being substantially collinear with the center line of the bore 3
when the plate is in a closed position, i.e. rotated such that the disk substantially or
completely blocks the bore 3. The segments 7 and 9 are tilted/slanted in that their centerline
is not perpendicular to the centerline of the disk portion of the plate 5. Neither is their

- centerline perpendicular to the centerline of the bore 3.

[0026] The segments 7 and 9 may, in some embodiments be replaced by a single drive
‘shaft. In other embodiments they may comprise protruding portions of the plate 5. In still
other embodiments, they may comprise some other structure adapted to rotate the plate 5
within the bore 3. In the preferred embodiment shown, the segments-7 and 9 extend at least
partially through the sides of the bore 3 and into the housing 15. It is prefgrabl’e that at least
one of the segments be coupled to an actuator such that the valve 1 can be remotely opened
‘and closed. Any type of actuator may be used such that in some instances pressure
differentials will be used to open and close the valve while in other electrical power will be

used to open and close the valve.

[0027] The‘ valve of figures 1-6 compriées retaining members in the form of pins 11 and
13. In the preferred embodiment, the pins 11 and 13 are each immoveably coupled to the
housing 15, or at least coupled to the housing 15 in a manner such that they do not rotate as
the plate 5 rotates. Although preferably pins, the retaining members may comprise any size
or shape so long as they extend between the valve plate and the housing (or a part or
assembly coupled to the housing) such that they will retain the plate 5 within the bore 3
should one or both of the shaft segments 7 and 9 fail. Although it is preferably that the pins
11 and 13 be substantially paraﬂel to the shaft segments 7 and 9, it is contemplate that in
some embodiments either one or both may be inclined relative to one or both of the segments

7 and 9.

[0028]  The positioning of the pin 11 relative to the shaft segment 7 and the pin 13 relative
to the shaft segment 9 may vary between embodiments. This is illustrated in figures 5 and 6
wherein the pin 11 is positioned relative to the shaft segment 7 such that it is adjacent the
plate 5 when the plate is in a closed pdsition, and, when the plate 5 is in an open position, is
positioned opposite of the plate 5 relative to the pin 11. In contrast, in figures 7 and 8, the pin

27 is opposite the plate 21 when the plate 21 is in a closed position, and adjacenf to the plate
s . ,
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21 when the plate 21 is in an open position. Figures 7-8 also illustrate alternative ‘
embodiments that utilize a plurality of pins extending into the plate channel. - Figure 9
illustrates the use of a retaining member 35 that is not a pin, but still extends into a channel

37 of a plate 31, and does so at least partially along a line parallel to drive a shaft 33.

[0029] Comparing figures 5 and 6 with figures 7 and 8 also illustrates that the valve plate
channel (17, 29) of an embodiment may comprise different shapes. In figures 5.and 6 it is
semicircular and forms an arc having an arc angle of approximately 90 degrees, while in

figures 8 and 9 it has an arc angle of approximately 180 degrees.

[0030]  Valve plate channels are preferably formed in a surface of the valve plate, but may
be formed in a surface of an element coupled to the valve plate, or by defining walls by
- adding members to the valve plate while using a surface of the plate as the floor of any such

channel.

[0031] In preferred embodiments channels such as the channels 17, 29, and 37 aire, other
than at their ends, of uniform width and also of uniform depth. Howevér, it is contemplated
that alternative channel conﬁguraﬁons may be used. As one of many possibilities, if the
retention members are tilted relative to the axis of rotation, the channels may have a non-
uniform depth so as to keep the retention member adjacent to the floor of the channel as the

valve plate rotates.

[0032] It is also preferred that the valve plate channels be sized and positioned such that
the retention members extend into the éhannel, but do not contact the sides or bottom of the
channel, throughout the rotation of the valve plate. As such, the retention member does not
contact the valve plate unless drive shaft failure occurs. In less preferred embodiments, the
retention member may contact the channel walls or floor, and may actually cooperate to
support and/or retain the valve plate even when drive shaft failure has not occurred. In some |
such erﬁbodiments the retention member or the valve plate may comprise additional

components to couple the retention member to the valve plate.

[0033] It is contemplated that in less preferred embodiments retention members may
extend outward from the valve plate and into channels in the housing. In figures 10-12 an

assembly 39 comprises a valve plate 41, drive shaft segments 43 and 45, and also comprises
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pin-like retention members 47 and 49. Figure 12 illustrates a housing 51 having a flow bore
53, shaft receiving bore 55, and channel 57 for reg:eiving the assembly 39 such that one of
the shaft segments 43 and 45 would extend into and through the shaft receiving bore 55, and

one of the retention members 47 and 49 would extend into the channel 57.

[0034] Figure 13 illustrates an alternative embodiment wherein a housing 59 contains a
bore 61, a valve plate 63, drive shaft segment 65 and 67, retention members 69 and 71, and
channels 73 and 75. In this embodiment the axis of rotation of the drive shafts is

perpendicular to the center line of the bore 61.

[0035]  Housings such as the housings 15, 51, and 59 may comprise any reasonable size
or shape, and may be formed as a single element or a combination of elements, and may be
formed from a single material, or from a combination of materials. In many instances
housings will be elongated, comprise" a cylindrical exterior surface, and also comprise a

cylindrical bore such as with the housing 15 that has the bore 3 passing lengthwise through it.

[0036] The embodiments of the present invention described herein comprise multiple
‘novel features with each described embodiment including either a single such feature or a
combination of such features. Other contemplated embodiments include all combinations of
one or more such novel features not explicitly described herein as such combinations are
readily discernable from the embodiments described. In light of the various contemplated
embodiments, the present invention can be characterized in a number of ways with the

following paragraphs providing an example of some such characterizations.

[0037]  The present invention may be characterized as a valve comprising a valve plate
coupled to a drive shaft having an axis of rotation, a semi-circular channel centered on the
axis of rotation, and a retention member extending into the channel. In some instances the
valve may be such that the drive shaft has ends extending into a housing, and the retention
member extends from the housing and into the channel where the channel is formed in a
surface of the valve plate. In some such instances, the valve may be such that the housing
comprises a bore having a center line, the axis of rotation and the valve plate are not -
coplanar, and the axis of rotation is not perpendicular to the centerline of the bore. Moreover,
the valve may be such that the retention member is an elongated pin extending a long a line

"substantially parallel to the axis of rotation.
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[0038] In some instances may also comprise two drive shaft segments extending in
opposite directions from the valve plate, and two elongated retention pins extending along
two separate lines that are substantially parallel to the axis of rotation, and two semi-circular
channels sized, dimensioned, and positioned such that the path of an end of each‘pin is within
a channel as the plate rotates on the drive shaft segments. In some such instances the valve

may be such that the pins do not contact the sides of the channel.

[0039] In any of the valves described herein, the valve plate, drive shaft, retention
member and housing comprise an assembly of a plurality of pieces. Alternatively, in some

instances the drive shaft and valve plate may be both part of a single unitary structure.

[0040] The present invention may also be characterized as a valve comprising a retaining
member extending between a valve plate rotatably mounted within a valve housing, wherein
the valve plate is mounted within the housing so as to be rotatable around an axis of rotation, -
and an end of the member extends into a semi-circular channel centered on the axis of
rotation. In sbme instances, the valve also comprise one or more drive shaft segments
extending between the valve plate and valve housing and rotatable about the axis of rotation.
In some such instances the retaining member is ‘a pin is immovably ﬁxed‘ to the valve
housing, and extends into the channel on the valve plate, where the channel is sized,
dimensioned, and positioned such that it corresponds to the path of an end of the pin as the

plate rotates on the drive shaft.

[0041] In some instances the valve may also comprise a center axis that is substantially
parallel to, but offset from, the axis of rotation. Moreover, in some instances the valve plate
housing may be rotably mounted within a bore of the housing, the bore having a centerline,

and the axis of rotation is not perpendicular to the bore centerline.

[0042] " In some instances valve may also comprise two retention pins and two channels,
each channel being semi-circular and centered on the axis of rotation, each retention pin
extending from the housing and into the channel. In some such instances, the retention pins
have non-colinear center lines that are offset from but substéntially parallel to the axis of

rotation.
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[0043]  The present invention may also be characterized as a method of retaining an
assembly rotatably mounted on one or more drive shaft segments within a bore, wherein the
assembly can be rotated about an axis passing through the drive shaft segments, the method
comprising causing one or more retention members to extend from a wall of the bore into the
| rotably mounted assembly wherein said retention members are not part of the one or more
drive shaft segments, and do not overlap the axis of rotation. The method may in some
instances be such that the assembly is a valve plate within a valve, and rotation of the
assembly causes the valve plate to open and close a flow path defined by the bore. In some
such instances, the method may be such that the retention members are sized and positioned
such that they will retain the valve platé within the bore even if complete failure of the one or
more drive shafts occurs. In some such instances tfle method may be such that opening and
closing the valve plate causes ends of the one or more retention members to follow a path
within channels that rotate with the valve plate. It may also be such thaf the channels are

semi-circular and are centered on the axis of rotation of the valve plate.
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CLAIMS

What Is Claimed Is:

1. A valve (1) comprising a valve plate (5, 41, 63) coupled to a drive shaft (7, 9)
having an axis of rotation, a semi-circular channel (17,29, 37, 57, 73, 75) centered on the
axis of rotation, and a retention member (11, 13, 47, 49, 69, 71) extending into the channe]
(17,29, 37, 57,73, 75).

2. The valve (1) of claim 1 wherein the drive shaft (7, 9) has ends extending into
a housing (15, 51, 59), and the retention member (11,13, 47, 49, 69, 71) extends from the
housing (15, 51, 59) and into the channel (17, 29, 37, 57, 73, 75) where the channel (17, 29,
37,57, 73, 75) is formed in a surface of the valve plate (5, 41, 63). ‘

3. The valve (1) of claim 2 wherein housing (15, 51, 59) comprises a bore (3, 55,
61) having a center line, the axis of rotation and the valve plate (5, 41, 63) are not coplanar,

and the axis of rotation is not perpendicular to the centerline of the bore (3, 55, 61).

4, The valve (1) of claim 3 wherein the retention member (11, 13, 47, 49, 69, 71)

is an elongated pin extending along a line substantially parallel to the axis of rotation.

5. The valve (1) of claim 4 comprising two drive shaft segments (43, 45, 65, 67)
extending in opposite directions from the valve plate (5, 41, 63), and two élongated retention
pins extending along two separate lines that are substantially parallel to the axis of rotation,
and two semi-circular channels sized, dimensioned, and positioned such that the path of an
end of each pin is within a channel (17, 29, 37, 57, 73, 75) as the plate rotates on the drive
shaft segments (43, 45, 65, 67).

6. The valve (1) of claim 5 wherein the pins do not contact the sides of the
channel (17,29, 37, 57, 73, 75).

7. The valve (1) of claim 4 Wherein one or more of the valve plate (5, 41, 63),
drive shaft (7, 9), retention member (11, 13, 47, 49, 69, 71) and housing (15, 51, 59) comprise

an assembly of a plurality of ﬁieces.

8. The valve (1) of claim 4 wherein the drive shaft (7, 9) and valve plate (5, 41,

63) are both part of a single unitary structure.
' 10
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