MULTIPLE PARTS REED VALVE AND METHOD OF MANUFACTURING
[0001] This application claims priority on United States Provisional Patent Application
Serial No. 61/858,728 filed July 26, 2013, which is incorporated herein by reference.

[0002] The present invention is directed to valves, more particularly to membrane or flapper
valves, and even more particularly to an improved membrane valve that can be used in
compressors and other types of applications.

BACKGROUND OF THE INVENTION
[0003] A membrane valve, which is commonly used in the area of refrigeration, and
particularly used in hermetic and/or semi-hermetic compressors to promote the refrigeration
effect, is well known in the art. The membrane valve, allows gas to be transferred from one
chamber to the other, according to a pre-determined frequency.
[0004] In regards to the dynamics of operation, membrane valves are comprised of an
external section to be attached to the housing of the body of a compressor or the like and at least
one internal section (membrane or reed) that is free to move (oscillate) in relation to the first
section. The internal section is designed to be positioned over an area which is the intermediate
point between a fluid entry duct and a suction chamber and which transfers such fluid to a
chamber equally furnished with an exhaust valve. In this manner, at least one of the above
mentioned internal sections oscillates in accordance to the behavior of the chamber and, in this
condition, the exhaust valve is closed. In a following stage, where the fluid is compressed into
the chamber, the membrane valve closes, while the exhaust valve is opened, thus transferring the
fluid to another duct, with the piston of a hermetic compressor providing the suction and transfer
functions.
[0005] There exists an extensive variety of single-piece membrane valves, generally made of
high carbon or stainless steel. Such membrane valves are described in detail in US 6,227,825
and Brazilian Patent No. P19702470-8, both of which are incorporated herein by reference. The
limits associated with such monolithic structures are also described in detail in US 6,227,825.
[0006] A multi-piece membrane valve is described in detail in US 6,227,825 which
overcomes many of the disadvantages associated with monolithic structure of these single-piece

membrane valves. The external section and internal section of the membrane valve is joined



together by laser welding using a laser, brazing, gluing or the equivalent. Although the
connection arrangement disclosed in US 6,227,825 solves many of the problems of past
membrane valves as described in Brazilian Patent No. P19702470-8, the connection arrangement
has some disadvantages. The consistency and quality of the connection arrangement formed by
laser welding can vary from part to part. Also, the costs associated with laser welding can be
higher that with using a single piece stamping process. Furthermore, because a weld bead
generally extends some distance above the surface of the body or reed of the piece, the weld does
not allow or makes it difficult to form a piece wherein the full top surface and/or the full bottom
surface of the membrane valve lies in the same plane.

[0007] The present invention is directed to a further improvement to the multi-piece
membrane valve as described in detail in US 6,227,825.

SUMMARY OF THE INVENTION

[0008] The present invention is directed to an improved membrane valve and a method of
manufacturing such membrane valve. The membrane valve includes a body and one or more
reeds or membranes that are connected to the body. The materials used to form the body and one
or more reeds or membranes can be the same or different. In one non-limiting arrangement, the
materials used to form the body and at least one of the reeds or membranes are different. In
another non-limiting arrangement, the materials used to form the body and all of the reeds or
membranes are different. The materials that can be used to form the body and the reeds or
membranes are non-limiting (e.g., metal, plastic, ceramic, wood, composite materials, fiber-
reinforced materials, etc.). In one non-limiting arrangement, the materials used to form the body
and/or the reeds or membranes include metal. The body and the one or more reeds or
membranes can be formed by a variety of processes (e.g., stamping process, laser cutting
process, molding process, etching process, photo etching process, mechanical cutting process, an
extrusion process, etc.). The shape, size, configuration and thickness of the body and the one or
more reeds or membranes are non-limiting. In one non-limiting embodiment, the connection
arrangement between the body of the membrane valve and at least one of the reeds or
membranes is a compression fit connection. As can be appreciated, all or some of the reeds or

membranes can be connected to the body by a compression fit connection. The compression fit
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connection can form the only connection between the body and the one or more reeds or
membranes, or additional connection arrangements (e.g., weld, adhesive, polymer coating,
magnetic connection, solder, brazing, etc.) can be used in combination with the compression fit;
however, this is not required. The compression fit connection can be formed by one or more
compression connections. In one non-limiting arrangement, the compression fit connection is
formed by a plurality (e.g., 2, 3, 4, 5, 6, 7, 8, 9, 10, etc.) of compression connections that are
spaced from one another.

[0009] In another and/or alternative non-limiting aspect of the present invention, the body of
the membrane valve and at least one of the reeds or membranes is formed of a different material.
In one non-limiting embodiment, the body is formed of a material that is more deformable (i.e.,
greater elastic deformation) than the material used to form one or more of the reeds or
membranes; however, this is not required. In one non-limiting arrangement, the body is formed
of a material that is more deformable than the material used to form all of the reeds or
membranes. In another and/or alternative non-limiting embodiment, the body is formed of a
material that has a hardness (i.e., based on Mohs hardness scale) that is less than the hardness of
one or more of the reeds or membranes; however, this is not required. In one non-limiting
arrangement, the body is formed of a material that has a hardness that is less than the hardness of
all of the reeds or membranes.

[0010] In still another and/or alternative non-limiting aspect of the present invention, the
connection arrangement includes a compression fit connection formed of one or more recesses
on the side and/or end of the reeds or membranes and the body that includes corresponding
connection extensions that are designed to fit in a corresponding recess when the reed or
membrane is connected to the body. As such, when the reeds or membranes are compression-
fitted to the body, all or a portion of a connection extension deforms, compresses, etc. and then
moves into a recess, thereby securing the reed or membrane to the body. Generally, when the
reed or membrane includes two or more recesses that are each designed to connect to a
respective connection extension, each of the connection extensions are inserted at the same time
into the respective recess in the reed or membrane; however, this is not required. Generally, the

shape of the connection extension for a particular recess has a shape that is generally the same as
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the shape of the recess; however, this is not required. Generally, the cross-sectional area of the
portion of the connection extension that is to be inserted into a particular recess is greater than a
cross-sectional area of the recess so that a compression fit is formed when the connection
extension is inserted into the recess; however, this is not required. The size, shape and/or
configuration of the recesses and connection extensions are non-limited.

[0011] In yet another and/or alternative non-limiting aspect of the present invention, the
connection arrangement includes a compression fit connection formed of one or more recesses
on the body, and the side and/or end of the reeds or membranes includes corresponding
connection extensions that are designed to fit in a corresponding recess when the reed or
membrane is connected to the body. As such, when the reeds or membranes are compression
fitted to the body, all or a portion of a connection extension deforms, compresses, etc. and then
moves into a recess, thereby securing the reed or membrane to the body. Generally, when the
reed or membrane includes two or more connection extensions that are each designed to connect
to a respective recess in the body, each of the connection extensions are inserted at the same time
into the respective recess; however, this is not required. Generally, the shape of the connection
extension for a particular recess has a shape that is generally the same as the shape of the recess;
however, this is not required. Generally, the cross-sectional area of the portion of the connection
extension that is to be inserted into a particular recess is greater than a cross-sectional area of the
recess so that a compression fit is formed when the connection extension is inserted into the
recéss; however, this is not required. The size, shape and/or configuration of the recesses and
connection extensions are non-limited.

[0012] In still yet another and/or alternative non-limiting aspect of the present invention, the
connection arrangement includes a) a compression fit connection formed of one or more recesses
on the side and/or end of the reeds or membranes and the body that includes corresponding
connection extensions that are designed to fit in a corresponding recess when the reed or
membrane is connected to the body, and b) a compression fit connection formed of one or more
recesses on the body and the side and/or end of the reeds or membranes includes corresponding
connection extensions that are designed to fit in a corresponding recess when the reed or

membrane is connected to the body. In one embodiment, the compression fit connection is the
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primary or only connection between the body and the reed or membrane. In one non-limiting

confirmation, the compression fit connection is the only connection between the body and the

reed or membrane. In such an arrangement, there is no weld, solder, brazing, adhesive, bonding

agent, etc. that is used in addition to the compression fit connection to secure the reed or

membrane to the body.

[0013] In another and/or alternative non-limiting aspect of the present invention, the entrance

to the recess has a width that is less than a maximum cross-sectional length of a portion of the

recess that is recessed or spaced from the entrance; however, this is not required. As such, the

width of the recess is narrower than one or more portions of the recess that is recessed or spaced

from the entrance to the recess. In one non-limiting embodiment, the cross-sectional shape of
the one or more recesses has an edge radius; however, other shapes can be used. In one non-

limiting configuration of a recess, the recess includes a C-shaped portion; however, this is not

required. In one non-limiting arrangement, the recess has a lollipop shape or standard light bulb .
shape. In another and/or alternative non-limiting embodiment of the invention, the entrance to

one or more recess has a radius of curvature; however, this is not required. In still another and/or

alternative non-limiting embodiment of the invention, when the recess is positioned on a side of
reed or membrane, the width of the recess entrance is less than about 25% the maximum

longitudinal length of the reed or membrane, typically less than about 20% the maximum

longitudinal length of the reed or membrane, more typically less than about 15% the maximum

longitudinal length of the reed or membrane, still more typically less than about 10% the

maximum longitudinal length of the reed or membrane, yet more typically less than about 8% the

maximum longitudinal length of the reed or membrane, and still yet more typically less than

about 7% the maximum longitudinal length of the reed or membrane. In yet another and/or

alternative non-limiting embodiment of the invention, when the recess is positioned on an end of
the reed or membrane, the maximum longitudinal length of the recess is less than about 25% the

maximum longitudinal length of the reed or membrane, typically less than about 20% the

maximum longitudinal length of the reed or membrane, more typically less than about 15% the

maximum longitudinal length of the reed or membrane, still more typically less than about 10%

the maximum longitudinal length of the reed or membrane, yet more typically less than about 9%
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the maximum longitudinal length of the reed or membrane, and still yet more typically less than
about 8% the maximum longitudinal length of the reed or membrane. In still another and/or
alternative non-limiting embodiment of the invention, when the recess is positioned on the end of
reed or membrane, the width of the recess entrance is less than about 35% the maximum width of
the reed or membrane, typically less than about 30% the maximum width of the reed or
membrane, more typically less than about 25% the maximum width of the reed or membrane,
still more typically less than about 20% the maximum width of the reed or membrane, yet more
typically less than about 15% the maximum width of the reed or membrane, and still yet more
typically less than about 10% the maximum width of the reed or membrane.

[0014] In still another and/or alternative non-limiting aspect of the present invention, the
entrance to one or more recesses has a radius of curvature; however, this is not required. This
radius of curvature on the entrance of the recess, when used, can be used to facilitate in the
connecting of the reeds or membranes to the body. The rounding and/or softening of one or
more corners at the entrance of the recess can also reduce tension accumulation of the reeds or
membranes, thus allowing for a longer service life.

[0015] In yet another and/or alternative non-limiting aspect of the present invention, the edge
of the recess that is to first contact a corresponding connection extension when the reed or
membrane is being connected to the body can be a tapered surface; however, this is not required.
This tapered surface, when used, can be used to facilitate in the connecting of the reeds or
membranes to the body. The angle of taper is non-limiting. The taper can exist in part or
through the full thickness of the recess.

[0016] In still yet another and/or alternative non-limiting aspect of the present invention, the
edge of the connection extension that is to first contact a corresponding recess when the reed or
membrane is being connected to the body can be a tapered surface; however, this is not required.
This tapered surface, when used, can be used to facilitate in the connecting of the reeds or
membranes to the body. The angle of taper is non-limiting. The taper can exist in part or
through the full thickness of the connection extension.

[0017] In another and/or alternative aspect of the present invention, the shape and/or size of

the body and/or the one or more reeds or membranes are non-limiting. The materials used to
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form the body and/or the one or more reeds or membranes are non-limiting. The thickness of the
body and/or the one or more reeds or membranes is non-limiting. Generally, the thickness of the
body and/or the one or more reeds or membranes is the same. In such an arrangement, when the
one or more reeds or membranes are connected to the body, the thickness of the membrane valve
is generally uniform. In one non-limiting embodiment of the invention, the top surface and/or
bottom surface of the one or more reeds or membranes, when connected to the body, lie in the
same and/or parallel plane as the top and/or bottom surface of the body; however, this is not
required. In one non-limiting configuration, the top surface of the one or more reeds or
membranes, when connected to the body, lies in the same plane as the top surface of the body,
and the bottom surface of the one or more reeds or membranes lies in the same plane as the
bottom surface of the body.

[0018] In still another and/or alternative aspect of the present invention, the connection
arrangement between the body of the membrane valve and at least one of the reeds or
membranes is located at the rear portion of the reéd or membrane. In one non-limiting
embodiment of the invention, the connection arrangement on the reed or membrane is located at
the rear end of the reed or membrane, or at a location that is spaced from rear end a distance that
is less than 40% of the maximum longitudinal length of the reed or membrane, typically at a
location that is spaced from rear end a distance that is less than 30% of the maximum
longitudinal length of the reed or membrane, more typically at a location that is spaced from rear
end a distance that is less than 20% of the maximum longitudinal length of the reed or
membrane, still more typically at a location that is spaced from rear end a distance that is less
than 18% of the maximum longitudinal length of the reed or membrane, and yet more typically
at a location that is spaced from rear end a distance that is less than 16% of the maximum
longitudinal length of the reed or membrane.

[0019] In yet another and/or alternative aspect of the present invention, at least a portion of
the outer edge of the at least one of the reeds or membranes is spaced from the body when the
reed or membrane is connected to the body; however, this is not required. In one non-limiting
embodiment of the invention, a majority of the outer edge of at least one of the reeds or

membranes is spaced from the body when the reed or membrane is connected to the body,
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typically at least about 55% of the outer edge of at least one of the reeds or membranes is spaced
from the body when the reed or membrane is connected to the body, typically at least about 60%
of the outer edge of at least one of the reeds or membranes is spaced from the body when the
reed or membrane is connected to the body, more typically at least about 65% of the outer edge
of at least one of the reeds or membranes is spaced from the body when the reed or membrane is
connected to the body, still more typically at least about 70% of the outer edge of at least one of
the reeds or membranes is spaced from the body when the reed or membrane is connected to the
body, and yet still more typically at least about 72% of the outer edge of at least one of the reeds
or membranes is spaced the body when the reed or membrane is connected to the body. The
space between the outer edge of the reed or membrane and the body can be constant or non-
constant. The space between the outer edge of the reed or membrane and the body is generally
less than about 15% the maximum width of the reed or membrane, typically less than about 10%
the maximum width of the reed or membrane, more typically less than about 8% the maximum
width of the reed or membrane, and still more typically less than about 5% the maximum width
of the reed or membrane.

[0020] In still another and/or alternative aspect of the present invention, a majority of the
rear portion of the reed or member that is in contact with the body is not connected to by the
compression fit connection. Generally less than about 45% of the rear portion of the reed or
member that is in contact with the body is connected to by the compression fit connection,
typically less than about 40% of the rear portion of the reed or member that is in contact with the
body is connected to by the compression fit connection, more typically less than about 35% of
the rear portion of the reed or member that is in contact with the body is connected to by the
compression fit connection, still more typically less than about 30% of the rear portion of the
reed or member that is in contact with the body is connected to by the compression fit
connection, yet still more typically less than about 25% of the rear portion of the reed or member
that is in contact with the body is connected to by the compression fit connection, and even more
typically less than about 20% of the rear portion of the reed or member that is in contact with the

body is connected to by the compression fit connection.



[0021] In still yet another and/or alternative aspect of the present invention, the membrane
valve is made of a substantially thin metallic plate of a certain material which has, at its
outermost radial area, at least one hole configuring the lodging for the usual escape valve and
several holes for the assembly of the valve on a determined device such as, but not limited to, a
COmMpressor.

[0022] In another and/or alternative aspect of the present invention, the membrane valve can
be partially or fully coated on the top and/or bottom surface by a coating that can be used to as a
gasket to form a seal when the membrane valve is inserted in a device; however, this is not
required. The coating can be a silicon coating and/or polymer coating. The thickness of the
coating is non-limiting. Generally the coating, when used, has a uniform thickness. Generally
the coating is applied about the reed opening. The coating can also or alternatively be applied
about one or more of the holes in the body. The coating, when used, is not considered a
connection arrangement for connecting the reed or membrane to the body for purposes of this
invention.

[0023] In still another and/or alternative aspect of the present invention, the process for
manufacturing the membrane valve of the present invention has the following non-limiting
advantages in relation to the other existing valves:

a. Cost reduction of the membrane valve by 1) using less expensive materials for the
body, 2) less punctures are required due to faster rounding of the corners of the membrane valve,
and/or 3) the body needs only to be deburred.

b. Increased service life of the membrane valve due to the better rounding of the
comners and the optional use of harder materials for the manufacture of the reed or membrane.

. Joining of the reed or membrane to the body without interfering with the quality
and technical characteristics of the membrane valve (e.g., not adversely affecting the uniform
thickness of the membrane valve, etc.).

d. Joining of the reed or membrane to the body without interfering with the

hardness, mechanical resistance, and flexibility of any one of the parts of the membrane valve.



e. Mechanical joining of the reed or membrane to the body without the use of an
adhesive, weld, solder or other component improves the quality and durability of the connection
between the body and the one or more reeds or membranes.

f. Joining of the reed or membrane to the body can be done automatically, which
can lower the final cost of the membrane valve.

g. The manufacturing process of the present invention allows for more
manufacturing and assembly versatility, thus allowing the work to be made with a reduced stock
of raw material and finished parts, which can, at the same time, meet the modern standards of
production such as the "just in time" standard.

h. The manufacturing process of the present invention results in a technical
performance that is more advantageous than other existing valves, due to a better selection of
manufacturing mateﬁals which increases its yield.

1. This design allows for use of all reeds with same raw material grain direction,
increasing fatigue life and/or reliability of reeds.

i The design has several advantages such as better edge radius, use of raw material
grain direction can support thickness reduction of new reed valves, and/or increasing compressor
performance.

k. The current design reduces dead volume (slot x reed thickness), thus increasing
compressor efficiency.

I, The complete top surface of the one or more reeds or membranes, when
connected to the body, can lie in the same plane as the top surface of the body, and the complete
bottom surface of the one or more reeds or membranes can lie in the same plane as the bottom
surface of the body thereby more closely matching the profile of a single piece membrane valve.
[0024] It is one non-limiting objective of the present invention to provide an efficient method
so that two or more parts of a membrane valve are held together. |
[0025] It is another and/or alternative non-limiting objective of the present invention to
provide a method to join one or more parts of a membrane valve without interfering with the

quality and technical characteristics of the membrane valve.
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[0026] 1t is still another and/or alternative non-limiting objective of the present invention to
provide a method to join one or more parts of a membrane valve while maintaining the flat
aspect (i.e., without increasing the thickness) of the membrane valve.

[0027] It is yet another and/or alternative non-limiting objective of the present invention to
provide a method to join one or more parts of a membrane valve without interfering with the
hardness, mechanical resistance, and flexibility of the components (e.g., body, membrane or
reed) of the membrane valve.

[0028] It is still yet another and/or alternative non-limiting objective of the present invention
to provide a method to join one or more parts of a membrane valve without forming a residual
part which will eventually have to be removed from the membrane valve.

[0029] It is another and/or alternative non-limiting objective of the present invention to
provide a method to join one or more parts of a membrane valve that utilizes a joining
arrangement that does not react with the parts of the membrane valve.

[0030] It is still another and/or alternative non-limiting objective of the present invention to
provide a method to join one or more parts of a membrane valve that is less time consuming,
reduces manufacturing costs, and/or reduces raw material costs.

[0031] It is yet another and/or alternative non-limiting objective of the present invention to
provide a method to join one or more parts of a membrane valve that enables the use of less
expensive materials to manufacture the body of the membrane valve.

[0032] It is still yet another and/or alternative non-limiting objective of the present invention
to provide a membrane valve having a technical performance that is substantially more
advantageous than other existing valves, due to a better selection of manufacturing materials
which increases its yield.

[0033] It is another and/or alternative non-limiting objective of the present invention to
provide a method to join one or more parts of a membrane valve that provides manufacturing and
assembly versatility, thus allowing the work to be made with a reduced stock of raw material and
finished parts, which can, at the same time, meet the modern standards of production such as the
“Just in time” standard.

[0034] It is still another and/or alternative non-limiting objective of the present invention to
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provide a membrane valve having one or more corners softened or rounded in order to avoid
tension accumulation of the membrane being used, allowing for a longer service life.

[0035] It is yet another and/or alternative non-limiting objective of the present invention to
provide a membrane valve having a smaller radial gap or slot between one or more of the
elongated cuts and the respective membrane defined by such cuts. This dead volume (slot x reed
thickness) can be reduced.

[0036] It is still yet another and/or alternative non-limiting objective of the present invention
to provide a membrane valve wherein the connection arrangement between the body of the
membrane valve and at least one of the reeds or membranes is a compression fit connection.
[0037] It is another and/or alternative non-limiting objective of the present invention to
provide a membrane valve wherein the body of the membrane valve and at least one of the reeds
or membranes is formed of a different material.

[0038] It is still another and/or alternative non-limiting objective of the present invention to
provide a membrane valve wherein the body is formed of a material that is more deformable
than the material used to form one or more of the reeds or membranes.

[0039] It is yet another and/or alternative non-limiting objective of the present invention to
provide a membrane valve wherein the body is formed of a material that is more deformable
than the material used to form all of the reeds or membranes.

[0040] It is still yet another and/or alternative non-limiting objective of the present invention
to provide a membrane valve wherein the body is formed of a material that has a hardness that is
less than the hardness of one or more of the reeds or membranes.

[0041] It is another and/or alternative non-limiting objective of the present invention to
provide a membrane valve wherein the connection arrangement includes a compression fit
connection formed of one or more recesses on the side and/or end of the reeds or membranes
and the body that includes corresponding connection extensions that are designed to fit in a
corresponding recess when the reed or membrane is connected to the body.

[0042] 1tis stﬂl another and/or alternative non-limiting objective of the present invention to
provide a membrane valve wherein the connection arrangement includes a compression fit

connection formed of one or more recesses on the body and the side and/or end of the reeds or
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membranes that includes corresponding connection extensions that are designed to fit in a
corresponding recess when the reed or membrane is connected to the body.

[0043] It is yet another and/or alternative non-limiting objective of the present invention to
provide a membrane valve wherein the shape of the connection extension for a particular recess
has a shape that is generally the same as the shape of the recess.

[0044] It is still yet another and/or alternative non-limiting objective of the present invention
to provide a membrane valve wherein the cross-sectional area of the portion of the connection
extension that is to be inserted into a particular recess is greater than a cross-sectional area of the
recess so that a compression fit is formed when the connection extension is inserted into the
recess. |

[0045] 1t is another and/or alternative non-limiting objective of the present invention to
provide a membrane valve wherein the entrance to the recess has a width that is less than a
maximum cross-sectional length of a portion of the recess that is recessed or spaced from the
entrance.

[0046] It is still another and/or alternative non-limiting objective of the present invention to
provide a membrane valve wherein the recess includes a C-shaped portion.

[0047] 1t is yet another and/or alternative non-limiting objective of the present invention to
provide a membrane valve wherein the entrance to one or more recess has a radius of curvature.
[0048] It is still yet another and/or alternative non-limiting objective of the present invention
to provide a membrane valve wherein the edge of the recess that is to first contact a
corresponding connection extension when the reed or membrane is being connected to the body
can be a tapered surface.

[0049] It is another and/or alternative non-limiting objective of the present invention to
provide a membrane valve wherein the edge of the connection extension that is to first contact a
corresponding recess when the reed or membrane is being connected to the body can be a
tapered surface.

[0050] These and other objects and advantages will become apparent from the following

description and drawings.
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BRIEF DESCRIPTION OF DRAWINGS
[0051] Reference may now be made to the drawings, which illustrate various embodiments
that the invention may take in physical form and in certain parts and arrangements of parts
wherein;
[0052] Fig. 1 is an exploded view of a non-limiting membrane valve in accordance with the
present invention;
[0053] Fig. 2 is a top plan view of the assembled membrane valve of Fig. 1;
[0054] Fig. 3 is a modified version of the membrane valve of Fig. 1 wherein the compression
fit is located at the rear end of the reed or membrane;
[0055] Fig. 4 is a modified version of the membrane valve of Fig. 1 wherein the compression
fit is located at both the sides and the rear end of the reed or membrane;
[0056] Fig. 5 is a modified version of the membrane valve of Fig. 1 wherein the compression
fit is located at the sides of the reed or membrane and the shape of the opening on the body and
the shape of the reed or membrane are modified;
[0057] Fig. 6 is a modified version of the membrane valve of Fig. 1 wherein the compression
fit is located at the rear end of the reed or membrane and the shape of the opening on the body
and the shape of the reed or membrane are modified;
[0058] Fig. 7 is a modified version of the membrane valve of Fig. 1 wherein the compression
fit is located at both the sides and the rear end of the reed or membrane and the shape of the
opening on the body and the shape of the reed or membrane are modified,;
[0059] TFig. 8 is a modified version of the membrane valve of Fig. 1 wherein the compression
fit is located at the sides of each of the plurality of reed or membrane and the shape of the
openings on the body and the shapes of the reed or membrane are modified;
[0060] Fig. 9 is a modified version of the membrane valve of Fig. 1 wherein the compression
fit is located at the rear end of each of the plurality of reed or membrane and the shape of the
openings on the body and the shapes of the reed or membrane are modified;
[0061] Fig. 10 is a modified version of the membrane valve of Fig. 1 wherein the

compression fit is located at both the sides and rear end of each of the plurality of reed or
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membrane and the shape of the openings on the body and the shapes of the reed or membrane
are modified;

[0062] Fig. 11 is a modified version of the membrane valve of Fig. 1 wherein the
compression fit is located at the sides of each of the plurality of reed or membrane and the shape
of the openings on the body and the shapes of the reed or membrane are modified;

[0063] Fig. 12 is a modified version of the membrane valve of Fig. 1 wherein the
compression fit is located at the rear end of each of the plurality of reed or membrane and the
shape of the openings on the body and the shapes of the reed or membrane are modified; and,
[0064] Fig. 13 is a modified version of the membrane valve of Fig. 1 wherein the
compression fit is located at both the sides and rear end of each of the plurality of reed or
membrane and the shape of the openings on the body and the shapes of the reed or membrane
are modified.

DESCRIPTION OF NON-LIMITING EMBODIMENTS OF THE INVENTION
[0065] Referring now to the drawings wherein the showing is for the purpose of illustrating
non-limiting embodiments of the invention only and not for the purpose of limiting the same,
there is illustrated in FIGS. 1-13 a multi-piece membrane valve in accordance with the present
invention. The membrane valve can be used in different suction valves for hermetic or semi-
hermetic compressors used in domestic or commercial refrigeration systems, including different
automotive or non-automotive air-conditioning units. As can be appreciated, the membrane
valve of the present invention can be used in many of applications.

[0066] As illustrated in the Figures, the membrane valve can have a variety of different
configurations. The configurations illustrated in the Figures only represent a few of the possible
configurations of the membrane valve of the present invention. The membrane valve 100
includes a body 200 and at least one reed or membrane 300. The body of the membrane valve is
generally made of a thin metallic plate of a certain material. As can be appreciated, the body
can be formed of other or additional materials. The size, shape, configuration and thickness of
the body are non-limiting. As illustrated in Figs. 1-7 and 11-13, the body has a generally square
or rectangular shape. As illustrated in Figs. 8-10, the body has a generally circular shape. The

body is illustrated as having a generally constant thickness; however, this is not required. The
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body generally includes one or more holes 210 that are used in conjunction with the valve
assembly on a compressor or other device. As can be appreciated, the one or more holes can be
used for a variety of functions. The number, size, shape, configuration and location of the one
or more holes in the body are non-limiting. As illustrated in Figs. 1-7 and 11-13, the body
includes four holes that are positioned near the each of the four corners of the body. The size
and shape of the openings are illustrated as being the same; however, this is not required. The
openings are illustrated as having a circular shape; however, other or additional shapes can be
used (e.g., oval, polygonal, star shaped, etc.). As illustrated in Figs. 8-10, the body includes a
single opening located at or near the center of the body. The opening is illustrated as having a
circular shape; however, other or additional shapes can be used (e.g., oval, polygonal, star
shaped, etc.).

[0067] The body also includes one or more reed openings 220. The number, size, shape,
configuration and location of the one or more reed openings in the body are non-limiting. As
illustrated in Figs. 1-7 and 11-13, the body includes a single reed opening. As illustrated in Figs.
8-10, the body includes six reed openings. One or more of the reed openings is designed to
receive a reed or membrane 300. As illustrated in Figs. 1-10, each of the reed openings includes
a single reed or membrane 300. As illustrated in Figs. 11-13, each of the reed openings includes
two reeds or membranes 300. As can be appreciated, more than two reeds or membranes can be
received in one or more of the reed openings. The outer edges of the body, the one or more
holes, and/or the one or more reed openings can be deburred and/or rounded; however, this is
not required.

[0068] One or more of the reed openings that are designed to receive a reed or membrane
include a compression fit arrangement that includes one or more recesses and/or connection
extensions. As illustrated in Figs. 1-13, the reed openings each include a plurality of connection
extensions 230. As can be appreciated, the reed opening can include a single connection
extension. As also can be appreciated, one or more reed openings can include one or more
recesses instead of one or more connection extensions. As also can be appreciated, one or more
reed openings can include both one or more recesses and one or more connection extensions.

The location of the one or more recesses and/or connection extensions in the reed opening is
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non-limiting. As illustrated in Figs. 1-10, the connection extensions in the reed opening are
positioned at one end of the reed opening. As illustrated in Figs. 11-13, the connection
extensions in the reed opening are positioned at two ends of the reed opening.

[0069] The size, shape and configuration of the connection extensions are non-limiting. As
illustrated in Figs. 1-13, the connection extensions are in the shape of a lollipop or standard light
bulb. The connection extensions have a neck that extends outwardly from the side of the reed
opening and which terminates into a circular-shaped end portion. The maximum cross-sectional
width of the end portion is greater than the thinnest width of the neck; however, this is not
required. The top and bottom surface of the connection extensions lie in the same plane as the
top and bottom surface of the body; however, this is not required. The edges 232 of the
connection extensions are typically rounded or tapered so as to facilitate in the insertion of the
connection extensions into the recesses 320 of the reeds or membranes; however, this is not
required.

[0070] As illustrated in Figs. 1-13, the rear portion 310 of each of the reeds or membranes
includes one or more recesses or slots 320. The size, shape and configuration of the recess is
similar or the same as the shape of the connection extensions. The edges 322 of the recess can
be rounded or tapered so as to facilitate in the insertion of the connection extensions 230 into the
recesses 320 of the reeds or membranes; however, this is not required.

[0071] As best illustrated in Fig. 1, the rear portion of the reed or membrane has a width that
is the same or similar to the width of the reed opening that is designed to receive the rear portion
of the reed or membrane. As illustrated in Figs. 2-13, once the reed or membrane is inserted into
the reed opening, the top and bottom surface of the reed or membrane lie in the same plane as
the top and bottom surface of the body. The compression fit between the reed or membrane and
body are unique in that the top and bottom surface of the point of connection between the body
and reed or membrane generally lies in the same plane as the top and bottom surface of the body
and the reed or membrane. As such, the top and bottom surface of the region about the recesses
and the top and bottom surface of the connection extensions lie in the same plane when the reed

or membrane is connected to the body.
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[0072] The longitudinal length of the rear portion of the reed or membrane is generally less
than 40% the longitudinal length of the reed or membrane, typically the rear portion of the reed
or membrane is generally less than 30% the longitudinal length of the reed or membrane, more
typically the rear portion of the reed or membrane is generally less than 25% the longitudinal
length of the reed or membrane, and still more typically the rear portion of the reed or membrane
is generally less than 20% the longitudinal length of the reed or membrane.

[0073] A majority of the outer edge 340 of the front portion 350 of the reed or membrane is
spaced from the edge of the reed opening to form a slot 330 between the body and the reed or
membrane. As illustrated in Figs. 2-13, the edge of the front portion of the reed or membrane is
spaced from the edge of the reed opening.

[0074] As illustrated in Figs. 1-2, two connection extensions 230 extend from each side of
the reed opening 220 and are inserted in two corresponding recesses 320 on the sides of the rear
portion of the reed or membrane 300. The two recesses on the reed or membrane are positioned
on opposite sides of the reed and membrane, are spaced the same distance from the rear edge of
the reed or membrane, and are the same size, configuration and shape. The shape of the
extension member that is to be inserted into a corresponding recess is the same shape of the
recess. The size of the extension member is slightly larger than the size of the recess so that the
extension member is caused to slightly deform when inserted into the recess. The insertion of
the extension member into the recess may also or alternatively cause the recess to slightly
deform; however, this is not required. The rear portion of the reed or membrane has a width
such that a majority or all of the outer edge of the rear portion contacts the edge of the reed
opening when the reed or membrane is connected to the body. As illustrated in Fig. 2, all of the
outer edge of the front portion of the reed or membrane is spaced from the edge of the reed
opening when the reed or membrane is connected to the body. The size and shape of the slot
330 is constant at about at least 90% of the outer edge of the front portion. The edge 232 of the
connection extensions 230 includes a rounded or tapered edge so as to facilitate in the insertion
of the connection extensions into the recesses of the reed or membrane. The transition between
the outer edge of the rear portion and the front portion is a tapered or angled portion; however,

this is not required. The reed or membrane is formed of a different material than the body.
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When the reed or membrane is connected to the body, the top and bottom surface of the reed or
membrane lie in the same plane as the top and bottom surface of the body.

[0075] As illustrated in Fig. 3, two connection extensions 230 extend from the rear of the
reed opening 220 and are inserted in two corresponding recesses 320 on the rear end of the rear
portion of the reed or membrane 300. The two recesses on the reed or membrane are spaced the
same distance from a side edge of the reed or membrane, and are the same size, configuration
and shape. The shape of the extension member that is to be inserted into a corresponding recess
is the same shape of the recess. The size of the extension member is slightly larger than the size
of the recess so that the extension member is caused to slightly deform when inserted into the
recess. The insertion of the extension member into the recess may also or alternatively cause the
recess to slightly deform; however, this is not required. The rear portion of the reed or
membrane has a width such that a majority or all of the outer edge of the rear portion contacts
the edge of the reed opening when the reed or membrane is connected to the body. As
illustrated in Fig. 3, all of the outer edge of the front portion of the reed or membrane is spaced
from the edge of the reed opening when the reed or membrane is connected to the body. The
size and shape of the slot 330 is constant at about at least 90% of the outer edge of the front
portion. The edge 232 of the connection extensions 230 includes a rounded or tapered edge so
as to facilitate in the insertion of the connection extensions into the recesses of the reed or
membrane. The transition between the outer edge of the rear portion and the front portion is a
tapered or angled portion; however, this is not required. The reed or membrane is formed of a
different material than the body. When the reed or membrane is connected to the body, the top
and bottom surface of the reed or membrane lie in the same plane as the top and bottom surface
of the body.

[0076] As illustrated in Fig. 4, two connection extensions 230 extend from each side of the
reed opening 220 and are inserted in two corresponding recesses 320 on the sides of the rear
portion of the reed or membrane 300, and two connection extensions 230 extend from the rear of
the reed opening 220 and are inserted in two corresponding recesses 320 on the rear end of the
rear portion of the reed or membrane 300. The two recesses on the side of the reed or membrane

are positioned on opposite sides of the reed and membrane, are spaced the same distance from
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the rear edge of the reed or membrane, and are the same size, configuration and shape. The
two recesses on the rear of the reed or membrane are spaced the same distance from a side edge
of the reed or membrane, and are the same size, configuration and shape. Each pair of recesses
located about a corner of the rear portion of the reed or membrane are spaced equal distances
from one another. All four recesses have the same size, configuration and shape. The shape of
the extension member that is to be inserted into a corresponding recess is the same shape of the
recess. The size of the extension member is slightly larger than the size of the recess so that the
extension member is caused to slightly deform when inserted into the recess. The insertion of
the extension member into the recess may also or alternatively cause the recess to slightly
deform; however, this is not required. The rear portion of the reed or membrane has a width
such that a majority or all of the outer edge of the rear portion contacts the edge of the reed
opening when the reed or membrane is connected to the body. As illustrated in Fig. 4, all of the
outer edges of the front portion of the reed or membrane is spaced from the edge of the reed
opening when the reed or membrane is connected to the body. The size and shape of the slot
330 is constant at about at least 90% of the outer edge of the front portion. The edge 232 of the
connection extensions 230 includes a rounded or tapered edge so as to facilitate in the insertion
of the connection extensions into the recesses of the reed or membrane. The transition between
the outer edge of the rear portion and the front portion is a tapered or angled portion; however,
this is not required. The reed or membrane is formed of a different material than the body.
When the reed or membrane is connected to the body, the top and bottom surface bf the reed or
membrane lie in the same plane as the top and bottom surface of the body.

[0077] As illustrated in Fig. 5, two connection extensions 230 extend from each side of the
reed opening 220 and are inserted in two corresponding recesses 320 on the sides of the rear
portion of the reed or membrane 300. The two recesses on the reed or membrane are positioned
on opposite sides of the reed and membrane, are spaced the same distance from the rear edge of
the reed or membrane, and are the same size, configuration and shape. The shape of the
extension member that is to be inserted into a corresponding recess is the same shape of the
recess. The size of the extension member is slightly larger than the size of the recess so that the

extension member is caused to slightly deform when inserted into the recess. The insertion of
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the extension member into the recess may also or alternatively cause the recess to slightly
deform; however, this is not required. The rear portion of the reed or membrane has a width
such that a majority or all of the outer edge of the rear portion contacts the edge of the reed
opening when the reed or membrane is connected to the body. As illustrated in Fig. 5, all of the
outer edge of the front portion of the reed or membrane is spaced from the edge of the reed
opening when the reed or membrane is connected to the body. The size and shape of the slot
330 is not constant about the outer edge of the front portion. The edge 232 of the connection
extensions 230 include a rounded or tapered edge so as to facilitate in the insertion of the
connection extensions into the recesses of the reed or membrane. The reed or membrane is
formed of a different material than the body. When the reed or membrane is connected to the
body, the top and bottom surface of the reed or membrane lie in the same plane as the top and
bottom surface of the body.

[0078] As illustrated in Fig. 6, two connection extensions 230 extend from the rear of the
reed opening 220 and are inserted in two corresponding recesses 320 on the rear end of the rear
portion of the reed or membrane 300. The two recesses on the reed or membrane are spaced the
same distance from a side edge of the reed or membrane, and are the same size, configuration
and shape. The shape of the extension member that is to be inserted into a corresponding recess
is the same shape of the recess. The size of the extension member is slightly larger than the size
of the recess so that the extension member is caused to slightly deform when inserted into the
recess. The insertion of the extension member into the recess may also or alternatively cause the
recess to slightly deform; however, this is not required. The rear portion of the reed or
membrane has a width such that a majority or all of the outer edge of the rear portion contacts
the edge of the reed opening when the reed or membrane is connected to the body. As
illustrated in Fig. 6, all of the outer edge of the front portion of the reed or membrane is spaced
from the edge of the reed opening when the reed or membrane is connected to the body. The
size and shape of the slot 330 is not constant about the outer edge of the front portion. The edge
232 of the connection extensions 230 includes a rounded or tapered edge so as to facilitate in the
insertion of the connection extensions into the recesses of the reed or membrane. The reed or

membrane is formed of a different material than the body. When the reed or membrane is
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connected to the body, the top and bottom surface of the reed or membrane lie in the same plane
as the top and bottom surface of the body. -

[0079] As illustrated in Fig. 7, two connection extensions 230 extend from each side of the
reed opening 220 and are inserted in two corresponding recesses 320 on the sides of the rear
portion of the reed or membrane 300, and two connection extensions 230 extend from the rear of
the reed opening 220 and are inserted in two corresponding recesses 320 on the rear end of the
rear portion of the reed or membrane 300. The two recesses on the side of the reed or membrane
are positioned on opposite sides of the reed and membrane, are spaced the same distance from
the rear edge of the reed or membrane, and are the same size, configuration and shape. The two
recesses on the rear of the reed or membrane are spaced the same distance from a side edge of
the reed or membrane, and are the same size, configuration and shape. Each pair of recesses
located about a corner of the rear portion of the reed or membrane are spaced equal distances
from one another. All four recesses have the same size, configuration and shape. The shape of
the extension member that is to be inserted into a corresponding recess is the same shape of the
recess. The size of the extension member is slightly larger than the size of the recess so that the
extension member is caused to slightly deform when inserted into the recess. The insertion of
the extension member into the recess may also or alternatively cause the recess to slightly
deform; however, this is not required. The rear portion of the reed or membrane has a width
such that a majority or all of the outer edge of the rear portion contacts the edge of the reed
opening when the reed or membrane is connected to the body. As illustrated in Fig. 7, all of the
outer edge of the front portion of the reed or membrane is spaced from the edge of the reed
opening when the reed or membrane is connected to the body. The size and shape of the slot
330 is not constant about the outer edge of the front portion. The edge 232 of the connection
extensions 230 includes a rounded or tapered edge so as to facilitate in the insertion of the
connection extensions into the recesses of the reed or membrane. The reed or membrane is
formed of a different material than the body. When the reed or membrane is connected to the
body, the top and bottom surface of the reed or membrane lie in the same plane as the top and

bottom surface of the body.
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[0080] As illustrated in Fig. 8, two connection extensions 230 extend from each side of the
reed opening 220 and are inserted in two corresponding recesses 320 on the sides of the rear
portion of each of the reeds or membranes 300. The two recesses on each of the reeds or
membranes are positioned on opposite sides of each of the reeds and membranes, are spaced the
same distance from the rear edge of each of the reeds or membranes, and are the same size,
configuration and shape. The shape of the extension member that is to be inserted into a
corresponding recess is the same shape of the recess. The size of the extension member is
slightly larger than the size of the recess so that the extension member is caused to slightly
deform when inserted into the recess. The insertion of the extension member into the recess
may also or alternatively cause the recess to slightly deform; however, this is not required. The
rear portion of each of the reeds or membranes has a width such that a majority or all of the
outer edge of the rear portion contacts the edge of the reed opening when each of the reeds or
membranes are connected to the body. As illustrated in Fig. 8, all of the outer edge of the front
portion of each of the reeds or membranes is spaced from the edge of the reed opening when
each of the reeds or membranes are connected to the body. The size and shape of the slot 330 is
not constant about the outer edge of the front portion. The edge 232 of the connection
extensions 230 includes a rounded or tapered edge so as to facilitate in the insertion of the
connection extensions into the recesses of each of the reeds or membranes. Each of the reeds or
membranes is formed of a different material than the body. When each of the reeds or
membranes are connected to the body, the top and bottom surface of each of the reeds or
membranes lie in the same plane as the top and bottom surface of the body.

[0081] As illustrated in Fig. 9, two connection extensions 230 extend from the rear of the
reed opening 220 and are inserted in two corresponding recesses 320 on the rear end of the rear
portion of each of the reeds or membranes 300. The two recesses on each of the reeds or
membranes are spaced the same distance from a side edge of the reed or membrane, and are the
same size, configuration and shape. The shape of the extension member that is to be inserted
into a corresponding recess is the same shape of the recess. The size of the extension member is
slightly larger than the size of the recess so that the extension member is caused to slightly

deform when inserted into the recess. The insertion of the extension member into the recess
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may also or alternatively cause the recess to slightly deform; however, this is not required. The
rear portion of each of the reeds or membranes has a width such that a majority or all of the
outer edge of the rear portion contacts the edge of the reed opening when each of the reeds or
membranes are connected to the body. As illustrated in Fig. 9, all of the outer edge of the front
portion of each of the reeds or membranes is spaced from the edge of the reed opening when
each of the reeds or membranes are connected to the body. The size and shape of the slot 330 is
not constant about the outer edge of the front portion. The edge 232 of the connection
extensions 230 includes a rounded or tapered edge so as to facilitate in the insertion of the
connection extensions into the recesses of each of the reeds or membranes. Each of the reeds or
membranes is formed of a different material than the body. When each of the reeds or
membranes are connected to the body, the top and bottom surface of each of the reeds or
membranes lie in the same plane as the top and bottom surface of the body.

[0082] As illustrated in Fig. 10, two connection extensions 230 extend from each side of the
reed opening 220 and are inserted in two corresponding recesses 320 on the sides of the rear
portion of each of the reeds or membranes 300, and two connection extensions 230 extend from
the rear of the reed opening 220 and are inserted in two corresponding recesses 320 on the rear
end of the rear portion of each of the reeds or membranes 300. The two recesses on the side of
each of the reeds or membranes are positioned on opposite sides of each of the reeds and
membranes, are spaced the same distance from the rear edge of each of the reeds or membranes,
and are the same size, configuration and shape. The two recesses on the rear of each of the reeds
or membranes are spaced the same distance from a side edge of each of the reeds or membranes,
and are the same size, configuration and shape. Each pair of recesses located about a corner of
the rear portion of each of the reeds or membranes are spaced equal distances from one another.
All four recesses have the same size, configuration and shape. The shape of the extension
member that is to be inserted into a corresponding recess is the same shape of the recess. The
size of the extension member is slightly larger than the size of the recess so that the extension
member is caused to slightly deform when inserted into the recess. The insertion of the
extension member into the recess may also or alternatively cause the recess to slightly deform;

however, this is not required. The rear portion of each of the reeds or membranes have a width
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such that a majority or all of the outer edge of the rear portion contacts the edge of the reed
opening when each of the reeds or membranes are connected to the body. As illustrated in Fig.
10, all of the outer edge of the front portion of each of the reed or membranes is spaced from the
edge of the reed opening when each of the reeds or membranes are connected to the body. The
size and shape of the slot 330 is not constant about the outer edge of the front portion. The edge
232 of the connection extensions 230 includes a rounded or tapered edge so as to facilitate in the
insertion of the connection extensions into the recesses of each of the reeds or membranes. Each
of the reeds or membranes is formed of a different material than the body. When each of the
reeds or membranes are connected to the body, the top and bottom surface of each of the reeds
or membranes lie in the same plane as the top and bottom surface of the body.

[0083] As illustrated in Fig. 11, two connection extensions 230 extend from each side of the
reed opening 220 and are inserted in two corresponding recesses 320 on the sides of the rear
portion of each of the reeds or membranes 300. The two recesses on each of the reeds or
membranes are positioned on opposite sides of each of the reeds and membranes, are spaced the
same distance from the rear edge of each of the reeds or membranes, and are the same size,
configuration and shape. The shape of the extension member that is to be inserted into a
corresponding recess is the same shape of the recess. The size of the extension member is
slightly larger than the size of the recess so that the extension member is caused to slightly
deform when inserted into the recess. The insertion of the extension member into the recess
may also or alternatively cause the recess to slightly deform; however, this is not required. The
rear portion of each of the reeds or membranes has a width such that a majority or all of the
outer edge of the rear portion contacts the edge of the reed opening when each of the reeds or
membranes are connected to the body. As illustrated in Fig. 11, a single reed opening in the
body is configured to receive two reeds or membranes. The two reeds or membranes are
oriented in opposite directions from one another; however, this is not required. The longitudinal
axis of the two reeds is parallel to one another; however, this is not required. The side edge of
the reeds or membranes that are positioned adjacent to one another are spaced from one another.
The spacing is illustrated as being constant; however, this is not required. As illustrated in Fig.

11, all of the outer edge of the front portion of each of the reeds or membranes is spaced from
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the edge of the reed opening when each of the reeds or membranes are connected to the body.
The size and shape of the slot 330 is constant at about at least 70% of the outer edge of the front
portion. The edge 232 of the connection extensions 230 includes a rounded or tapered edge so
as to facilitate in the insertion of the connection extensions into the recesses of each of the reeds
or membranes. The transition between the outer edge of the rear portion and the front portion is
a tapered or angled portion; however, this is not required. Each of the reeds or membranes is
formed of a different material than the body. When each of the reeds or membranes are
connected to the body, the top and bottom surface of each of the reeds or membranes lie in the
same plane as the top and bottom surface of the body.

[0084] As illustrated in Fig. 12, two connection extensions 230 extend from the rear of the
reed opening 220 and are inserted in two corresponding recesses 320 on the rear end of the rear
portion of each of the reeds or membranes 300. The two recesses on each of the reeds or
membranes are spaced the same distance from a side edge of the reed or membrane, and are the
same size, configuration and shape. The shape of the extension member that is to be inserted
into a corresponding recess is the same shape of the recess. The size of the extension member is
slightly larger than the size of the recess so that the extension member is caused to slightly
deform when inserted into the recess. The insertion of the extension member into the recess
may also or alternatively cause the recess to slightly deform; however, this is not required. The
rear portion of each of the reeds or membranes has a width such that a majority or all of the
outer edge of the rear portion contacts the edge of the reed opening when each of the reeds or
membranes are connected to the body. As illustrated in Fig. 12, a single reed opening in the
body is configured to receive two reeds or membranes. The two reeds or membranes are
oriented in opposite directions from one another; however, this is not required. The longitudinal
axis of the two reeds is parallel to one another; however, this is not required. The side edge of
the reeds or membranes that are positioned adjacent to one another is spaced from one another.
The spacing is illustrated as being constant; however, this is not required. As illustrated in Fig.
11, all of the outer edge of the front portion of each of the reeds or membranes are spaced from
the edge of the reed opening when each of the reeds or membranes are connected to the body.

The size and shape of the slot 330 is constant at about at least 70% of the outer edge of the front
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portion. The edge 232 of the connection extensions 230 includes a rounded or tapered edge so
as to facilitate in the insertion of the connection extensions into the recesses of each of the reeds
or membranes. The transition between the outer edge of the rear portion and the front portion is
a tapered or angled portion; however, this is not required. Each of the reeds or membranes is
formed of a different material than the body. When each of the reeds or membranes are
connected to the body, the top and bottom surface of each of the reeds or membranes lie in the
same plane as the top and bottom surface of the body.

[0085] As illustrated in Fig. 13, two connection extensions 230 extend from each side of the
reed opening 220 and are inserted in two corresponding recesses 320 on the sides of the rear
portion of each of the reeds or membranes 300, and two connection extensions 230 extend from
the rear of the reed opening 220 and are inserted in two corresponding recesses 320 on the rear
end of the rear portion of each of the reeds or membranes 300. The two recesses on the side of
each of the reeds or membranes are positioned on opposite sides of each of the reeds and
membranes, are spaced the same distance from the rear edge of each of the reeds or membranes,
and are the same size, configuration and shape. The two recesses on the rear of each of the reeds
or membranes are spaced the same distance from a side edge of each of the reeds or membranes,
and are the same size, configuration and shape. Each pair of recesses located about a corner of
the rear portion of each of the reeds or membranes are spaced equal distances from one another.
All four recesses have the same size, configuration and shape. The shape of the extension
member that is to be inserted into a corresponding recess is the same shape of the recess. The
size of the extension member is slightly larger than the size of the recess so that the extension
member is caused to slightly deform when inserted into the recess. The insertion of the
extension member into the recess may also or alternatively cause the recess to slightly deform;
however, this is not required. The rear portion of each of the reeds or membranes has a width
such that a majority or all of the outer edge of the rear portion contacts the edge of the reed
opening when each of the reeds or membranes are connected to the body. As illustrated in Fig.
13, a single reed opening in the body is configured to receive two reeds or membranes. The two
reeds or membranes are oriented in opposite directions from one another; however, this is not

required. The longitudinal axis of the two reeds is parallel to one another; however, this is not
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required. The side edge of the reeds or membranes that are positioned adjacent to one another is
spaced from one another. The spacing is illustrated as being constant; however, this is not
required. As illustrated in Fig. 11, all of the outer edge of the front portion of each of the reeds
or membranes are spaced from the edge of the reed opening when each of the reeds or
membranes are connected to the body. The size and shape of the slot 330 is constant at about at
least 70% of the outer edge of the front portion. The edge 232 of the connection extensions 230
includes a rounded or tapered edge so as to facilitate in the insertion of the connection
extensions into the recesses of each of the reeds or membranes. The transition between the outer
edge of the rear portion and the front portion is a tapered or angled portion; however, this is not
required. Each of the reeds or membranes is formed of a different material than the body.
When each of the reeds or membranes are connected to the body, the top and bottom surface of
each of the reeds or membranes lie in the same plane as the top and bottom surface of the body.
[0086] The manufacturing process of the membrane valve generally includes one or more of
the following steps:

a. provide a body 200, with at least one hole 210 that is used as an opening for the
lodging of the escape valve and/or to guide the assemblage and fix the assembly to a determined
device (e.g., compressor, etc.), and with at least one reed opening 220, when reed opening is

spaced from the outer edge of the body;

b. provide a body or membrane 300 which is designed to be connected in the reed
opening;

& optionally provide the softening of the edges of the reed or membrane in order to
integrally round them;

d. insert the reed or membrane into the reed opening; and,

e. permanently and irreversibly joining the body 200 to the reed or membrane 300

by use of a compression fit arrangement wherein an extension member is inserted into a recess to
form a compression fit.

[0087] It will thus be seen that the objects set forth above, among those made apparent from
the preceding description, are efficiently attained, and since certain changes may be made in the

constructions set forth without departing from the spirit and scope of the invention, it is intended
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that all matter contained in the above description and shown in the accompanying drawings shall
be interpreted as illustrative and not in a limiting sense. The invention has been described with
reference to preferred and alternate embodiments. Modifications and alterations will become
apparent to those skilled in the art upon reading and understanding the detailed discussion of the
invention provided herein. This invention is intended to include all such modifications and
alterations insofar as they come within the scope of the present invention. It is also to be
understood that the following claims are intended to cover all of the generic and specific features
of the invention herein described and all statements of the scope of the invention, which, as a

matter of language, might be said to fall therebetween.
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CLAIMS

1. A method for manufacturing a membrane valve comprising the steps of:

a. forming a planar body with a reed opening, said planar body including a plurality
of extension members that each extend into said reed opening;

b. forming a planar membrane, said planar membrane having a front portion and a
rear portion, said rear portion including a back end, a first side and a second side, said rear
portion including a plurality of recesses, each of said recesses including an opening located at a
perimeter of said rear portion, a width of said opening is less than a maximum width of said
recess, said rear portion having a) first and second recesses located on said back end and spaced
from said first and second sides, b) a first recess positioned on said first side and spaced from
said back end, and a second recess positioned on said second side and spaced from said back
end, and c) a combination of a) and b); and,

c. compressing said planar membrane to said planar body such that each of said
extension members are connected by a connection arrangement to one of said recesses to secure
said planar membrane to said planar body in said reed opening such that the planar membrane is
in coplanar relationship with said planar body, said connection arrangement between said body
and same membrane is a compression fit wherein each of said extension members is compressed
into one of said recesses wherein said each of said extension members, said recesses, or

combinations thereof deforms when said extension members are inserted into said recesses.

2. The method as defined in claim 1, wherein said compression fit is absent a weld,

solder, braze, adhesive, or binding agent.

3. The method as defined in claim 1, wherein said body is formed of a different

material than said membrane.

4. The method as defined in claim 3, wherein said body is formed of a different

material than said membrane.
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5. The method as defined in claim 4, wherein said body is formed of low or medium

carbon or stainless material.

6. The method as defined in claim 5, wherein said body is formed of low or medium

carbon or stainless material.

7. The method as defined in claim 1, further including the step of rounding said

peripheral edge of said membrane.

8. The method as defined in claim 7, further including the step of rounding said

peripheral edge of said membrane.

0. A method for manufacturing a membrane valve comprising the steps of:

a. forming a planar body with a reed opening, said planar body including a plurality
of extension members that each extend into said reed opening;

b. forming a planar membrane, said planar membrane having a front portion and a
rear portion, said rear portion including a back end, a first side and a second side, said rear
portion including a plurality of recesses, each of said recesses including an opening located at a
perimeter of said rear portion, a width of said opening is less than a maximum width of said
recess, said rear portion having a) first and second recesses located on said back end and spaced
from said first and second sides, b) a first recess positioned on said first side and spaced from
said back end, and a second recess positioned on said second side and spaced from said back
end, and c) a combination of a) and b); and,

c. compressing said planar membrane to said planar body such that each of said
extension members are connected by a compression fit connection arrangement to one of said
recesses to secure said planar membrane to said planar body in said reed opening such that the
planar membrane is in coplanar relationship with said planar body, a top surface of said body lies
in a same plane as a top surface of said membrane when said membrane is connected to said
body, a bottom surface of said body lies in a same plane as a bottom surface of said membrane
when said membrane is connected to said body, a top surface of a region of said compression fit

connection arrangement lies in a same plane as said top surface of said membrane and body
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when said membrane is connected to said body, a bottom surface of said region of said
compression fit connection arrangement lies in a same plane as said top surface of said

membrane and body when said membrane is connected to said body.

10.  The method as defined in claim 9, wherein a top surface of said body lies in a
same plane as a top surface of said membrane when said membrane is connected to said body, a
bottom surface of said body lies in a same plane as a bottom surface of said membrane when said
membrane is connected to said body, a top surface of said region of said compression fit lies in a
same plane as said top surface of said membrane and body when said membrane is connected to
said body, a bottom surface of said region of said compression fit lies in a same plane as said top

surface of said membrane and body when said membrane is connected to said body.

11. A method for manufacturing a membrane valve comprising the steps of:

a. forming a planar body with a reed opening, said planar body including a plurality
of extension members that each extend into said reed opening;

b. forming a planar membrane, said planar membrane having a front portion and a
rear portion, said rear portion including a back end, a first side and a second side, said rear
portion including a plurality of recesses, each of said recesses including an opening located at a
perimeter of said rear portion, a width of said opening is less than a maximum width of said
recess, said rear portion having a) first and second recesses located on said back end and spaced
from said first and second sides, b) a first recess positioned on said first side and spaced from
said back end, and a second recess positioned on said second side and spaced from said back
end, and c) a combination of a) and b), said planar body is formed of a different material than
said planar membrane; and,

c. compressing said planar membrane to said planar body such that each of said
extension members are connected to one of said recesses to secure said planar membrane to said
planar body in said reed opening by use of a compression fit connection such that said planar
membrane is in coplanar relationship with said planar body, each of said extension members
configured to friction fit in a corresponding recess to secure said planar membrane to said planar
body, said connection between each of said extension members and said recesses is absent a

weld, solder, braze, adhesive, or binding agent.
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12. The method as defined in claim 11, wherein said compression fit connection
causes each of said extension members, said recesses, or combinations thereof to deform when

each of said extension members is inserted into each of said recesses.

13. The method as defined in claim 11, wherein a top surface of said planar body lies
in a same plane as a top surface of said planar membrane when said planar membrane is
connected to said planar body, a bottom surface of said planar body lies in a same plane as a
bottom surface of said planar membrane when said planar membrane is connected to said planar
body, a top surface of each of said extension members lies in a same plane as said top surface of
said planar membrane when said planar membrane is connected to said planar body, a bottom
surface of each of said extension members lies in a same plane as said top surface of said planar

membrane when said planar membrane is connected to said planar body.

14. The method as defined in claim 12, wherein a top surface of said planar body lies
in a same plane as a top surface of said planar membrane when said planar membrane is
connected to said planar body, a bottom surface of said planar body lies in a same plane as a
bottom surface of said planar membrane when said planar membrane is connected to said planar
body, a top surface of each of said extension members lies in a same plane as said top surface of
said planar membrane when said planar membrane is connected to said planar body, a bottom
surface of each of said extension members lies in a same plane as said top surface of said planar

membrane when said planar membrane is connected to said planar body.

15. The method as defined in claim 11, wherein said first side of said rear portion of
said planar membrane includes said first recess, said second side of said rear portion of said
planar membrane includes said second recess, a distance of said first recess from said back end is
equal to a distance of said second recess from said back end, said first and second recesses

having a same shape and size.

16. The method as defined in claim 14, wherein said first side of said rear portion of

said planar membrane includes said first recess, said second side of said rear portion of said
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planar membrane includes said second recess, a distance of said first recess from said back end is
equal to a distance of said second recess from said back end, said first and second recesses

having a same shape and size.

17. The method as defined in claim 11, wherein said back end of said rear portion of
said planar membrane includes said first and second recesses, a distance of said first recess from
said first side equal to a distance of said second recess from said second side, said first and

second recesses having a same shape and size.

18. The method as defined in claim 16, wherein said back end of said rear portion of
said planar membrane includes said first and second recesses, a distance of said first recess from
said first side equal to a distance of said second recess from said second side, said first and

second recesses having a same shape and size.

19. The method as defined in claim 17, wherein said first side of said rear portion of
said planar membrane includes a third recess, said second side of said rear portion of said planar
membrane includes a fourth recess, a distance of said third recess from said back end is equal to
a distance of said fourth recess from said back end, said third and fourth recesses having a same

shape and size.

20. The method as defined in claim 18, wherein said first side of said rear portion of
said planar membrane includes a third recess, said second side of said rear portion of said planar
membrane includes a fourth recess, a distance of said third recess from said back end is equal to
a distance of said fourth recess from said back end, said third and fourth recesses having a same

shape and size.

21.  The method as defined in claim 11, further including the step of rounding a front

region of said peripheral edge of said planar membrane.

22. The method as defined in claim 20, further including the step of rounding a front

region of said peripheral edge of said planar membrane.
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