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(57) Abstract: A gasket retainer that is absent sharp corners, has apertures of reasonable dimensional tolerance, and may be conveni-
ently made by a variety of manufacturing processes. The retainer is made from thin flat springy material that readily returns to form
after slight bending. Representative gasket capturing apertures are of smoothly non-convex outline with major dimension sufficiently
large to allow passage of a ring shaped gasket turned on edge and minor dimension sufficiently small to engage, on approximately
opposite circular segments that each engage along less than one third of a gasket circumference, a cavity or groove on the outside
diameter periphery of the gasket turned flat parallel to the retainer material sheet. Fasteners may be retained by similar apertures.
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GASKET RETAINER FOR SURFACE MOUNT FLUID COMPONENT

Background of the Invention

Implementation of removable fluid pathway joints using gaskets is well
known. Early examples include the connection of pipe segments described in the
1920’s work of the American Standards Association (ASA B16e-1932) which
has been updated and expanded over many years to the present American Society
of Mechanical Engineers standard for Pipe Flanges and Flanged Fittings (ASME
B16.5-2009). In some situations it is desired to have a subassembly comprising a
gasket positioned by a locating part to ensure correct assembly of the joint. U.S.
Pat. No. 3,857,572 issued to Taylor and Halling discloses one such example and
U.S. Pat. No. 6,409,180 issued to Spence and Felber discloses a more recent
example.

Representative fluid delivery apparatus are found, for example, among
industrial equipment producing fine chemicals, petroleum products, or
semiconductors, and may be subjected to vacuum, or pressure, or purity
requirements, and combinations thereof. Fluid pathways among elements
intended for manipulating process materials within semiconductor manufacturing
equipment usually require attention to maintaining high purity of the delivered
reactants 4and also typically have a much smaller cross-section than fluid
pathways used in petrochemical plants, for example. Fluid delivery systems for
semiconductor manufacturing equipment typically use surface mount components
removably attached to substrates containing fluid pathways. The interface
between each component and substrate is generally planar with fluid conduit
ports having structural details dependent upon the specific seal design. Example
systems are disclosed in U.S. Pat. No. 6,068,016 issued to Manofsky and Fittro,
and also U.S. Pat. No. 5,992,463 and U.S. Pat. No. 6,394,138, both issued to the
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present inventor Kim Ngoc Vu, et al.

A known fluid pathway joint (familiarly called the C-seal joint type) uses
a ring-shaped metallic gasket of complex shape compressed between opposing
apparatus elements wherein the face of at least one element has a circular
counterbore depression to receive the gasket. In some implementations a
separate retainer is provided for holding and centering the gasket during joint
assembly whereby the retainer engages a cavity or groove on the periphery of the
gasket. The retainer illustrated in the previously mentioned Manofsky-<016
system example may be seen individually in U.S. Pat. No. 5,713,582, issued to
Swensen, et al. Another counterbore gasket with separate retainer is disclosed in
U.S. Pat. No. 5,797,604 issued to Inagaki, et al, and that retainer may be seen
individually in U.S. Pat. No. 5,984,318 issued to Kojima and Aoyama. Yet
another counterbore gasket with separate retainer is disclosed in U.S. Pat. No.
5,771,919 issued to Itoi, et al. An additional separate retainer for C-seal type
joints is disclosed in U.S. Pat. No. 6,845,984 issued to Doyle, another retainer is
disclosed in U.S. Pat. No. 6,945,539 issued to Whitlow, et al, and yet another
retainer commercially available from Microflex Technologies (Anaheim, CA;
www.microflexseals.com) is illustrated in Fig. 4 of this application.

The foregoing retainer designs use thin flat sheet metal as the basic
material of construction and engage a cavity or groove on the outside diameter
periphery of a gasket. A related but nonmetallic retainer is disclosed in U.S. Pat.
No. 5,730,448 issued to Swensen, et al, wherein a circumferential recess of the
gasket is engaged by a resilient element. U.S. Pat. No. 7,126,094, issued to
Bower and Chase, discloses a flat heater comprised of metallic resistance
material and insulating plastic together forming a structure which may
simultaneously serve as a retainer for C-seal gaskets. U.S. Pat. No. 6,474,700,
issued to the present inventor Kim Ngoc Vu, et al, discloses a retainer that
overlaps peripheral projections of a Z-seal gasket (one known variant of a gasket

shearing type of seal arrangement) instead of engaging the circumferential groove
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of a C-seal gasket.

Illustrated in Fig.4 is a plan view of a prior art retainer design 400
commercially available from Microflex Technologies of Anaheim, California, for
use with a two-port surface mount K18 style fluid delivery component. The prior
art retainer 400 is made from a thin flat square member 410 of stainless steel
sheet metal having two circular gasket-capturing apertures 440, 444 for use with
known C-seal gaskets (not shown), and four fastener apertures 431, 432, 437, 438
in locations corresponding to the corner mounting holes of a fluid delivery
component of square shape approximately 1.115-inch by 1.115-inch. Each
gasket-capturing aperture 440, 444 has two cantilevered projections (a total of
four projections in the case of a two-gasket retainer as illustrated) 450, 460, 454,
464 appearing similar to triangular points. Each generally triangular projection is
formed by a straight slot, intersecting tangentially to the perimeter of each gasket-
capturing aperture, defining one side and an intersected arc segment forming
another side, and each triangle base being contiguous with the remainder of the
square member 410. An intervening web of material 480 makes one gasket-
capturing aperture 440 distinct from the other aperture 444. Each fastener
aperture 431, 432, 437, 438 has three cantilevered tabs intended to engage
external threads passing through. Designers should thus appreciate that the prior
art retainer 400 has many small sharp locally convex features prone to snagging
during handling.

The retainers illustrated in Swensen-‘582, Doyle-‘984 , the Microflex
Technologies item as Fig. 4 herein, and Swensen-‘448, all use cantilevered
portions of the retainer to engage a cavity or groove on the outside diameter
periphery of each of one or more C-seal type gaskets. The cantilevered portions
of such retainers have several relatively sharp projecting corners, are
consequently delicate and prone to handling damage, and require manufacturing
processes capable of forming thin arms or narrow slots. Additionally, the retainer

illustrated in Whitlow-°539 has relatively sharp corners at its “interference
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region” and needs close dimensional tolerances to correctly hold a gasket by

engaging a peripheral groove.

Summary of the Invention

The present invention is related to a retainer for positioning one or more
gaskets in a plane to effect the leak-free joining of conduit ports comprising one
or more fluid pathways. The retainer is a flexible generally flat sheet having
specially shaped apertures which removably capture one or more circular gaskets
to be held in relative alignment during fluid pathway joint assembly. The
invention is particularly suited for, but not limited to, use with high purity fluid
handling components attached to substrates in a surface mount fluid delivery
system using a plurality of fasteners.

In consideration of the foregoing problems identified in the background
portion of this specification, the inventor has developed a gasket retainer that is
absent sharp corners, has apertures of reasonable dimensional tolerance, and may
be conveniently made by a variety of manufacturing processes. The retainer is
made from thin flat springy material that readily returns to form after slight
bending and therefore can be metallic or of alternate materials as desired.
Embodiments of the inventive gasket retainer comprise one or more gasket-
capturing apertures and two or more fastener apertures. Each gasket capturing
aperture engages a cavity or groove on the outside diameter periphery of each
respective gasket on opposing circular segments that each engage along less than
one third of a gasket circumference.

One retainer embodiment provides a smoothly concave oblong gasket-
capturing aperture of oval outline, with a major diameter sufficiently large to
allow passage of a C-seal type gasket turned on edge and a minor diameter
sufficiently small to engage a cavity or groove on the outside diameter periphery

of the C-seal type gasket when turned flat and parallel to the retainer material
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sheet. In another embodiment the oval aperture outline corresponds
mathematically to an elliptical shape. Apertures of these types have two-fold
rotational symmetry being identical both when reflected left to right and also
when reflected top to bottom.

Yet another retainer embodiment provides an oblong gasket-capturing
aperture with periphery having at least one substantially straight portion, yet also
absent any convexity, and having major dimension sufficiently large to allow
passage of a C-seal type gasket turned on edge and minor dimension sufficiently
small to engage a cavity or groove on the outside diameter periphery of the C-seal
type gasket when turned flat and parallel to the retainer material sheet. In another
embodiment the oblong gasket-capturing aperture periphery has at least one
portion with curvature substantially less than an opposite located portion.
Apertures of these D-shaped types lack rotational symmetry and are identical
only when reflected left to right (or top to bottom, depending upon nominal
orientation, but not both simultaneously).

Yet another retainer embodiment provides a gasket-capturing aperture
with smoothly non-convex outline wherein three identically shaped periphery
portions may be substantially straight or have relatively large curvature.
Apertures with three substantially straight portions appear as an equilateral
triangle with convenient radii in place of the corresponding vertices. Apertures
with three portions of relatively large curvature appear as a Reuleaux triangle,
with convenient radii in place of the corresponding vertices, similar to the tri-oval
form of motor vehicle racing course. Apertures of these triangular-shaped types
have 3-fold rotational symmetry and are identical only when reflected left to right
(or top to bottom, depending upon nominal orientation, but not both
simultaneously) through a line bisecting a vertex and opposite base portion. The
radii in place of the corresponding triangle vertices are chosen to be small enough
to create a sufficiently clear opening to allow passage of a C-seal type gasket

turned on edge along each of the identically shaped aperture periphery portions.
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Each non-convex gasket-capturing aperture in a retainer may be forced to
admit a gasket placed coplanar by elastically bending the springy retainer
material temporarily. A typical prdcess for inserting a gasket into a retainer
gasket-capturing aperture involves steps of engaging the aperture smaller
dimension internal edge into the full depth of the gasket peripheral groove,
flexing the retainer material in three dimensions, thereby bringing the aperture
larger dimension extremes toward each other while simultaneously distending the
opposite smaller dimension internal edge of the aperture to clear the external
diameter of the gasket. Then, the gasket is brought to a position coplanar with
the retainer portion already engaged in the gasket peripheral groove, and the
flexure of the retainer is released to thereby allow the opposite smaller dimension
internal edge of the gasket-capturing aperture to also engage the gasket peripheral
groove.

In many circumstances it is useful to have fastener apertures in a gasket
retainer designed to engage a threaded portion of fasteners intended to effect the
joint between mating conduit ports. Such engagement between retainer and
thread generally will hold together as an interim subassembly the retainer,
fasteners, one or more gaskets, and a component having one of the mating
conduit ports, thus making easier the fluid pathway joining process. One retainer
embodiment provides an oblong fastener aperture with a periphery lacking any
convexity and having a major dimension sufficiently large to allow passage of the
outside diameter of the fastener threaded portion, and a minor dimension
sufficiently small to engage the fastener thread groove without binding. Any
non-convex aperture shape suited to a gasket-capturing aperture may also be used
for a fastener aperture after appropriate dimensional scaling. Thus, a fastener
aperture may be an oval, an ellipse, D-shaped, triangular or tri-oval, for example,
and any combinations of the foregoing. A typical process for engaging an
externally threaded (male) fastener portion with a fastener aperture involves

rotating the fastener along the thread axis allowing it to mesh with the fastener
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aperture minor dimension as if it were a mating (female) internal thread.

In one aspect of the invention, there is provided a gasket retainer for use
in a fluid delivery system, which comprises a base member formed of a
substantially flat sheet of material and a gasket-capturing aperture disposed in
said base member. Advantageously, the gasket-capturing aperture has an oval
periphery along at least a portion thereof, with a major diameter sufficiently large
to allow passage of a circular element therethrough and a minor diameter
sufficiently small to engage a cavity, groove, or thread on the outside diameter of
said circular element. Preferably, at least two fastener apertures are disposed on
opposing sides of the gasket-capturing aperture. The oval periphery, in certain
embodiments, is smoothly concave and corresponds mathematically to an
elliptical shape.

Advantageously, the ellipse major axis dimension is at least about 1.15
times (115%) the minor axis dimension, and preferably approximately 1.25 times
(125%) the minor axis dimension. |

The base member is preferably comprised 0f stainless steel, and has a
length and a width, and each of the major and minor diameters of the gasket-
capturing aperture are rotated approximately 15 degrees with respect to
corresponding ones of the length and width of the base member.

In one particular embodiment, the gasket-capturing aperture is D-shaped,
and comprises approximately one-half of a larger ellipse which is truncated along
the minor diameter by a straight portion blended into corner curves at opposing
ends of the straight portion.

In some embodiments, the periphery of the gasket-capturing aperture is
non-convex.

In another aspect of the invention, there is provided a gasket retainer for
use in a fluid delivery system, which comprises a base member formed of a
substantially flat sheet of material, and a gasket-capturing aperture having a

smoothly non-convex periphery, which does not have a continuously changing
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curvature. The periphery is defined by three substantially identically shaped
periphery portions and three curved radii joining opposing ends of each of the
three substantially identically shaped periphery portions, so that the aperture is
substantially triangular in appearance. The aperture defines a sufficiently sized
opening to allow passage of a circular element therethrough between each of the
substantially identically shaped periphery portions and opposing aperture
periphery radii, while simultaneously maintaining sufficiently small clearance
between adjacent pairs of the identically large curvature periphery portions to
engage a cavity, groove, or thread on the outside diameter of that circular
element.

Preferably, the gasket retainer further comprises at least two fastener
apertures disposed on opposing sides of the gasket-capturing aperture. In some
embodiments, the three substantially identically shaped periphery portions have a
relatively large curvature which appear substantially straight. The non-convex
aperture, in certain embodiments, appears as a Reuleaux triangle or tri-oval
shape.

The invention, together with additional features and advantages thereof,
may be best understood by reference to the following description taken in
conjunction with the accompanying illustrative drawings. In these accompanying

drawings, like reference numerals designate like parts throughout the figures.

Brief Description of the Drawings

Fig. 1A is a perspective view of a representative retainer with gasket

inserted;

Fig. 1B is a plan view of the representative retainer illustrated in Fig. 1A

without gasket;
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Fig. 1C is a detail view of the gasket-capturing aperture illustrated in Fig.
1B;

Fig. 1D is a cross-section through the gasket-capturing aperture minor

axis with gasket inserted as in Fig. 1A;

Fig. 1E is a cross-section through the gasket-capturing aperture major axis

with gasket inserted as in Fig. 1A;

Fig. 1F is a perspective view illustrating a process for assembling the

representative retainer illustrated in Fig. 1 with a known C-seal gasket;

Fig. 2A is a detail view of a fastener aperture illustrated in Fig. 1B;

Fig. 2B is a detail view of another fastener aperture illustrated in Fig. 1B;

Fig. 2C is a perspective view of the representative retainer illustrated in

Fig.1A with gasket and fasteners (but fluid pathway elements are left out for
clarity);

Fig. 2D is a cross-section detail through one fastener aperture illustrated

in Fig. 2C;

Fig. 2E is a cross-section detail through another fastener aperture

illustrated in Fig. 2C;

Fig. 3 is a perspective view of a retainer with a D-shaped gasket-capturing

aperture;
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Fig. 4 is a perspective view of a commercially available prior art retainer;

Fig. 5 is a plan view of a retainer for a two-port surface mount fluid

delivery component;

Fig. 6 is a plan view of a retainer for a three-port surface mount fluid

delivery component;

Fig. 7A is a perspective view of a retainer with a triangular gasket-

capturing aperture; and

Fig. 7B is a perspective view of a retainer with a tri-oval gasket-capturing

aperture;

Detailed Description of the Invention

Referring now more particularly to the drawing figures, wherein like
reference numerals designate identical or corresponding parts throughout the
several views and efnbodiments, there is shown in Fig. 1 A a perspective view of
an inventive embodiment of a gasket retainer with a removably captured C-seal
type gasket. The gasket retainer 100 is made from a thin flat rectangular piece of
sheet material or member 10. The retainer 100 includes an oblong gasket-
capturing aperture 50 with a C-seal gasket 90, of known construction, removably
retained therein. A pair of fastener apertures 31, 32 are disposed adjacent
diametrically opposite sides of the gasket. Representative dimensions of the thin
flat rectangular member 10 and relative locations of the apertures 31, 32, and 50
are illustrated in Figs.1B, 1C, 2A, and 2B for the design of a retainer 100
intended for use with semiconductor equipment fluid delivery systems. Other

applications may require systems having different dimensions. In such fluid
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systems the sheet material is typically 0.0030(+/-0.0002)-inch thick full hard 300-
series stainless steel, but other constructions such a plastic or heater composites
are also feasible. The rectangular retainer 100 may be approximately 0.510-inch
by 1.115-inch, as might be suitable for use with a two-bolt flange connection in a
K18 surface mount system. Again, dimensions may vary considerably within the
scope of the present invention. Apertures may be cut in the thin flat full hard
300-series stainless steel by chemical etching, fine blanking, laser cutting, and
similar common manufacturing processes.

The representative oblong gasket-capturing aperture 50 as illustrated in
Fig. 1C has a smoothly concave shape of oval outline with a major diameter 60
sufficiently large to allow passage of a C-seal type gasket turned on edge and a
minor diameter 40 sufficiently small to engage a caVity or groove on the outside
diameter periphery of the C-seal type gasket turned flat and parallel to the
retainer material sheet 10. The inventor has discovered that an aperture with a
larger dimension of 0.340-inch and a smaller dimension of 0.272-inch provide a
gasket-capturing aperture 50 that functions well in the instance of the known C-
seal gasket 90. A true mathematical ellipse may conveniently describe the
gasket-capturing aperture 50 when computer aided design (CAD) methods are
used. An ellipse with major axis sized at least 1.15 times the minor axis
dimension, and preferably approximately 1.25 (125%) times the minor axis
dimension, corresponds to the representative aperture illustrated in Fig. 1C. The
gasket-capturing aperture axes 40, 60 may also be advantageously rotated
approximately 15 degrees with respect to the coordinate system of the thin flat
rectangular member 10 as will be explained later below.

A known gasket 90 may be inserted (as illustrated in Fig. 1F) into the
representative retainer gasket-capturing aperture 50 by engaging the aperture
smaller dimension internal edge 42 into the full depth of the gasket peripheral
groove 91 (Fig. 1D), flexing the retainer material 10 in three dimensions and

bringing the aperture larger dimension extremes 61, 62 toward each other while

11
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simultaneously distending the opposite smaller dimension internal edge 41 of the
aperture to clear the maximum external diameter 99 of the gasket. The gasket 90
is then brought coplanar with the retainer portion 42 (not visible in Fig. 1F),
already engaged in the gasket peripheral groove 91, and releases the flexure of
the retainer material 10, thus allowing the opposite smaller dimension internal
edge 41 of the gasket-capturing aperture 50 to also engage the gasket peripheral
groove 91. The gasket retention particulars may be more fully understood by
considering the Fig. 1D cross-section view, showing the oppositely located

- smaller dimension internal edges 41, 42 projecting well into the gasket peripheral
groove 91. The removability of the gasket may be more fully understood by
considering the Fig. 1E cross-section view showing the oppositely located larger
dimensional internal edges 61, 62 substantially away from the maximum external
diameter 99 of the gasket.

An example of another embodiment of the inventive gasket retainer is
illustrated in Fig. 3 in perspective view, with a removably captured C-seal type
gasket. The retainer 300 is made from a thin flat rectangular member 310 of
sheet material. The representative retainer 300 has a D-shaped gasket-capturing
aperture 350 with a C-seal gasket 390, of known construction, removably
retained and a pair of fastener apertures 331, 332 generally located adjacent
diametrically opposite sides of the gasket. Skilled designers will appreciate the
perimeter of this D-shaped aperture is essentially half of a larger ellipse which is
truncated along its minor axis by a straight portion 342 blended into corner
curves 361, 362 of suitable radius. The gasket 390 may be inserted into the
representative retainer gasket-capturing aperture 350 by engaging the ellipse tight
radius portion 341 into the full depth of the gasket peripheral groove 391, flexing
the retainer material 310 in three dimensions. This brings the ellipse-truncating
corners 361, 362 toward each other, while simultaneously distending the aperture
straight portion edge 342 to clear the maximum external diameter 399 of the

gasket. Then, the gasket 390 is brought to an orientation coplanar with the

12
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retainer portion 341, already engaged in the gasket peripheral groove 391, and
releasing the flexure of the retainer material 310 to thereby allow the aperture
straight portion edge 342 to also engage the gasket peripheral groove 391.

Yet another embodiment of the inventive gasket retainer is illustrated in
Fig.7A, shown, for clarity, in perspective view with no associated other
hardware. The retainer 700 is made from a thin flat member 710 of sheet
material. The representative retainer 700 has a gasket-capturing aperture 750,
with a smoothly non-convex outline wherein three identically shaped periphery
portions 741, 742, 743 are substantially straight and appear as an equilateral
triangle with convenient radii 747, 748, 749 in place of the corresponding
vertices. A gasket (not shown) may be inserted into the representative retainer
gasket-capturing aperture 750 by engaging a pair of adjacent straight portions
741, 742 into the full depth of a gasket peripheral groove (not shown). This
insertion causes the retainer material 710 to flex in three dimensions, thus
bringing the corresponding distal radii 747, 748 toward each other while
simultaneously distending the third straight portion edge 743 to clear the
maximum external diameter (not shown) of the gasket. This action further brings
the gasket coplanar with the gasket-capturing aperture portions 741, 742 already
engaged in the gasket peripheral groove, while releasing the flexure of the
retainer material 710, allowing the third aperture straight portion edge 743 to also
engage the gasket peripheral groove.

Yet a further embodiment of an inventive design gasket retainer is
illustrated in Fig.7B, in perspective view with no associated other hardware, for
clarity. The retainer 701 is made from a thin flat member 711 of sheet material.
The retainer 701 has a gasket-capturing aperture 751 with a smoothly non-convex
outline, wherein three identically-shaped periphery portions 761, 762, 763 of
relatively large curvature appear as a Reuleaux triangle, with convenient radii
767,768, 769 in place of the corresponding vertices, similar to the tri-oval form

of motor vehicle racing course. A gasket (not shown), of known construction,
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may be inserted into the representative retainer gasket-capturing aperture 751 by
engaging a pair of adjacent straight portions 761, 762 into the full depth of a
gasket peripheral groove (not shown). This insertion flexes the retainer material
711 in three dimensions to bring the corresponding distal radii 767, 768 toward
each other while simultaneously distending the third straight portion edge 763 to
clear the maximum external diameter (not shown) of the gasket. This action, in
turn, brings the gasket coplanar with the gasket-capturing aperture portions 761,
762 already engaged in the gasket peripheral groove, while releasing the flexure
of the retainer material 711, allowing the third aperture straight portion edge 763
to also engage the gasket peripheral groove.

Skilled designers will appreciate that the perimeter shape of the inventive
oblong non-convex (when viewed from inside the aperture looking outward)
gasket-capturing aperture need not have continuously changing curvature as
defined by an ellipse. A suitably truncated mere portion of an ellipse may be
sufficient to form a functional aperture, as may be observed with the D-shaped
aperture illustrated in Fig. 3. A functional aperture may also, for example, be
formed from short circular arc segments joined by straight lines, in which
instance a triangle with curved corners provides an extreme case as can be
observed with the aperture illustrated in Fig. 7A. In the case of a generally tri-
oval aperture as illustrated in Fig.7B, or even an aperture of oval outline as in
Fig.1C, the arc segments may have different radii or may all be nominally the
same. In addition to the flexibility and spring properties of the retainer thin flat
sheet material, ensuring the gasket capturing aperture has a major dimension
sufficiently large to allow passage of a C-seal type gasket turned on edge, and
minor dimension sufficiently small to engage a cavity or groove on the outside
diameter periphery of the C-seal type gasket, are primary retainer design
considerations. The larger major dimension is necessary to allow initial
engagement of the gasket peripheral groove with an aperture edge and the smaller

minor dimension is necessary to retain the gasket after it is inserted.
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Consideration of any retainer described in the background portion of this
application, including the retainer commercially available from Microflex
Technologies (Anaheim, CA; www.microflexseals.com) illustrated in Fig.4 of
this disclosure, reveals that these designs all have one or more small sharp locally
convex features prone to snagging during handling and all lack the benign
concavity of the instant invention.

Skilled designers will further appreciate the utility of having fastener
apertures in a gasket retainer designed to engage a threaded portion of fasteners
present, to thereby generally hold the fasteners and retainer together as an intetim
subassembly. This makes easier the fluid pathway joining process. Any aperture
shape suited to a gasket-capturing aperture may also be used for a fastener
aperture after appropriate dimensional scaling. Thus, an exemplary fastener
aperture may be an oval, an ellipse, D-shaped, triangular or tri-oval. Any
combinations of the foregoing aperture choices may be used in a particular
retainer design. '

As noted above, the first retainer embodiment 100 illustrated in Fig.1A
has a pair of oblong fastener apertures 31, 32 located adjacent diametrically
opposite sides of the gasket capturing aperture 50. As illustrated in Fig. 2A, the
right fastener aperture 31 has a smoothly concave shape of oval outline, with a
major diameter 35 sufficiently large to allow passage of a fastener thread outside
diameter and a minor diameter 33 sufficiently small to engage the fastener thread
without binding at the thread root. The fastener aperture axes 33, 35 may also be
advantageously rotated with respect to the coordinate system of the thin flat
rectangular member 10 to accommodate other design considerations such as
material web width, etc. As illustrated in Fig. 2B the left fastener aperture 32
similarly has a smoothly concave shape of oval outline with a major diameter 36
sufficiently large to allow passage of a fastener thread outside diameter and a
minor diameter 34 sufficiently small to engage the fastener thread without

binding at the thread root. The major axes 35, 36 of the two fastener apertures
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are at right angles to each other but any other relative relationship may be chosen
by the designer as desired.

The inventor has discovered that a fastener aperture 31, 32 with a larger
dimension of 0.178 inch and a smaller dimension of 0.142 inch functions well
while accommodating both UNC-#8-32 and also M4x0.7 male threads. A true
mathematical ellipse may conveniently describe the fastener aperture 31, 32 when
computer aided design (CAD) methods are used. An ellipse with the major axis
sized approximately one and a quarter (1.25 = 125%) times the minor axis |
dimension corresponds to the representative fastener apertures 31, 32 illustrated
in Fig.2A and Fig.2B. A typical process for engaging an externally threaded
(male) fastener portion 71, 72 with a fastener aperture 31, 32 involves rotating
the fastener along the thread axis to allow it to mesh with the fastener aperture
minor dimension 33, 34 as if it were a mating (female) internal thread. In the
first retainer embodiment 100, the relationship among fasteners 71, 72, gasket 50,
and the retainer rectangular member 10 may be further understood by considering
a perspective view of the assembled items as illustrated in Fig. 2C, wherein fluid
pathway elements are left out of the illustration for clarity. The cross-sectional
detail in Fig. 2D shows how the minor diameter 33 of the fastener aperture 31
engages approximately the pitch diameter of one inserted externally threaded
fastener 71. The cross-sectional detail in Fig. 2E shows how the major diameter
36 of the fastener aperture 32 is sufficiently large to clear the major diameter of
another inserted externally threaded fastener 72.

Surface mount fluid delivery system components with multiple fluid
conduit ports are well known and the inventive gasket retainer with multiple
gasket-capturing apertures will benefit from an appropriate aperture orientation.
INlustrated in Fig. 5 is a plan view of a retainer 500 for use with a two-port
surface mount K18 style fluid delivery component. The retainer 50.0 is made
from a thin flat square member 510 of sheet material having two oblong gasket-

capturing apertures 550, 554 for use with known C-seal gaskets (not shown), and
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four fastener apertures 531, 532, 537, 538 in locations corresponding to the
corner mounting holes of a valve or similar component. The sheet material is
typically 0.0030(+/-0.0002)-inch thick full hard 300-series stainless steel and the
square shape is approximately 1.115-inch by 1.115-inch. Of course, these
dimensions are exemplary only, and not required to implement the inventive
concepts. Each gasket-capturing aperture 550, 554 has a major axis 560, 564
nominally dimensioned 0.340 inch and a minor axis 540, 544 nominally
dimensioned 0.272 inch, similar to the previously discussed retainer 100.
Inappropriate orientation of the adjacent gasket-capturing apertures 550, 554
could result in mutual intersection and loss of the intervening material web 580
between them because the fluid conduit ports are typically spaced 0.305-inch
apart. The inventor has discovered that rotating each gasket-capturing aperture
550, 554 approximately 15 degrees in the same direction provides a desirable
improvement of the intervening material web 580 width compared to merely
aligning the minor axes 540, 544. Additional handling benefits occur because the
corresponding aperture axes 550, 554 and 560, 564 are made simply parallel
rather than collinear. Consequently, inserting one gasket is less likely to disturb
the retention of an adjacent gasket.

Illustrated in Fig. 6 is a plan view of another embodiment of a retainer
600 for use with a three-port surface mount K18 style fluid delivery component.
The retainer 600 is made from a thin flat square member 610 of sheet material
having three oblong gasket-capturing apertures 650, 654 for use with known C-
seal gaskets (not shown), and four fastener apertures 631, 632, 637, 638 in
locations corresponding to the corner mounting holes of a valve or similar
component. The sheet material is typically 0.0030 (+/-0.0002)-inch thick full
hard 300-series stainless steel and the square shape is approximately 1.115-inch
by 1.115-inch. Each gasket-capturing aperture 650, 654, 658 has a major axis
660, 664, 668 nominally dimensioned 0.340-inch and a minor axis 640, 644, 648

nominally dimensioned 0.272-inch similar to the previously discussed retainer
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100. Inappropriate orientation of the adjacent gasket-capturing apertures 650,
654, 658 could result in mutual intersection and loss of the intervening material
webs 680, 681 between them because the fluid conduit ports are typically spaced
0.305-inch apart. The inventor has discovered that rotating each gasket-
capturing aperture 650, 654, 658 approximately 15-degrees in the same direction
provides a desirable improvement of the intervening material web 680, 681
widths compared to merely aligning the minor axes 640, 644, 648. Additional
handling benefits occur because the corresponding aperture axes 650, 654, 658
and 660, 664, 668 are made simply parallel rather than collinear and
consequently inserting one gasket is less likely to disturb the retention of an
adjacent gasket.

While this invention has been described with respect to various specific
examples and embodiments, it is to be understood that various modifications may
be made without departing from the scope thereof. Therefore, the above
description should not be construed as limiting the invention, but merely as an
exemplification of preferred embodiments thereof and that the invention can be

variously practiced within the scope of the following claims.
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WHAT IS CLAIMED IS:

1. A gasket retainer for use in a fluid delivery system, comprising:

a base member formed of a substantially flat sheet of material; and

a gasket-capturing aperture disposed in said base member;

wherein the gasket-capturing aperture has an oval periphery along at least
a portion thereof, with a major diameter sufficiently large to allow passage of a
circular element therethrough and a minor diameter sufficiently small to engage a

cavity, groove, or thread on the outside diameter of said circular element.

2. The gasket retainer as recited in Claim 1, and further comprising
at least two fastener apertures disposed on opposing sides of said gasket-

capturing aperture.

3. The gasket retainer as recited in Claim 1, wherein the oval
periphery is smoothly concave and corresponds mathematically to an elliptical

shape.

4, The gasket retainer as recited in Claim 3, wherein the ellipse
major axis dimension is at least about 1.15 times (115%) the minor axis

dimension.
5. The gasket retainer as recited in Claim 4, wherein the ellipse
major axis dimension is approximately 1.25 times (125%) the minor axis

dimension.

6. The gasket retainer as recited in Claim 1, wherein the base

member is comprised of stainless steel.
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7. The gasket retainer as recited in Claim 1, wherein the base
member has a length and a width, and each of the major and minor diameters of
the gasket-capturing aperture are rotated approximately 15 degrees with respect

to corresponding ones of the length and width of the base member.

8. The gasket retainer as recited in Claim 1, wherein the gasket-
capturing aperture is D-shaped, and comprises approximately one-half of a larger
ellipse which is truncated along the minor diameter by a straight portion blended

into corner curves at opposing ends of the straight portion.

9. The gasket retainer as recited in Claim 1, wherein the periphery of

the gasket-capturing aperture is non-convex.

10. A gasket retainer for use in a fluid delivery system, comprising:

a base member formed of a substantially flat sheet of material; and

a gasket-capturing aperture having a smoothly non-convex periphery,
which does not have a continuously changing curvature, the periphery being
defined by three substantially identically shaped periphery portions and three
curved radii joining opposing ends of each of the three substantially identically
shaped periphery portions, so that the aperture is substantially triangular in
appearance, the aperture defining a sufficiently sized opening to allow passage of
a circular element therethrough between each of the substantially identically
shaped periphery portions and opposing aperture periphery radii while
simultaneously maintaining sufficiently small clearance between adjacent pairs of
the identically large curvature periphery portions to engage a cavity, groove, or

thread on the outside diameter of that circular element.

11.  The gasket retainer as recited in Claim 10, and further comprising

at least two fastener apertures disposed on opposing sides of said gasket-
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capturing aperture.

12. A gasket retainer according to Claim 10, wherein the three
substantially identically shaped periphery portions have a relatively large

curvature which appear substantially straight.

13. A gasket retainer according to Claim 10, wherein the non-convex

aperture appears as a Reuleaux triangle or tri-oval shape.
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