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RING SEAL WITH TROUGH

FiELD
[0001] This disclosure relates to seals and gaskets for forming a fluid tight seal joint
between opposed flow component ports.
BACKGROUND
L Ring seals are typically annularly shaped, defining an axially aligned hole for fluid

{liguiid or gas) passage, two axially opposed end surfaces, a radial inner surface, and a radial
outer surface. A simphistic ring seal has planar end surfaces and smooth circular radial inner and
outer surfaces that define the inner diameter (1D} and outer diameter (OD) of the ring seal Itis
common practice in the industry, however, to utilize seals having different radial cross-sections
to obtain varying sealing capabilities for different fluid flow environments. Ring seals are

typically formed from a metal such as nickel, stainless steel, and mickel alloys such as C22.

00037 Ring seals are typically designed for interfacing with a specific port type. The
opposed sealing sides or surfaces of the ring seal are each configured to engage a port of a flow
component to form a fluid tight seal between the end surface and the flow component. A
commonly used ring seal is a “C seal” that has a radial cross-section of 3 “C” shape. The end
surfaces of C seals engage and compress against a planar surface of a port of a flow component
to form a fluid tight seal therebetween. Other C seals include a ridge or extension protruding
axially from the end surface to aid in forming a fluid tight seal with the port of the flow

component.

759

0004} Another ring seal type known in the industry is a “W” seal. A typical "W" seal has
planar opposed sealing surfaces. The W seal s positioned between two coupling members that
have annular projections, respectively, extending therefrom. The planar sealing surfaces engage

the annular projections to form a fluid tight seal between the W seal and the coupling members.

[0005] A problem with the existing ring seals 1s that the ring seals are only designed for use
with a specific port type. For example, a C seal can only be used with a C-type port of a flow
component, and a W seal can only be used with a W-type port. Problems arise when, for

example, the port of a flow component on one side of the ring seal 1s C-type and the port of the
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flow component on the other side of the ring seal is 2 W-type. Some have attempted to solve this
problem by creating a ring seal having one end surface designed to interface with a C-type port
and the opposite end designed to interface with a W-type port. A shortcoming of such a ring seal
is that one must be conscious of the orientation of the ring seal when positioning it between the
flow components of different port types. Positioning the ring seal in an inverted orientation may
cause damage to the flow components or ports thereof. Another shortcoming is that this ring seal
cannot be used between flow components with the same port type, thus requiring a user to have a
variety of ring seals on hand based on the port types of the flow components being jomed

together.

[0006] Some aitempis to create port neutral ring seals have been atiempted, for example,
having identical sealing surface designs suitable for both C-type and W-type ports. One such rning
seal with axial protrusions, however, may create scratches on the fluid port surface of C-type
ports. Other problems have arisen including potential misalignment problems with W-type poris

leading to seal failure.
BRIEF DESCRIPTION OF THE DRAWINGS
[0007] FIG. 1 1s a top perspective view of a ring seal according to various embodiments.

{6008] FIG. 2 18 a top plan view of the ring seal of FIG. 1.

[0on9] FIG 3 15 a cross-sectional view of the ring seal of FIG. 1 taken along lines 3-3 of
FiGr 2.

fo016] FIG 415 a closeup view of a portion of the cross-sectional view of the ring seal of
FI(r 3.

[0011] FIG. 5 is a cross-sectional view of the ring seal of FIG. 1 set between a C-type fluid

flow component and a W-type fluid flow component prior to compression.

[0012] FIG. 615 a cross-sectional view of the ring seal of FIG. 1 set between the fluid flow

components of FIG. 5 after compression.

[0013] Skilled artisans will appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been drawn to scale. For example, the dimensions

and/or relative positioning of some of the elements in the figures may be exaggerated relative to
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other elements to help to improve understanding of various embodiments of the present
disclosure. Also, common but well-understood elements that are useful or necessary ina
commercially feasible embodiment are often not depicted to facilitate a less obstructed view of
these various embodimenis. 1t will further be appreciated that certain actions and/or steps may be
described or depicted in a particular order of occurrence while those skilled in the art will
understand that such specificity with respect to sequence is not actually required. It will also be
understood that the terms and expressions used herein have the ordinary technical meaning as is
accorded to such terms and expressions by persons skilled in the technical field as set forth above

except where different specific meanings have otherwise been set forth herein.
DETALED DESCRIPTION

[0014] Ring seals are disclosed herein that may be positioned between opposed flow
component sealing ports to create a fluid tight seal between the opposed sealing ports. The ring
seals create a fluid tight passageway from the first flow component to the second flow
component. The ring seals disclosed herein include a sealing surface designed to be used in
comjunction with at least two different sealing port tvpes {e g, C-seal type and W-seal type}.
Optionally, the ring seal may be symmetrical in that both sealing surfaces of the ring seal may be
used in conjunction with multiple sealing port types. For example, the sealing surfaces of the
ring seals may be used to seal against either a C-seal type port or a W-seal type port. Thus, a
single ring seal may be used to seal the interface between two C-type poris, two W-type ports, or
one C-type port and one W-type port. A user may thus use this ring seal regardless of whether
the upper or lower sealing port 18 C-~ or W-type because both sides of the ring seal are compatible

with either port type.

{0015] Referring now to the drawings, wheremn identical numerals indicate the same
elements throughout the figures, FIGS. 1-6 illustrate an example ring seal 100 m accord with
these teachings. The ring seal 100 13 designed for sealing opposed flow component sealing ports
defining a fluid flow path. The ring seal 100 mcludes an annular seal body 105 that defines an
axial hole 110 therethrough for fluid passage 10 an axial direction tustrated by the arrow 115 in

FIG. 3. The annular body 105 has a radial plane 117 perpendicular to the axial direction 115

[0016] The example ring seal 100 neludes opposing first and second sealing sides 120 and

1207 on the axaal ends 125 and 1257 of the annular seal body 105, The sealing sides 120 and 120°
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are brought mto engagement with a sealing port of a flow component to create a thud tight seal
between sealing port of the flow component and the sealing side 120 and 120°. Thus, when both
the first sealing side 120 and the second sealing side 1207 engage sealing ports of a flow
component such that a fluid tight seal is formed, the fhad flows through the axial hole 110 from
one flow component and into the other flow component without leaking the thuid between the

flow components.

{0017} Referring to FIG. 4, which depicts the call out section 4 from FIG. 3, the first sealing
stde 120 imncludes a first deformable annular protrusion 130 extending from the annular body 105
i an axial direction to a first apex 135. The sealing side 120 also includes a second deformable
annular protrusion 140 extending from the annular body 105 in an axial direction to a second
apex 145 The first and second deformable annular protrusions 130 and 140 are both configured
to deform upon engagement with a first planar sealing surface For example, if the first sealing
side 120 1s used to engage the substantially planar sealing surface of a C-type port of a flow
component to form a fluid tight seal (e g., a C seal) between the first sealing side 120 and the
sealing port of the flow component, the annular protrusions 130 and 140 deform against the flat

surface to form the seal.

0018} The first sealing side 120 further includes a trough 150 defined between the first
detormable annular protrusion 130 and the second deformable annular protrusion 140, The
trough 150 extends around the first sealing side 120 and is configured to engage with a first
annular rounded sealing ring. For instance, a distance 160 between the furst apex 135 and the
second apex 145 1s set to engage the sides of a typical protrusion of a W-type port as known in
the art. Such a distance may be, for example, between 0.023 mches and 0.043 inches, preferably
about 0.029 inches. The trough’s 150 diameter (as measured from a point equidistant between
the first apex 135 and the second apex 143) 1s imtted only by the port size. In one example, the
trough 150 15 sized to engage the W-type port’s annwlar protrusion, by having a diameter as
measured at a point equidistant between the first apex 135 and the second apex 145 of between
0.216 and 0.234 inches. An example diameter size for the trough 15015 0.219 mches In the
lustrated example, the ring seal 100 has an outer diameter of 0.282 inches, an inner diameter
{1e., diameter of the most parrow portion of axial hole 110) of 0.186 inches, and the first apex

135 has a diameter of 0.249 inches while the second apex 145 has a diameter of 0.210 inches.
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{0019] In one example, the second apex 145 and the second deformable annular protrusion
140 border the axial hole 110 such that an inner diameter surtace 147 defining a portion of the
axial hole 110 forms one side of the second deformable annular protrusion 140, The first apex
135 extends in an axial direction slightly farther than the second apex 145, by about 0.002 to
0.004 inches. This small difference in relative heights in the axial direction reduces the
likelihood of damage to the second deformable annular protrusion 140 during handling allowing
the second deformable annular protrusion 140 to deform and create an additional sealing surface,
mereasing the hikelihood of forming a complete fluid tight seal if the first deformable annular

protrusion 130 s damaged.

[0026] So configured, the ring seal 100 can be placed on a W-type port, and the trough 150
will naturally align to the W-type port’s ring shaped protrusion, facilitating easy alignment
during the process of creating the seal. For example, the ring seal 100 may be placed “on top” of
a W-type port, and the trough 150 will facilitate alignment with the W-type port’s annular
protrusion, reducing misalignment issues. To facilitate sealing a standard W-type port, the
trough’s 150 depth below the first deformable annular protrusion 130 is between 0.003 and 0.008
mches. Thus, during compression, the W-type port’s protrusion presses into the trough 150,
creating sealing surfaces at one or any combination of the trough’s base 152, along the first
rising surface 154 to the first apex 135, and the second rising surface 1536 to the second apex 148,
At least one of the trough’s base 152, the first rising surface 154, and/or the second rising
surface 156 may deform against the W-type port’s ting seal, thereby providing several elements

to create a fluid tight seal.

{6021} In the dlustrated example, the first apex 133 transitions to an outer extension surface
158 extending radially away from the axial hole 116 and an inner nising surface 154 extending
radially towards the axial hole 110, In other words, the outer extension surface 138 extends from
the first apex 133 in the radially outward direction to the outer surface 165 that forms the outer
diameter of the ring seal 100 The outer extension surface 158 may be, for example, a
frustoconical surface about the circumference of the ring seal 100 and preferably slopes at an
angle 170 relative to the direction of the axial fhud flow near the same as the angle 178 of the
mitial slope of the first rising surface 154 away from the first apex 135 going into the trough 150,

For example, the outer extension surface 158 may extend adjacent to the fust apex 135 at an

1
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angle of about 20-60 degrees relative to the axial plane as an example range. In one specific
example, the outer extension surface 158 extends from the first apex 135 at an angle of about 40
degrees relative to the axial plane. Similarly, the inner rising surface 154 adjacent to the first
apex 135 extends at an angle of about 20-60 degrees relative to the axial plane as an example
range, although the inner rising surface 154 may change slope beyond this range as it extends to
the bottom of the trough 150. This range of angles on either side adjacent to the first apex 135
results in that during compressing with a flat sealing surface (e g., a C-type port), the first apex
135 deforms without significant slippage along the sealing surface. For example, it has been
found that an apex with one side sloping at about 45 degrees relative to the axial fluid flow and
the other sloping at about a 70 degree angle results in shippage of the apex along the sealing
surface during compression, potentially scratching the flow compoenent’s sealing surface and

potentially compromising the resulting sealing effect.

[0022] When the annular protrusion 130 1s forced against a planar sealing surface (e.g, as
shown FIGS. 5 and 6), the annular protrusion 130 deforms sufficiently such that the mner

extension surface 147 also engages the sealing surface.

{6023] in the embodiment shown, the sealing side 120° on the second axial end 125" is a
mirror image of the sealing side 120 reflected over the radial plane and functions identically to
the sealing side 120. As shown, in FIGS. 3 and 4, the example sealing ring 100 is symmetrical
about the radial plane. Features of sealing surface 120° that correspond o features described in
relation to sealing surface 120 are indicated with a prime (). For exarople, a feature like the first
apex 135 of the sealing surface 120 that corresponds to a feature of the sealing surface 1207 15
mdicated by 1357, While the llustrated ring seal mncludes two multi-port type compatible sealing
surfaces, in other embodiments, the ring seal 100 may have only one such sealing surface while
the other surface has a different form, for exarople, that 1s only configured to seal against a single

sealing port type as known 1o the art.

{0024] The ring seal 100 may optionally further juclude a plurality of bores 175 extending
radially inward from the outer surface 165, The plurality of bores 175 may take any number of
configurations. For example, preferably, the bores 175 are constructed by dnilling radially from
the ring seal's radial outer surface toward the ring seal's center to minimize costs and reduce any

difficulties 1 manufacturing. Bores 175 constructed in this manner have a circular cross-section.
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For simplicity, the bores 175 are illustrated as having a circular cross-section though the bores
may have cross-sections other shapes without departing from the spirit or scope of the disclosure.
The number of bores 175 and their diameter may vary depending on the desired mechanical
properties of the sealing assembly. For example, an increase in the number of bores 175 or
merease in the diameter of the bores 175 causes a corresponding decrease in the thickness of the
ring seal's internal sidewalls which will alter the mechanical characteristics of the seal, icluding
mcreasing the seal's ability to deform. However, this increase in the number of bores or increase
i the bores' 175 diameter may diminish the elastic recovery {rebound) of the seal 100 after
compression and decompression. In a preferred embodiment, the bores 175 are cvlindrical and
have diameters of between 25% and 75% of the thickness of the ring seal. Diameters less than
about 25% will significantly reduce the ring seal's ability to elastically deform. Meanwhile,
mcreasing the diameter of the bores beyond about 75% of the thickness of the ring seal 100 will
weaken the structural integrity of the seal 100, resulting in the seal 100 being compressed
without substantial deformation of the sealing surfaces 120, 120" which may lead to leaks. Ina
preferred approach, the bores 175 bave a diameter of approximately S0% of the thickness of the
ring seal 100, Alternatively, the ring seal 100 could include a groove extending radially inward

from the outer surface 165 to provide the deformability aspects discussed above.

{0025] With reference now to FIGS. 5 and 6, the ring seal 100 1s shown positioned between
a C-type flow component 180 and a W-type tlow component 190. The C-type flow component
180 includes a C-type port mnterface mcluding a plavar sealing surface 185, The W-type flow

component 190 mncludes a W-type port interface including a sealing protrusion 195,

[6026] As shown in FIG. 5, the ring seal 100 1s positioned between the flow components
180, 190 with the ring seal 100 in an uncompressed state. Force may then be applied to bring the
flow components 180, 190 together to fluidically seal the flow components 180, 190 together.
This causes the ring seal 100 to enter a compressed state as shown m FIG. 6. As shown, the first
apex 135° of the second sealing side 1207 engages the C-type flow component 180, and the first
sealing surface 120 engages the W-type flow component 190, As the planar surface 185 of the C-
type flow component 180 compresses the first sealing side 1207, the first apex 135 of the first
deformable annular extension 1307 deforms against the planar surface 185, forming a fhad tight

seal therebetween. During compression the planar surface 185 additionally engages and
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compresses against the second apex 1457 of the second deformable annular protrusion 1407 such
that this additional portion deforms against the planar surface 185 to form an additional seal. As
the sealing protrusion 195 of the Wetype flow component 190 engages the first trough 150 of the
first sealing stde 120, the trough 150, trough’s base 152, the first rising surface 154, and/or the
second rising surface 156 then deform against the W-type port’s sealing protrusion 195 to
receive the sealing protrusion 195 and form a flid tight seal therebetween. After compression of
the ring seal 100, the flow components 180, 190 are fluidically sealed such that fluid may be

passed between flow component 180 and 190 via the ring seal 100 without leaking fluid.

[0027] Thus, the identical sealing sides 120, 120° of the ring seal 100 may each be used to
form a fluid tight seal with either a C-type flow component or a W-type flow component.
Because the sealing sides 120, 1207 are identical and the ring seal 100 is symmetrical about the
radial plane, the ring seal 100 can be used to seal C-tvpe , W-type, or a combination of flow
components together without regard to the orientation of the ring seal 100. For mstance, the ring
seal 100 may be similarly used where the lower flow component is W-type flow component 190
and the upper flow component is a C-type flow component 180, where both the upper flow
component and the lower flow component are both C-type flow components 180, or where both
the upper flow component and the lower flow compounent are both W-type flow components 190.
The tllustrated ring seal 100 is thus orientation agnostic. Where the ring seal 100 15 used to
connect two C-type How components 180 or two W-type flow corponents 190, the depth of the
port design may be adjusted (e.g., increased) to accommodate the thickness of the ring seal 100
so that the ring seal 100 1s compressed properily to form a fluid tight seal and not over or under
compressed. Similarly, the seal’s length in the axial direction could be adapted during
manufacture to accommodate depth characteristics for C-type or W-type ports in which the seal

may be used.

{0028] In all embodiments, the annular protrusions 130 and 140 are deformable and, upon
forcible engagement with a planar sealing surface of a C-type flow component, deforms to form
a fluid tight seal Likewise, in all embodiments, one or more surfaces are positioned and sized to

receive the seal ring of 3 W-type flow component to form a fluid tght seal.

-8 -
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{8029] it should further be appreciated that in some forms, only one sealing surface 1s

g., C-type or W-type} while the other sealing surface s

compatible with multiple seal types (e.

only configured to form a seal of a single type {e.g., a prior art sealing surface).

{0030] While this disclosure has been described with respect to various specific examples,
it 15 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 disclosure but
merely as an exemplification of preferred embodiments thereof and that the disclosure can be

varipusly practiced within the scope of the following claims.
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CLAIMS
What is claimed 15
1. A ring seal comprising:
an annular body defining an axial hole therethrough for fluid passage in an axial direction, the
annufar body having a radial plane perpendicular to the axial direction;
a first sealing side on a first axial end of the annular body, the first sealing side mcluding:

a first deformable annular protrusion extending from the annular body in the axial direction
to a first apex, the first deformable annular protrusion configured to deform upon
engagement with a first planar sealing surface,

a second deformable annular protrusion extending from the annular body in the axial
direction to a second apex, the second deformable annular protrusion configured to
deform upon engagement with the first planar sealing surface,

a first trough defined between the first deformable annular protrusion and the second
deformable annular protrusion, the first trough extending around the first sealing side and

configured to engage with a first annwlar rounded sealing protrusion.

2. The ring seal of claim | further comprising;
a second sealing side on a second axial end of the annular body oppostte the first axial end, the
second sealing side mcluding:

a third deformable annular protrusion extending from the annular body tn the axial direction
to a third apex, the third deformable annular protrusion configured to deform upon
engagement with a second planar sealing surface,

a fourth deformable annular protrusion extending from the annular body n the axaal direction
1o a fourth apex, the second deformable annular protrusion configured to deform upon
engagement with the second planar sealing surface,

a second trough defined between the third deformable annular protrusion and the fourth
deformable annular protrusion, the second trough extending around the second sealing

side and configured to engage with a second annular rounded sealing ring.

-10-
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2

3. The ring seal of claim 2 wherein the second sealing side 1s a mirror image of the first
sealing side reflected over the radial plane of the annular body perpendicular to the axial

direction.

4. The ring seal of any of claims 1-3 wherein the first deformable annular protrusion and the
second deformable annular protrusion are configured to deform to form a C-seal upon

engagement with the first planar sealing surface.

5. The ring seal of any of claims 1-4 wherein the first trough is configured to engage the

first annular rounded sealing ring to form a W-seal

6. The ring seal of any of claims 1-5 wherein:

the first apex transitions to an outer extension surface extending radially away from the axial
hole and an inner rising surface extending radially towards the axial hole;

a first angle defined by the inver rising surface adjacent to the first apex and the axial direction 13
betwsen 20-60 degrees; and

a second angle defined by the cuter extension surface adjacent to the first apex and the axial

direction 18 between 20-60 degrees.

7. The ring seal of any of claims 1-6 wherein the second deformable annular protruston
borders the axial hole such that an mner diameter surface defining a portion of the axial hole

forms one side of the second deformable annular proirasion,

3. The ring seal of any of claims 1-7 wheremn the first apex extends in the axial direction

farther than the second apex.

9. The ring seal of claim 3 wheren the first apex extends in the axial direction farther than

the second apex by about 0.002 to 0.004 inches.

10. The ring seal of any of claims 1-9 wherein a distance between the first apex and the

second apex between 0.023 inches and 0.043 mnches.
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11 The ring seal of any of claims 1-8 wherein the first trough has a depth below the first

deformable annular protrusion of between 0.003 and 0.008 inches.

12. The ring seal of any of claims 1-12 wherein the first trough has a diameter as measured
from a point equidistant between the first apex and the second apex between 0.216 and 0.234

inches.
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