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BLIND-MATE FLUID FITTING

BACKGROUND

[0001]In fluid systems, various components often need to be connected together to
allow fluid to flow from one component to another. As just one example fluid
system, fluid can flow from an operational component into a heat transfer

component to remove heat generated by the operation component.

[0002]In some applications, there is limited space to join two components of a fluid
system. Further, in some applications, it can be difficult or impossible to access
fluid ports of the components to be joined during assembly. Further, due to
variations in manufacturing fluid ports intended for interconnection between two
components may not be nominally aligned with one another. That is a fluid port on
a first component can be angularly, radially, and/or axially offset from a nominal
alignment with a fluid port on a second component. Such misalignment can make it
difficult to join the fluid ports together with a fitting absent resorting to high-
precision tolerances on fluid system fabricated component parts and assembly
tooling. Further, such misalignment can lead to fluid systems that are impossible to
non-destructively disassemble.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Features and advantages of the disclosure will be apparent from the
detailed description which follows, taken in conjunction with the accompanying
drawings, which together illustrate, by way of example, features of the disclosure;

and, wherein:

[0004]FIG. 1 illustrates a fluid system including a compact, blind-mate fluid fitting
according to one example of the present disclosure;

[0005]FIG. 2 illustrates geometry for the compact blind-mate fluid fitting of FIG. 1
for a desired offset according to one example of the present disclosure;
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[0006]FIG. 3 illustrates geometry for a compact blind-mate fluid fitting for a
desired offset, the compact blind-mate fluid fitting having multiple compliant seals

according to one example of the present disclosure;

[0007]FIG. 4 illustrates a compact blind-mate fluid fitting having an extended

length according to one example of the present disclosure;

[0008]FIG. 5 illustrates a compact blind-mate fluid fitting with a fixed attachment

end according to one example of the present disclosure; and

[0009]FIG. 6 illustrates angles and distances used for calculating an offset angle
and compression of a compliant seal of a compact blind-mate fluid fitting according
to one example of the present disclosure.

[0010] Reference will now be made to the exemplary embodiments illustrated, and
specific language will be used herein to describe the same. It will nevertheless be

understood that no limitation of the scope of the disclosure is thereby intended.

DETAILED DESCRIPTION

[0011] As used herein, the term “substantially” refers to the complete or nearly
complete extent or degree of an action, characteristic, property, state, structure,
item, or result. For example, an object that is “substantially” enclosed would mean
that the object is either completely enclosed or nearly completely enclosed. The
exact allowable degree of deviation from absolute completeness may in some
cases depend on the specific context. However, generally speaking the nearness
of completion will be so as to have the same overall result as if absolute and total
completion were obtained. The use of “substantially” is equally applicable when
used in a negative connotation to refer to the complete or near complete lack of an

action, characteristic, property, state, structure, item, or result.

[0012] As used herein, “adjacent” refers to the proximity of two structures or

elements. Particularly, elements that are identified as being “adjacent” may be
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either abutting or connected. Such elements may also be near or close to each
other without necessarily contacting each other. The exact degree of proximity may

in some cases depend on the specific context.

[0013] An initial overview of the inventive concepts are provided below and then
specific examples are described in further detail later. This initial summary is
intended to aid readers in understanding the examples more quickly, but is not
intended to identify key features or essential features of the examples, nor is it
intended to limit the scope of the claimed subject matter.

[0014] There is a need for a fitting that allows for mating fluid system components
that is leak-tight, takes up a relatively small volume, and does not require access to
one or both fluid ports during assembly. Furthermore, there is a need for a fitting
that is capable of providing both angular, radial, and axial port misalignment

compensation.

[0015] Accordingly, in one example of the disclosure, a blind-mate fluid fitting is
provided. The fitting can comprise a shoulder having a stop surface operable to
interface with a surface of a first component having a fluid port defining a central
port axis of the fluid port. The fitting can further comprise a fitting portion extending
from one side of the shoulder and operable to be inserted into the fluid port.

[0016] The fitting portion can have a central fitting axis and can include a sealing
portion with an annular channel and a compliant seal disposed in the annular
channel. The compliant seal can be operable to seal against the fluid port when the
central fitting axis is positioned at a zero angle and at least one of a plurality of

different non-zero angles relative to the central port axis.

[0017] The fitting portion can also include an end portion extending from the sealing
portion and defining a distal end. The end portion can comprise a decreasing non-
uniform cross-section along the central fitting axis from the sealing portion to the

distal end. The end portion can be operable to provide clearance between the
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fitting portion and the fluid port when the central fitting axis is positioned at one of
the plurality of different non-zero angles relative to the central port axis.

[0018] The fitting portion can also include an intermediate portion extending from
the sealing portion. The intermediate portion can comprise a decreasing non-
uniform cross-section along the central fitting axis from the sealing portion towards
the shoulder. The intermediate portion can be operable to provide clearance
between the fitting portion and the fluid port when the central fitting axis is
positioned at one of the plurality of different non-zero angles relative to the central
port axis.

[0019]In some aspects, the fitting portion can further comprise a transition portion
between the intermediate portion and the shoulder. The sealing portion can
comprise a secondary compliant seal disposed in a secondary annular channel.
The secondary compliant seal can be operable to provide redundancy to seal
against the fluid port.

[0020] In one example, the fitting further comprises a symmetrical fitting portion
extending from an opposite side of the shoulder. The symmetrical fitting portion can
be operable to be inserted into a fluid port of a second component to seal against
the fluid port of the second component. The symmetrical fitting portion can be
operable to seal against the fluid port of the second component when a central
fitting axis of the second component is positioned at a zero angle and at least one
of a plurality of different non-zero angles relative to the central port axis.

[0021]In another example, the fitting can comprise a fixed attachment portion
extending from an opposite side of the shoulder. The fixed attachment portion can
be operable to be fixed to and sealed against a second component.

[0022]In some aspects, the fitting can comprise an extension portion. The
extension portion can form part of the shoulder. Alternately, the fitting can comprise

a second shoulder. The shoulder can be disposed on a first side of the extension



10

15

20

25

WO 2023/009205 PCT/US2022/031495

portion and the second shoulder can be disposed on a second side of the
extension portion opposite the first side.

[0023]In one example, the decreasing non-uniform cross-section of the end portion
can form a frustroconical portion of the fitting portion. Alternatively, the decreasing
non-uniform cross-section of the end portion can have an outer diameter defined
by an arc having a radius of curvature from sealing portion to the distal end.
Similarly, the decreasing non-uniform cross-section of the intermediate portion can
form a frustroconical portion of the fitting portion. Alternatively, the decreasing non-
uniform cross-section of the intermediate portion can have an outer diameter
defined by an arc having a radius of curvature from sealing portion toward the

shoulder.

[0024] In another example of the disclosure, a fluid system is provided. The fluid
system can comprise a first component comprising a fluid port defining a central
port axis of the fluid port and an outer surface, and a blind-mate fluid fitting. The
blind-mate fluid fitting can also comprise a shoulder comprising a stop surface
operable to interface with the outer surface of the first component, and a fitting
portion extending from one side of the shoulder and operable to be inserted into
the fluid port of the first component.

[0025] The fitting portion can define a central fitting axis and can include a sealing
portion comprising an annular channel and a compliant seal disposed in the
annular channel. The compliant seal can be operable to seal against the fluid port
when the central fitting axis is positioned at a zero angle and at least one of a

plurality of different non-zero angles relative to the central port axis.

[0026] The fitting portion can further comprise an end portion extending from the
sealing portion and defining a distal end. The end portion can comprise a
decreasing non-uniform cross-section along the central fitting axis from the sealing
portion to the distal end. The end portion can be operable to provide clearance
between the fitting portion and the fluid port when the central fitting axis is
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positioned at one of the plurality of different non-zero angles relative to the central

port axis.

[0027] The fitting portion can also comprise an intermediate portion extending from
the sealing portion. The intermediate portion can comprise a decreasing non-
uniform cross-section along the central fitting axis from the sealing portion towards
the shoulder. The intermediate portion can be operable to provide clearance
between the fitting portion and the fluid port when the central fitting axis is
positioned at one of the plurality of different non-zero angles relative to the central

port axis.

[0028] In some examples, the fluid system can further comprise a second
component comprising a fluid port defining a central port axis of the fluid port and
an outer surface. The blind-mate fluid fitting can connect the second component to
the first component.

[0029] The blind-mate fluid fitting can further comprise a symmetrical fitting portion
extending from an opposite side of the shoulder. The symmetrical fitting portion can
be operable to be inserted into the fluid port of the second component to seal
against the fluid port of the second component. The symmetrical fitting portion can
be operable to seal against the fluid port of the second component when a central
fitting axis of the second component is positioned at a zero angle and at least one
of a plurality of different non-zero angles relative to the central port axis.

[0030] In another example, the blind-mate fluid fitting further comprises a fixed
attachment portion extending from an opposite side of the shoulder. The fixed
attachment portion can be operable to be fixed to and sealed against the second

component.

[0031] To further describe the present technology, examples are now provided with
reference to the figures. With reference to FIG. 1, a fluid system including a
compact, miniature, blind-mate fluid fitting is provided. The fluid system 1
comprises a fitting 10 that allows for fluidly connecting or joining or mating two fluid
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system components, such as first component 2 and second component 3, while
consuming a relatively small volume of space, and while not requiring access to
fluid ports, such as fluid ports 2P, 3P during assembly. Further, the fitting 10 can
mate the first and second components 2, 3 even when the first and second
components 2, 3 are radially, axially, and/or angularly misaligned. Thus, the fitting
10 can be relatively compact compared to the first and second components 2, 3
and can facilitate blind mating of the first and second components 2, 3 even when
the components 2, 3 are not aligned.

[0032]In some examples, the fitting 10 can be used alone to connect the first
component 2 to the second component 3. In other examples, multiple fittings 10
can be used to connect multiple ports similar to ports 2P and 3P of the first
component 2 and the second component 3. Because the fitting 10 can account and
compensate for misalignment between the fluid ports (e.g. fluid ports 2P, 3P) of the
first and second components 2, 3, the fluid fitting 10 can facilitate non-destructive
disassembly and reassembly when servicing fluid system components where
multiple fittings 10 are used to mate the first component 2 to the second
component 3.

[0033] The fitting 10 can comprise a fluid fitting body 100 that has an internal
passage (not shown) to allow a fluid to flow therethrough. The fitting body 100 can
have an annular shape along the length of the fitting body 100 with an outer
diameter that varies along the length of the fitting body 100. The fitting body 100
can comprise a fitting portion 101 and a shoulder 102. The fitting body 100 can be
formed in a symmetrical manner as shown in FIG. 1, such that the fitting body 100
comprises a symmetrical fitting portion 101 on both sides of the shoulder 102. In
other words, a fitting portion 101 can extend from one side of the shoulder 102 to a
distal end 116 of the fitting portion 101, and a symmetrical fitting portion 101 can
extend from the opposite side of the shoulder 102 to an opposite end. Thus, the
discussion of features of the fitting portion 101 below are applicable to both
symmetrical fitting portions 101 on both sides of the shoulder 102.
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[0034] The shoulder 102 can comprise a stop surface 104 on both sides of the
shoulder 102. The stop surface 104 can be operable to prevent the fitting 10 from
extending too far into a fluid port, such as fluid ports 2P, 3P of components 2, 3.
The stop surface 104 can be sized and configured to abut against an outer surface
of the component 2, 3 to limit insertion and advancement of the fitting portion 101
into the fluid port 2P, 3P to a desired amount or distance.

[0035] As mentioned above, the fitting 10 can account for misalignment between
ports of components to be mated by the fitting 10. As shown in FIG. 1, the first port
2P of component 2 can have a central port axis 2A, and the second port 3P of
component 3 can have a central port axis 3A. The central port axis 2A and the
central port axis 3A of the ports 2P, 3P can be radially misaligned, resulting in a
radial offset of y. However, the fitting 10 can compensate for the radial
misalignment of the ports 2P, 3P by providing angular displacement of the fitting 10
while still maintaining a proper seal within the ports 2P, 3P. Any axial misalignment
o can similarly be accommodated and compensated for due to the axial
displacement of the fitting 10 relative to one or more of the ports 2P, 3P within a
given range, and the ability of the fitting portion 101 of the fitting 10 to seal at a
plurality of positions along the depth of the ports 2P, 3P.

[0036] The stop surface 104 of the shoulder 102 can be formed to further
accommodate any needed angular displacement of the fitting 10. The stop surface
104 can have a tapered configuration, such as that an outer diameter of the fitting
body 100 tapers or decreases from the outer edge of the shoulder 102 towards the
distal end 116. The taper of the stop surface 104 can have a constant angle such
that the stop surface 104 forms a frustroconical section of the fitting body 100. The
taper of the stop surface 104 can also be formed in a round or curved manner. The
taper of the stop surface 104 thus results in the shoulder 102 being thinner in an
axial direction at a radial edge of the shoulder 102 and becoming thicker in an axial
direction at positions radially inward from the edge of the stop 102.
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[0037]In some examples where such clearance is not necessary, the stop surface
104 can formed without the taper. In other words, the outer diameter of the fitting
body 100 can decrease in a step-like manner from the shoulder 102 to the fitting
portion 101 to form stop surface 104, such that the stop surface is parallel with a
distal end 116 of the fitting portion 101.

[0038] The fitting portion 101 can comprise a transition portion 106. The transition
portion 106 can be defined by a portion of the fitting body 100, and particularly that
portion of the fitting body 100 defining an outer diameter of the fitting body 100 that
transitions from the stop surface 104 of the shoulder 102 to the fitting portion 101.
In this example, the transition portion 106 comprises a concave curvature forming a
rounded, annual channel. The depth of the concave curvature forming the
transition portion 106 can be based on a desired angular displacement of the fitting
10 for a particular application, as will be discussed in more detail below. In some
examples, the transition portion 106 can take on different geometries. For example,
instead of having a concave curvature, the transition portion 106 can be angular or
can form a straight section of the fitting portion 101 where the outer diameter is
constant along the length of the transition portion 106.

[0039] The fitting portion 101 can further comprise an intermediate portion 108. The
intermediate portion 108 extends from the transition portion 106 towards the distal
end 116 of the fitting portion 101. The intermediate portion 108 can comprise a
non-uniform cross section along the central fitting axis 118 through the
intermediate portion 108. For example, the intermediate portion 108 can be defined
by an outer diameter of the fitting body 100 that increases from the transition
portion 106 toward the distal end 116. The increase in the outer diameter through
the intermediate portion 108 can be a constant increase such that the portion of the
fitting body 100 defined by the intermediate portion 108 is a frustroconical portion
of the fitting body 100. In another example, the outer diameter increasing through
the intermediate portion 108 can be at a non-constant rate and can thus be defined

by a non-linear curve, such as an arc having a radius of curvature. The angle or
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curve of the outer diameter of the fitting body 100 in the intermediate portion 108
can be chosen based on the required clearances for a desired angular
displacement of the fitting 10 for a particular application, as will be discussed in
more detail below.

[0040] The fitting portion 101 can further comprise a sealing portion 109 operable
to seal against a surface of the fluid ports 2P, 3P. The sealing portion 109 can be
disposed on the fitting portion 101 on a distal side of the intermediate portion 108
as taken from the shoulder 102. The sealing portion 109 can comprise an annular
channel 110 provided adjacent to the intermediate portion 108. The annular
channel 110 is provided on a side of the intermediate portion 108 that is toward the
distal end 116 of the fitting portion 101. The annular channel 110 can be sized and
configured to receive and support a compliant seal 112 such as an O-ring or a
gasket. The compliant seal 112 can be configured to extend radially outward
beyond the intermediate portion 108 and beyond an end portion 114 of the fitting
portion 101. The compliant seal 112 can be operable to seal against one of the
fluid ports 2P, 3P even when a central fitting axis 118 of the fitting 10 is radially
and/or angularly offset relative to the central port axes 2A, 3A.

[0041] The fitting portion 101 can further comprise an end portion 114. The end
portion 114 extends from the sealing portion 109 to the distal end 116 of the fitting
portion 101, again as taken or measured from the shoulder 102. The end portion
114 can comprise a non-uniform cross section along the central fitting axis 118
through the end portion 114. For example, the end portion 108 can be defined by
an outer diameter of the fitting body 100 that decreases from the sealing portion
109 toward the distal end 116. The decrease in the outer diameter through the end
portion 114 can be a constant decrease such that the portion of the fitting body 100
defined by the end portion 114 is a frustroconical portion of the fitting body 100. In
another example, the outer diameter decreasing through the end portion 114 can
be at a non-constant rate and can thus be defined by a non-linear curve, such as

an arc. In some examples, the non-linear curve can be a curve comprising multiple

10
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local radii of curvature. The angle or curve of the outer diameter of the fitting body
100 in the end portion 114 can be chosen based on the required clearances for a

desired angular displacement of the fitting 10 for a particular application, as will be
discussed in more detail below.

[0042]FIG. 2 illustrates geometry for a compact blind-mate fluid fitting sized and
configured to accommodate a desired offset. As shown in FIG. 2 the central fitting
axis 118 is shown at an angle with respect to the central port axis of the port 2P.
The angle shown in FIG. 2 is selected for ease in explanation and is not meant to
be limiting in any way. The angle can be any desired angle according to a

particular application.

[0043] For this offset angle, circles 202 are shown to define the necessary
clearances for upper corners of the end portion 114 of the fitting body and lower
corners of the intermediate portion 108 of the fitting body. When the fitting 10 is
properly inserted into the port 2P, the intermediate portion 108 and the end portion
114 should not rest against a surface of the port 2P so that the compliant seal 112

can effectively seal against the port 2P.

[0044] The compliant seal 112 of the sealing portion 109 seals against the surface
of the port 2P due to the compression of the compliant seal 112 as it is forced
between the surface of the port 2P and the annular channel 110 (see FIG. 1) of the
fitting portion 101. For example, an O-ring can effectively seal between two
surfaces when it undergoes compression. Typically, industry standards call for an
O-ring to be compressed between 15%-50% to achieve an effective seal.
However, this is not to be limiting in any way as sealing can occur with the O-ring
compressed between 0% and 100%. For a given maximum offset for a particular
application, the fitting 10 can be designed and configured, such that compression
of the compliant seal 112 falls within sealing specifications of compression for that
particular compliant seal 112. When designing the fitting 10 with a particular
maximum offset, it should be done so that the compliant seal 112 falls within the

specification of compression for all angles up to a maximum offset angle based on

11
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the chosen maximum offset. When taking the compression of the compliant seal
112 into account, the dotted circles 204 define fitting parameters and clearances
that can be designed to ensure that no part of the fitting body 100 contacts the
surface of the port 2P to allow compression of the compliant seal 112. Similarly
arcs 206 can define fitting parameters and clearances of the stop surface 104 that
can be designed to facilitate compression of the compliant seal 114 at the desire
offset.

[0045] Based on the geometries described above the tapers or curves of the stop
surface 104, the intermediate portion 108, and the end portion 114 can be
designed to ensure that the fitting maintains clearance while also allowing the
compliant seal 112 to seal against the fluid port 2P. It should also be noted that the
stop surface 104, intermediate portion 108, and the end portion 114 need not be
manufactured having a curvature with the radii as shown in FIG. 2, but can also be
formed as a straight taper or other curve so long as the clearances defined by the
geometry for a given offset are maintained.

[0046] FIG. 3 illustrates geometry for a compact blind-mate fluid fitting for a desired
offset having multiple compliant seals. In FIG. 3, a blind-mate fluid fitting 30 is
provided. The fitting 30 is similar to fitting 10 in that it comprises a fitting body 300
having a fitting portion 301 and a shoulder 302. The shoulder 302 comprises a stop
surface 304, and the fitting portion comprises a transition portion 306, an
intermediate portion 308, and an end portion 314. The fitting 30 comprises a
sealing portion 209 that is provided with two compliant seals 312 between the
intermediate portion 308 and the end portion 314. The two compliant seals 312 can
provide redundancy of the sealing capability of the fitting 30. Thus, one of the
compliant seals 312 can be considered a backup compliant seal. Each of the
compliant seals 312 can be disposed in an annular channel, similar to annular

channel 110 shown in FIG. 1.

[0047] The design of the fitting 30 can be similar to the design of fitting 10 as
discussed above. However, in fitting 30, the geometry of the intermediate portion

12
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308, end portion 314, and stop surface 304 takes into account the compression of
both compliant seals 312 to ensure that both compliant seals 312 are compressed

within specifications at the desired offset angle as shown by circles 344.

[0048] FIG. 4 illustrates a compact blind-mate fluid fitting having an extended
length. In FIG. 4, a blind-mate fluid fitting 40 is similar to fittings 10, 30 described
above. In some applications fluid components 2, 3 to be mated by the fitting 40 can
be at an extended distance from one another as compared to the distance shown
in FIG. 1. Thus, the fitting 40 comprises a fitting body 400 with an extension portion
450 that lengthens the fitting 40 as compared to fittings 10, 30. The fitting body 400
further comprises first and second shoulders 402 and fitting portion 401 on both
sides of the extension portion 450. The shoulders 402 and fitting portions 401 are
similar as those described above, and thus are not described here in detail for
brevity. The extension portion 450 can be any desired length allowing the fitting 40
to be used in a variety of applications. In some examples, fittings can be used
having different lengths of the extension portion 450, or a combination of fittings
without the extension portion 450 (such as fittings 10, 30) and with the extension
portion 450 can be used depending on the configuration and array of fluid ports
and the components to be connected.

[0049] In the example shown in FIG. 4, the shoulders 402 have a larger outer
diameter than the extension portion 450. However, the extension portion 450 can
take on any geometry. For example, the extension portion 450 can have the same
outer diameter as the two shoulders 402 forming a single, extended shoulder. In

other words, the shoulder can include the extension portion 450.

[0050] In the examples described above, the fittings 10, 30, 40 are substantially
symmetrical fittings having fitting portions at both ends. FIG. 5 shows another
example of a fluid system 5 comprising a compact blind-mate fluid fitting 50 with a
fixed attachment end. In FIG. 5, the fitting 50 is provided with a fitting body 500.
The fitting body 500 has a shoulder 502 and fitting portion 501 extending from one
side of the stop 502 similar to the fittings described above. The fitting portion 501 is

13
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operable to seal against a surface of a fluid port 2P of a fluid component 2 similar
to that described above.

[0051]On an opposite side of the shoulder 502 is a fixed attachment portion 560.
The fixed attachment portion can be fixed to the second fluid component 3 such as
via fasteners 562 extending through a flanged portion 564. The fixed attachment
portion 560 can further comprise an O-ring or gasket forming the seal between the

fixed attachment portion 560 and the second fluid component 3.

[0052] The fitting portion 501 of the fitting 50 allows for sealing to the fluid port 2P
even when the second fluid component 3 is not angularly and/or radially aligned
with the first fluid component 2, as shown in FIG. 2. Thus, the fitting portion of the
fluid fittings described herein can be adapted for a variety of applications by
combining the above-described fitting portions with any other number of sealing
arrangements on the opposite side of the shoulder. Furthermore, the fluid fitting
can be integrally formed with a component of a fluid system such that the fitting

portions described above extend from a component of a fluid system.

[0053]FIG. 6 illustrates angles and distances used for calculating an offset angle
and compression of a compliant seal. As shown in FIG. 6, the fitting 10 can
comprise a distance L between the compliant seals 112 of each fitting portion 101
on the fitting body 100. The compliant seals 12 can have an inner diameter Wy and
a cross-sectional diameter Wo. In FIG. 6, the fluid port 2P and fluid port 3P are
offset from one another by a distance y. An inner diameter of the fluid ports 2P, 3P
is W.

[0054] To determine the compression ratio of the compliant seal 112 when there is
no offset between the fluid ports 2P, 3P (i.e. when the fluid ports 2P, 3P are
angularly and radially aligned), the following equation can be used:

W —Wgy

Compression Ratio =1 —
P 2(W,)

14
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[0055] To determine the angular offset angle a caused by the offset uy between the

ports 2P and 3P, the following equation can be used:

-
— cin-1
a = sin I

[0056] Based on the offset angle, the compression ratio of the compliant seal 112

at the offset can be determined as follows:

W — W, cosa
2W,

Compression Ratio at Of fset =1 —

[0057] An example will now be provided to illustrate. The fitting 10 can have the

following measurements shown in Table 1:

Table 1
Dimension | Value
L 0.257”
Wid 0.290”
Wo 0.047”

[0058] The ports 2B, 3B can have the following bore widths and can be offset as

follows:

Table 2
Dimension | Value
W 0.350”
u 0.030”

[0059] In this example, the compliant seal 112 of the fitting 10 undergoes 36.2%
compression if it seals against the port without any offset (i.e. when it is angularly
and radially aligned). When there is a 0.030” offset, the offset angle a between the
central fitting axis 118 and the central port axis 2A is about 6.7 degrees. At this
offset, the compliant seal 112 of the fitting undergoes 34.1% compression. Thus, in
this example, the compression of the compliant seal 112 is within sealing
specifications and will seal against the surface of the fluid ports 2P, 3P even when
the fluid ports 2P, 3P are offset.
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[0060]FIG. 6 also illustrates angles and distances used for calculating a radius of
curvature to provide clearance for the fitting. As explained above, the fitting portion
101 is configured to provide clearance even when the fluid ports 2P, 3P are not
aligned. This clearance can be calculated based on a maximum offset between the
fluid ports and an outer diameter of the compliant seal.

[0061]In one example, a desired clearance o can be set between an inner surface
of the ports 2P, 3P and the fitting portion 101. A chamfer radius rc on, for example,
the end portion 114 of the fitting portion 101 can be formed in order to maintain the
clearance o even when the ports 2P, 3P are misaligned. Thus, the chamfer radius
re can be based on a maximum expected offset y between fluid ports 2P, 3P, the
offset angle a, a radius r, of the distal end 116 of the fitting portion 101, and the

desired clearance ¢ as shown below.

ucosa
T, =

+1r,to

[0062] Reference was made to the examples illustrated in the drawings and
specific language was used herein to describe the same. It will nevertheless be
understood that no limitation of the scope of the technology is thereby intended.
Alterations and further modifications of the features illustrated herein and additional
applications of the examples as illustrated herein are to be considered within the
scope of the description.

[0063] Although the disclosure may not expressly disclose that some embodiments
or features described herein may be combined with other embodiments or features
described herein, this disclosure should be read to describe any such combinations
that would be practicable by one of ordinary skill in the art. The use of “or” in this
disclosure should be understood to mean non-exclusive or, i.e., “and/or,” unless

otherwise indicated herein.

[0064] Furthermore, the described features, structures, or characteristics may be
combined in any suitable manner in one or more examples. In the preceding

description, numerous specific details were provided, such as examples of various
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configurations to provide a thorough understanding of examples of the described
technology. It will be recognized, however, that the technology may be practiced
without one or more of the specific details, or with other methods, components,
devices, etc. In other instances, well-known structures or operations are not shown

or described in detail to avoid obscuring aspects of the technology.

[0065] Although the subject matter has been described in language specific to
structural features and/or operations, it is to be understood that the subject matter
defined in the appended claims is not necessarily limited to the specific features
and operations described above. Rather, the specific features and acts described
above are disclosed as example forms of implementing the claims. Numerous
modifications and alternative arrangements may be devised without departing from

the spirit and scope of the described technology.
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CLAIMS
What is claimed is:

1. A blind-mate fluid fitting comprising:

a shoulder comprising a stop surface operable to interface with a surface of
a first component having a fluid port defining a central port axis of the
fluid port, and

a fitting portion extending from one side of the shoulder and operable to be
inserted into the fluid port, the fitting portion defining a central fitting axis,
the fitting portion comprising:

a sealing portion comprising an annular channel and a compliant seal
disposed in the annular channel, the compliant seal operable to seal
against the fluid port when the central fitting axis is positioned at a
zero angle and at least one of a plurality of different non-zero angles
relative to the central port axis;

an end portion extending from the sealing portion and defining a distal
end, the end portion comprising a decreasing non-uniform cross-
section along the central fitting axis from the sealing portion to the
distal end, the end portion being operable to provide clearance
between the fitting portion and the fluid port when the central fitting
axis is positioned at one of the plurality of different non-zero angles
relative to the central port axis; and

an intermediate portion extending from the sealing portion, the
intermediate portion comprising a decreasing non-uniform cross-
section along the central fitting axis from the sealing portion towards
the shoulder, the intermediate portion being operable to provide
clearance between the fitting portion and the fluid port when the
central fitting axis is positioned at one of the plurality of different non-

zero angles relative to the central port axis.
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2. The blind-mate fluid fitting of claim 1, wherein the fitting portion further
comprises a transition portion between the intermediate portion and the

shoulder.

3. The blind-mate fluid fitting of claim 1, wherein the sealing portion comprises
5 a secondary compliant seal disposed in a secondary annular channel,
the secondary compliant seal operable to provide redundancy to seal

against the fluid port.

4. The blind-mate fluid fitting of claim 1, further comprising a symmetrical fitting
portion extending from an opposite side of the shoulder, the symmetrical
10 fitting portion operable to be inserted into a fluid port of a second

component to seal against the fluid port of the second component.

5. The blind-mate fluid fitting of claim 4, wherein the symmetrical fitting portion
is operable to seal against the fluid port of the second component when
a central fitting axis of the second component is positioned at a zero
15 angle and at least one of a plurality of different non-zero angles relative
to the central port axis.

6. The blind mate fluid fitting of claim 1, further comprising a fixed attachment
portion extending from an opposite side of the shoulder, the fixed
attachment portion being operable to be fixed to and sealed against a
20 second component.

7. The blind mate fluid fitting of claim 1, further comprising an extension
portion.

8. The blind mate fluid fitting of claim 7, wherein the extension portion forms
part of the shoulder.

25 9. The blind mate fluid fitting of claim 7, further comprising a second shoulder,
the shoulder being disposed on a first side of the extension portion and
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the second shoulder being disposed on a second side of the extension

portion opposite the first side.

10. The blind mate fluid fitting of claim 1, wherein the decreasing non-uniform
cross-section of the end portion forms a frustoconical portion of the fitting
portion.

11. The blind mate fluid fitting of claim 1, wherein the decreasing non-uniform
cross-section of the end portion comprises an outer diameter defined by
an arc having a radius of curvature from sealing portion to the distal end.

12. The blind mate fluid fitting of claim 1, wherein the decreasing non-uniform
cross-section of the intermediate portion forms a frustoconical portion of

the fitting portion.

13. The blind mate fluid fitting of claim 1, wherein the decreasing non-uniform
cross-section of the intermediate portion comprises an outer diameter
defined by an arc having a radius of curvature from sealing portion

toward the shoulder.

14. A fluid system comprising:
a first component comprising a fluid port defining a central port axis of the
fluid port and an outer surface; and
a blind-mate fluid fitting comprising:
a shoulder comprising a stop surface operable to interface with the outer
surface of the first component, and
a fitting portion extending from one side of the shoulder and operable to
be inserted into the fluid port of the first component, the fitting portion
defining a central fitting axis, the fitting portion comprising:
a sealing portion comprising an annular channel and a compliant seal
disposed in the annular channel, the compliant seal operable to

seal against the fluid port when the central fitting axis is positioned
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at a zero angle and at least one of a plurality of different non-zero
angles relative to the central port axis;

an end portion extending from the sealing portion and defining a

distal end, the end portion comprising a decreasing non-uniform
cross-section along the central fitting axis from the sealing portion
to the distal end, the end portion being operable to provide
clearance between the fitting portion and the fluid port when the
central fitting axis is positioned at one of the plurality of different

non-zero angles relative to the central port axis; and

an intermediate portion extending from the sealing portion, the

intermediate portion comprising a decreasing non-uniform cross-
section along the central fitting axis from the sealing portion
towards the shoulder, the intermediate portion being operable to
provide clearance between the fitting portion and the fluid port
when the central fitting axis is positioned at one of the plurality of
different non-zero angles relative to the central port axis.

15. The fluid system of claim 14, further comprising a second component

comprising a fluid port defining a central port axis of the fluid port and an

outer surface, the blind-mate fluid fitting connecting the second

component to the first component.

16. The fluid system of claim 15, wherein the blind-mate fluid fitting further

comprises a symmetrical fitting portion extending from an opposite side

of the shoulder, the symmetrical fitting portion operable to be inserted

into the fluid port of the second component to seal against the fluid port

of the second component.

17.The fluid system of claim 16, wherein the symmetrical fitting portion is

operable to seal against the fluid port of the second component when a

central fitting axis of the second component is positioned at a zero angle
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and at least one of a plurality of different non-zero angles relative to the

central port axis.

18. The fluid system of claim 15, wherein the blind-mate fluid fitting further
comprises a fixed attachment portion extending from an opposite side of
the shoulder, the fixed attachment portion being operable to be fixed to
and sealed against the second component.

22



WO 2023/009205 PCT/US2022/031495

1/6

101

FIG. 1



PCT/US2022/031495

WO 2023/009205

216

c0¢

90¢

gL~

cOl

¢ 9ld

902

4V4




WO 2023/009205 PCT/US2022/031495

3/6




WO 2023/009205 PCT/US2022/031495

4/6

FIG. 4

401

—
<
F



PCT/US2022/031495

WO 2023/009205

5/6




PCT/US2022/031495

WO 2023/009205

dd

44




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2022/031495

A. CLASSIFICATION OF SUBJECT MATTER
INV. F16L21/035 F16L27/02

ADD.

F161L27/10

F16L27/113 Fl16L25/14

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Fl6L

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 2014/148992 Al (SCANIA CV AB [SE]) 1,2,4,5,
25 September 2014 (2014-09-25) 7,8,

10-17

Y page 10, line 12 - page 12, line 13; 3,6-9,18
figure 3b

X WO 2014/148982 Al (SCANIA CV AB [SE]) 1-3,14
25 September 2014 (2014-09-25)

Y figures 1la,1b 3

Y DE 10 2007 053002 Al (VIEGA GMBH & CO KG 3,7-9
[DE]) 14 May 2009 (2009-05-14)
paragraphs [0030] - [0046]; figure 2a

Y KR 2020 0099436 A (KOREA GAS CORP [KR]) 6,18
24 August 2020 (2020-08-24)
paragraphs [0020] - [0061]; figure 4

I:‘ Further documents are listed in the continuation of Box C.

‘z‘ See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance;; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance;; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

5 September 2022

Date of mailing of the international search report

13/09/2022

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Fromentel, Henri

Form PCT/ASA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2022/031495
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2014148992 Al 25-09-2014 DE 112014001073 T5 12-11-2015
SE 1350354 a1 23-09-2014
WO 2014148992 A1l 25-09-2014
WO 2014148982 Al 25-09-2014 DE 112014001063 T5 12-11-2015
SE 1350337 a1 20-09-2014
WO 2014148982 Al 25-09-2014
DE 102007053002 A1l 14-05-2009 DE 102007053002 A1l 14-05-2009
DE 102007063641 Al 04-06-2009
KR 20200099436 A 24-08-2020 NONE

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - wo-search-report
	Page 32 - wo-search-report

