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(57) Abstract: Various connectors are disclosed. The connectors include a sealing assembly for providing a seal around a cable ex-
tending through the connector. The sealing assembly can include a moveable shuttle, a stop component, and a sealing boot. The sealing
boot can be compressed between the stop component and the shuttle, such as a sleeve of the shuttle. The sealing boot can be configured
to change shape (e.g., buckle) around the cable in response to movement of the shuttle. The change in shape of the sealing boot can
facilitate sealing around the cable. The connector can be configured to inhibit or prevent the sealing boot from being extruded out of
position in response to a pressure gradient between first and second ends of the connector.
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CONNECTOR WITH SEALING BOOT AND MOVEABLE SHUTTLE

BACKGROUND
Field
(6801} This disclosure relates to connectors, such as electrical connectors. In
some embodiments, this disclosure relates to devices, systems, and methods for providing a
fluid, pressure, or other type of seal, within a connector,

Description of Certain Art

16682} Connectors are used in a wide variety of applications. As one example, an
electrical connector can be used to join an clectrical conductor of a cable or wire to another
electrical conductor of another cable or wire to establish an electrical circuit for transmission
of power, data, or other signals between the two electrical conductors. As other examples,
pneumatic or hydraulic connectors can be used to connect a pnewmatic or hydraulic line or
hose to another pneumatic or hydraulic line or hose to establish a fluid connection between
the two lines or hoses.

SUMMARY OF CERTAIN FEATURES

16803} This application describes various comnectors. In some embodiments, the
connectors are electrical connectors that are configured to join an electrical conductor fo
another electrical conductor to establish an electrical circuit for transmission of power, data,
or other signals between the two electrical conductors. In some embodiments, the connectors
are used to facilitate other types of connections, such as hydraslic or pneumatic connections.
In some embodiments, the connectors are configured for use in harsh environments, such as
within the downhole environment of g well. In certain embodiments, the connectors can be
configured to withstand harsh conditions, such as high and/or low temperatures and
pressures, large fluctuations in teroperature and pressure, exposure to fluids (including
corrosive fluids), and/or exposure to abrasive particles.

[6804] In some cmbodiments, the connectors include a housing. One or more
conduits, wires, or cables (such as electrical wires or cables, hydraulic or pnesmatic lines or
hoses, etc.) can extend into an interior of the housing. The cables can connect to a receptacle

assembly within the interior of the housing. In some embodiments, the receptacle assembly
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extends through the housing such that at least a portion of the receptacle assembly is external
to the housing. The receptacle assembly can include a socket, plug, or other connection
structure. The socket, plug, or other connection structure can be positioned on an external
portion of the receptacie assembly. The socket, plug, or other connection structure can be
configured to attach the connector to another system or device, such as another connector.
The connectors can be configured to establish a connection between the cables and the
receptacle assembly, and the receptacle assembly can be used to attach the connector to
another system or device to establish a connection between the cables and the other system or
device.

6805} In some embodiments, the connectors include a sealing assembly. The
scaling assembly can be configured to create a seal that preveunts, substantially prevents,
reduces, substantially reduces, limits, or substantially limits the movement of liguid, gases,
particles, debris, dust or other things across the seal and/or through the connector. In some
embodiments, the sealing assembly creates a pressure seal and/or a liquid seal. In some
embodiments, the sealing assembly creates a seal around the cables that extend into and/or
through the housing. In some embodiments, the sealing assembly creates a seal between the
exterior of the connector and the receptacle assembly. The sealing assermbly can be
positioned within the interior of the housing. The sealing assembly can be positioned between
a point at which the cables enter the interior of the housing and the receptacle assembly. The
cables can extend through the sealing assembly.

8606] In some embodiments, the sealing assembly includes a shuttle. The shuttle
can include one or more bores extending longitudinally or axially therethrough. The bores
can be parallel. The number of bores can correspond to the number of cables. Each cable can
extend through one of the bores of the shuitle. The shuttle can be configured to move
backwards and forwards (in a longitudinal or axial direction} along the cables.

16667} In certain implementations, the sealing assembly includes one or more
sealing boots. A sealing boot can be positioned within some or each of the bores of the
shuttle. The sealing boot can comprise a body having a channel formed therethrough. The
channel of the sealing boot can receive one of the cables. Each sealing boot can be positioned

within a respective bore of the shuttle. The number of sealing boots can correspond to the
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number of bores and the number of cables. The sealing boots can be made from a rubber,
elastomeric, or other similar or suitable material.

18668} The body of the sealing boots can be configured to collapse or buckle
when the sealing boot is compressed in a longitudinal or axial direction. For example, in
some embodiments, wheo compressed in the longitudinal or axial ditrection, the length of the
sealing boots decreases, the outside diameter of the body of the sealing boots increases and/or
the inside diameter of the channel of the sealing boots decreases. In some embodiments, the
sealing boots are configured o collapse around and/or form a seal against the cables when
compressed. In sorne embodiments, an outer surface of the sealing boots has a jagged, wavy,
discontinuous, and/or accordion-like profile to facilitate collapsing of the sealing boots.

(6609} In some embodiments, the length of the sealing boots is less than the
length of the bores of the shuttle, such that the sealing boots can be positioned entirely within
the bores of the shuttle. The sealing boots can surround the cables at a location that is internal
to the shuttle. The bores of the shuttle can each include a shoulder. A first end of each of the
sealing boots can engage (e.g., abut against) the shoulder within the bores. The shoulder can
be configured such that longitudinal or axial movement of the shuttle can apply a longitudimal
or axial force to the first end of each of the sealing boots.

16610} The sealing assembly can include one or more slecves. The number of
sleeves can correspond to the number of sealing boots, the number of bores, and the number
of cables. The sleeve can comprise a body having an aperture formed therethrough. The
aperture can receive one of the cables. The body of the sleeve can be substantially rigid. In
some embodiments, the body of the sleeve does not substantially compress under longitudinal
or axial forces. A first end of the sleeve can be positioned within one of the bores of the
shuttle. In some embodiments, a portion of each sleeve extends at least partially into a
corresponding bore of the shuttle. The first end of the sleeve can engage (e.g., abut against) a
second end of a corresponding sealing boot. In the longitudinal or axial direction, each of the
sealing boots can be positioned between a corresponding sleeve and a corresponding shoulder
of a bore of the shuttle.

{8611} In some variants, a second end of the sleeve engages (e.g., abuts against or

is fixed within} a stop component. The stop component can be substantially fixedly
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positioned within the housing. The stop component can be configured to substantially limit or
prevent movement of the sleeve in an axial or longitudinal direction. The stop component can
include one or more openings, the cables extending therethrough.

16812} In some embodiments, when the shuttle moves in the longitudinal
direction towards the stop component, the sealing boot can be longitudinally compressed
between the sleeve and shoulder. This can cause the boot to collapse around the cables,
thereby forming a seal around the cable.

6613} The sealing assembly can include a biasing member (e.g., a spring). The
spring can be positioned within the housing. The spring can bias the shuttle in the
longitudinal or axial direction towards the stop component.

6814} In certain implementations, instead of or in addition to being placed within
the shuttle, the sealing boots can be positioned within some or each of openings within the
shuttle and the sleeves can extend from the shuttle. With the sealing boots be positioned
within an opening of the stop component, the sleeves can extend into the opening to engage
the sealing boots. Movement of the shuttle {e.g., by the biasing member) towards the stop
component can carry the sleeves into contact with the sealing boots and compress or buckle
the sealing boots and thereby creating a seal between the stop component and the cable
within the opening. The number of sealing boots can correspond to the number of openings
and the number of cables. The sealing boots can be made from a rubber, elastomeric, or other
similar or suitable material,

[6015] As mentioned above, in some embodiments, the connectors are configured
for use in harsh environments. Several embodiments of the connectors are configured to be
subjected to high and/or low temperatures and pressures, large fluctuations in temperature
and pressure, exposure to fluids {e.g., corrosive fluids}, and/or exposure to abrasive particles.
Several embodiments are configured for use with a large pressure gradient between one end
of the connector and the other end of the connector. For example, some embodiments are
configured for use with a pressure gradient of up to about 3,000 psi. Certain variants are
configured for use with a pressure gradient of up to about 5,000 psi. In several embodiments,

the connectors can provide a seal, such as around the cables. The seal can inhibit or prevent
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pressure from one end of the connector {e.g., at well pressure) from being transferred to the
other end of the connector (e.g., at approximately atmospheric pressure).

{8616} As comnectors are exposed to a range of temperatures and pressures, the
components of the connectors are subjected to varying forces and thermal expansion and
contraction. The components of the comnectors may be made from materials that have
different and varied thermal expansion coefficients and thus may expand or contract ©
different degrees and/or at different rates. For example, several of the components may be
made from metals, alloys, or other similar materials, while other components may be made
from rubbers, clastomers or other similar materials; the thermal expansion coefficient
between these components may vary dramatically, for example, by a factor of ten.
Accordingly, it can be difficult to maintain effective sealing over a range of pressures and
temperatures, since seals that function at one pressure and temperature may not function well
at another pressure and temperature. In some embodiments, the connectors include a
moveable shuttle and collapsible sealing boots. When certain embodiments of the connectors
are exposed to a range of pressures and ternperatures, and the components experience varying
forces and thermal expansion, the shuttle can move and the sealing boots can collapse or
buckle around the cables to different positions and degrees. This can enable the connector fo
automatically adjust for changes in the pressure and/or to maintain an efficient seal around
the cables in g variety of situations.

16617} In sorue embodiments, the conuectors can be configured to compensate for
changes in temperature. As described above, the components of connectors expand and
contract at different rates due to the different thermal expansion ceefficient of the
components and/or varying other forces on the components. In some known connectors, this
can cause the sealing or contact pressure of seals within the comnectors to vary widely. In
some instances, the sealing or contact pressure can increase to a degree that it damages the
cables around which the seals are formed. In certain embodiments, the conmectors can remedy
such problems, such as with the moveable shuttle and collapsible sealing boots. In response
to a change in temaperature and/or pressure, the shuttle can move and the sealing boots can
collapse or buckle to different positions and/or different degrees. This can enable the

conunectors  to  automatically compensate for changes in  temperature. Tn  some
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implementations, the connectors can maintain a relatively constant sealing or contact pressure
on the cables. In some embodiments, the connectors can provide a seal around the cables
without damaging the cables over a wide range of temperatures and/or pressures.

16618} According to certain embodiments, the connectors can be configured to
prevent or reduce the likelihood that the rubber or elastomeric sealing components will be
extruded out from their positions or otherwise damaged by pressure differentials to which the
connectors are exposed. As stated above, the components of connectors expand and contract
to different degrees and different rates due to the different coefficients of thermal expansion
of the materials used and/or are acted on by varying other forces, such as pressure gradients.
In some known connectors, a rubber or elastomeric sealing component can be positioned in a
gap, such as an annular space between mating components. As the components expand and
contract, or are moved by other forces, the size of the gap may vary. The gap may become
sutficiently large that a pressure differential can extrude or force the rubber or elastomeric
sealing component through the gap. When this occurs, the sealing component may no longer
provide an effective seal and can be damaged or destroyed. In several embodiments, the
connectors disclosed herein are configured to maintain an effective seal even when subjected
to large pressure gradients,

(6019} As mentioned above, in some embodiments, the connectors include
sealing assemblies having rubber or elastomeric sealing boots. The sealing boots can be
positioned within a bore of a shuitle and between a shoulder of the bore and a sleeve that
extends partially into the bore. The sleeve and the shuttle can be made from materials with
substantially the saroe or the same coefficients of expavsion such that the sleeve and shuttle
expand and contract to similar degrees and at similar rates. In various embodiments, a gap
between the sleeve and the shutile may remain substantially constant in size and/or
proportion, even as these components expand and contract. This can prevent or reduce the
likelihood that the sealing boot will be extruded or forced through the gap between the sleeve
and the shuttle. In several embodiments, the sealing boot can be collapsible such that an outer
diaroeter of the sealing boot can increase (as the sealing boot collapses or buckles). Such a
change in the outer diameter of the sealing boot can prevent or reduce the likelihood that the

sealing boot will be extruded or forced through the gaps between the sleeve and the shuttle.
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16828] In certain embodiments, the connectors can advantageously be used with
cables of different sizes or diameters. As previously stated, the connectors can include
collapsible sealing boots. In some embodiments, the inner diameter of a channel through the
sealing boot decreases as the sealing boot collapses or buckles. This can enable the sealing
boot to provide a seal around a variety of cable sizes. This can be particularly advantageous
because cables of similar gauges may have varying outside diameters, depending, for
example, on the thickness of various internal surrounding and/or protective layers of the
cables and/or the particular manufacturer of the cables. Some known connectors are typically
designed for use with specitic gauge cables, but can fail to provide efficient seals {even when
used with the specified gauge) due to small differences between cables provided by different
manufacturers. In some embodiments, the connectors can readily adapt to various cable sizes
so that the connectors can be used with various cables, regardiess of cable manufacturer.

16821 The foregoing is a summary and contains simplifications, generalization,
and omissions of detail. The summary is illustrative only and is not intended to be hinuting.
Other aspects, features, and advantages of the systems, devices, and methods and/or other
subject matter described in this application will become apparent in the teachings set forth
below. The summary is provided to introduce a selection of some of the concepts in a
simaplified form that are further described below in the Detailed Description. The summmary is
not intended to identify key or essential features of any subject matter described herein,

BRIEF DESCRIPTION OF THE DRAWINGS

[8622] The features and advantages of the systems, devices, and methods of the
connectors described herein will become apparent from the following description, taken in
conjunction with the accompanying drawings. These drawings depict several embodiments in
accordance with the disclosure. The drawings are not to be considered limiting. In the
drawings, similar reference numbers or symbols typically identify similar components, unless
context dictates otherwise.

16823] FIG. 1A is an isomeiric view of an embodiment of a connector.

16624] FIG. 1B is a longitudinal cross-sectional view of the connector of FIG. 1A,

16625] FIG. 2 is an isometric view of an embodiment of certain internal

components of the connector of FIG. 1A illustrated with a housing removed.
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16826] FIG. 3 is an exploded isometric view of some of the internal components
of FI1G. 2.

68271 FI1G. 4A 15 an isometric exploded view of components of an embodiment
of the housing of the connector of FIG. 1A.

166281 FIG. 4B is a longitudinal cross-sectional view of the housing of the
connector of FIG. 1A in an assembled state.

16629} FIGS. 5A and 5B are first and second isometric views of an embodiment
of a shuttle of the connector of FIG. 1A,

[6836] FIG. 5C is a longitudinal cross-sectional view of the shuttle of FIGS. 5A
and 5B.

(6831} FIG. 6A is an 1sometric view of an embodiment of a sealing boot of the
connector of FIG. 1A,

166321 FIG. 6B is a longitudinal cross-sectional view the sealing boot of FIG. 6A.

[6833] FIG. 7A is an exploded isometric view of an embodiment of a sleeve of
the connector of FIG. TA,

[6634] FIG. 7B is a longitudinal cross-sectional view of the sleeve of FIG. 7A.

[6835] FIGS. 8A and 8B are first and second isometric views of an embodiment
of a stop component of the connector of FIG. 1A,

(6636} FIG. 8C i3 an exploded isometric view of the stop component of FIGS, A
and §B.

16637} FI1G. 8D is a longitudinal cross-sectional view of the stop component of
FIGS. 8A and 8B.

[6838] FIGS. 9A and 9B are first and second isometric views of an embodiment
of a receptacle assembly of the connector of FIG. 1AL

6839} FIG. 9C 1s a longitudinal cross-sectional view of the receptacle assembly
of FIGS. 9A and 9B.

[6846] FIG. 10A is a longitudinal cross-sectional detail view of an embodiment of

a sealing assembly of the connector of FIG, 1A, illustrated with the shuttle in a first position.
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16841 FIG. 10B is a longitudinal cross-sectional detail view of an embodiment of
the sealing assembly of the connector of FIG. 1A, illustrated with the shuttle in a second
position.

[6842] FIG. 11A 18 a longitudinal cross-sectional view of another embodiment of
a connector.

16843] FIG. 11B is an isometric view of an embodiment of cerfain intemnal
components of the connector of FIG. 11 A illustrated with a housing removed.

(6844} FI1G. 11C is an isometric exploded view of an embodiment of a shuttle of
the connector of FIG. T1A.

[6845] FIG. 12A 18 a longitudinal cross-sectional view of another embodiment of
a cormector n a first configuration.

[6646] FIG. 12B is a longitudinal cross-sectional view of the embodiment of
FIG. 12A in a second configuration.

(6847} FIG. 13 is an isometric view of the embodiment of FIG. 12A iHustrated
with a housing removed.

168481 FIG. 14A i3 an isometric exploded view of certain components of the
embodiment of FIG. 12A,

16649 FIG. 148 is another isometric exploded view of certain components of the
embodiment of FIG. 12A.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

16850] The various features and advantages of the systems, devices, and methods
of the connectors described berein will become wore fully apparent from the following
description of the several specific embodiments illustrated in the figures. These embodiments
are intended to illustrate the principles of this disclosure, and this disclosure should not be
limited to merely the illusirated examples. The features of illustrated embodiments can be
rodified, combined, removed, and/or substituted as will be apparent to those of ordinary skiil
in the art upon consideration of the principles disclosed herein.

Orverview (FIGS, 1A-3)

16858 FIG. 1A illustrates an embodiment of a connecior 100, The connector 100

can be any type of connector, including an electrical connector, a hydraulic connector, a
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pneumatic connector, or other type of connector. In the llustrated embodiment, the
connector 100 is an electrical connector. The connector 100 has a first end 102 and a second
end 104 and extends generally along an axis 10. The axis 10 extends in a longitudinal (also
referred to as an axial) direction.

(6052} In some instances, the connector 100 can be used in harsh environments.
As one example, in the oil and gas industry, the connector 100 can be used to connect to
equipruent (such as an electric submersible pump (ESP)) within a well. The connector 100
can be used for delivery of power and/or data to the ESP. The downhole environment of a
well can be particularly harsh, experiencing bigh and/or low temperatures and pressures,
large fluctuations in temperature and pressure, exposure to fluids (including corrosive fluids),
and exposure to abrasive particles.

186531 The connector 100 includes a housing 400. The housing 400 can be
substantially or generally cylindrical, although other shapes are possible. The housing 400
extends between a first end 402 and a second end 404. The housing 400 is shown in greater
detail in FIGS. 4A and 4B, which are described below.

6654} A cable bundle 20 can extend into the interior of the housing 400 through
the first end 402 of the housing 400 at the first end 102 of the connector 100, In certain
embodiments, the cable bundie 20 can include a first cable 22, a second cable 24, and a third
cable 26, as shown, for example, in FIGS. 1B and 2. In the llustrated embodiment, the one or
more cables 22, 24, 26 are clecirical wires or cables that include an electrical conductor for
transmitting power, data, or another electrical signal. In some embodiments, the
connector 100 is configured to connect and deliver power to a three-phase motor, and each of
three conduits (the first cable 22, the second cable 24, and the third cable 26) corresponds to
one phase of the motor. In some embodiments, the three-phase motor is part of an ESP. In
some embodiments, the one or more cables 22, 24, 26 can mnclude hydraulic or pneumatic
hoses or lines. In some embodiments, other numbers of cables 22, 24, 26 can be included. For
example, the connector 100 can be used with one, two, three, four, five, six, seven, eight or
cables 22, 24, 26, In some embodiments, the cable bundle 20 includes only a single cable.
The cable bundle 20 and/or the one or more cables 22, 24, 26 can be protected by a flexible

sheath 21. Only a portion of the cable bundle 20, the cables 22, 24, 26, and the sheath 21 are

-10-
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itlastrated in FIG. 1A, The connector 100 can be used with a cable bundle 20 and/or one or
more cables 22, 24, 26 of any length. The sheath 21 can extend over any portion of the length
of the cable bundle 20 and/or the one or more cables 22, 24, 26.

[BG55] The connector 100 includes a receptacle assembly 900. The receptacle
assernbly 900 can be positioned at the second end 104 of the connector 100. As shown, a
portion of the receptacle assembly 900 extends outwardly from the second end 404 of the
housing 400. The receptacle assembly 900 jucludes a socket 902. The socket 902 can be
external to the housing 400. In the illustrated embodiment, the socket 902 includes three
holes 904. Each hole 904 can be configured to receive a pin or plug on a corresponding
connector (not shown). In some embodiments, gach hole 904 corresponds to one of the first
cable 22, the second cable 24, and the third cable 26 such that an electrical connection can be
established with the first cable 22, the second cable 24, and the third cable 26 through the
corresponding hole 904. The receptacle assembly 900 and the socket 902 are configured fo
allow the connector 100 to connect to a corresponding connector or other structure. Although
the receptacle assembly 900 is illustrated with a female socket 902, other structures can also
be used. For example, the receptacle assembly 900 can include a male plug. In some
embodiments, the connector 100 includes a cap (not shown) that can be installed over the
exposed end of the receptacle assembly 900. The cap can protect the receptacie assembly 900
when the receptacle assembly 900 is not connected to another connector. The receptacle
assembly 900 is described in greater detail with reference to FIGS, 9A-9C below.

[6856] Although not shown in FIG, 1A, the connector 100 can include a sealing
assernbly 300 positioned within the housing 400 (see, for example, FIGS. 1B and 1C). As
will be described in greater detail below, the sealing assembly 300 can inchide a moveable
shuttle 500 that is configured to move back and forth longitudinally along the axis 10 within
the housing 400. As shown in FIG. 1A, the connector 100 can include one or more set
screws 106, In the illustrated embodiment, two set screws 106 are included. The set
screws 106 can extend partially through an opening or slot 406 formed through the
housing 400 and into the shuitle 500. When installed, the set screws 106 may inhibit or
prevent the shuttle 500 from moving within the housing 400. In some embodiments, one of

the set screws 106 can be removed to provide a configuration that partially limits the

-1i-
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movement of the shuttle 500 within the housing 400. For example, in some embodiments,
with only a single set screw 106 installed, the movement of the shuttle 500 is limited to
approximately the length of the slot 406, The shuttle 500 is described in greater detail below.

18657} As shown in FIG. 1B, the cable bundle 20 (including the first cable 22 and
the second cable 24, which are visible in FIG. 1B (the third cable 26 13 not visible in this
view)) extend through the first end 402 of the housing 400 and into the interior of the
connector 100. A ferrule 170 can be positioned i the second end 402 of the housing 400 and
the cable bundle 20 can extend through the ferrule 170. In some embodiments, the ferrule 170
is configured to it tightly around cable bundle 20 or the sheath 21. The ferrule 170 can
provide a seal or barrier that prevents, limits, or reduces liquid or particles from entering the
interior of the connector 100, In some embodiments, the ferrule 170 comprises a metal, alloy,
or other similar or suitable material. In some embodiments, the ferrule 170 comprises a
rubber, elastomeric, or other similar or suitable material. The cable bundle 20 and/or the
cables 22, 24, 26 extend through the interior of the housing 400 to the receptacle assembly
900. The cables 22, 24, 26 terminate at a connection assembly 906 which provides an
electrical commection to the socket 904. The receptacle assembly 900, including the
connection assembly 906, is described in greater detail below with reference to FIGS. SA
and 9B.

[6658] Within the interior of the housing 400, the cables 22, 24, 26 extend
through the sealing assembly 300. The sealing assembly 300 can be positioned between the
receptacle assembly 900 and the first end 402 of the housing 400. As will become more
apparent from the following description, the sealing assembly 300 can be configured to create
a seal around each of the cables 22, 24, 26. The seal can be a liquid seal or a pressure seal. In
some embodiment, the seal prevents, substantially prevents, reduces, substantially reduces,
limits, or substantially limits the movement of liquid, gases, particles, debris, dust, or other
things, across the seal and/or through the connector 100.

16659 As illustrated, the sealing assembly 300 can include a biasing member,
such as a spring 150, The spring 150 can be positioned between the first end 402 of the
housing 400 and the shuttle 500. The spring 150 can be configured to bias the shuttle 500

toward the stop component 800. The spring 150 can be a linear coil spring, although other
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types of springs are possible. In some embodiments, the spring 150 comprises a plurality of
springs. In some embodiments, the spring 150 can be positioned between the shuttle 500 and
the stop component 800. The spring 150 can be configured to encourage the shuttle 500 in the
direction of the stop component 800 and/or the sleeve 700. For example, the spring 150 can
provide a compressive force that pushes, or a tensile force that pulls, the shuttle 500 towards
the stop component 800 and/or the sleeve 700.

[8868] As shown in FIG. 2, in which the housing 400 has been removed for
purposes of presentation, the first, second and third cables 22, 24, 26 of the cable bundle 20
and the sheath 21 extend through the ferrule 170 at the first end 102 of the connector 100. As
shown, the first, second and third cables 22, 24, 26 can be aligned closely together in a single
plane within the cable bundle 20 as they pass through the first end 102 of the connector 100,
A portion of the cable bundle 20 and/or the first, second and third cables 22, 24, 26 can
extend through the interior of the spring 150, such that the spring 150 encircles the first,
second and third cables 22, 24, 26. The sheath 21 may extend only partway into the interior
of the housing 400. Upon exiting the sheath 21, first, second and third cables 22, 24, 26 can
be redirected into a generally triangular arrangement for passage through the shuttle 500, and
stop component 800. Each of the first, second and third cables 22, 24, 26 can pass through a
corresponding sleeve 700 between the shottle 500 and the stop component 800. In some
embodiments, the sleeves 700 extend between the shuttle 500 and the stop component 800
and are at least partially received within the shuttle 500 and the stop component 800.
Although not visible in FIG, 2, the first, second and third cables 22, 24, 26 each extend
through a sealing boot 600 that is positioned within the shuttle 500. The sealing boots 600
can be configured to buckle or collapse around the first, second and third cables 22, 24, 26 to
create g seal around first, second and third cables 22, 24, 26.

6861} FI(. 3 is an exploded isometric view of some of the internal components
of the conmector 100. The cable bundle 20, the cables 22, 24, 26, and the ferrule 170 are not
shown in FIG. 3 for purposes of presentation. As illustrated, the sealing assembly 300
includes the shuttle 500, a plurality of sealing boots 600 (three sealing boots 600 are
ithustrated in FIG. 3, although other numbers are possible), a plurality of sleeves 700 (three

sieeves 700 are ilustrated in FIG. 3, although other numbers are possible), and a stop
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component 800. An embodiment of the shattle 500 will be described in greater detail with
reference to FIGS. 5A-5C. An embodiment of a sealing boot 600 will be described in greater
detail with reference to FIGS. 6A and 6B. An embodiment of a sleeve 700 will be described
in greater detail with reference to FIGS. 7A and 78. An embodiment of the stop 800 will be
described in greater detail with reference to FIGS. 8A-8D.

(6662} As noted previously, in some embodiments, the connector 100 is exposed
o a range of temperatures and/or pressures. The sealing assernbly 300 cau be configured to
provide a seal around the cables 22, 24, 26 over a wide range of temperatures and/or
pressures. In some embodiments, the position of the shuttle 500 moves to compensate for
changes in temperature and/or pressure (compare, for example, the position of the shuttle 500
in FIGS. 10A and 10B, described below). In some embodiment, as the position of the
shuttle 500 moves, the sealing boots 600, positioned within the shuttle 500, are compressed
between the shuttle 500 and the sleeves 700. As the sealing boots 600 are compressed, the
sealing boots 600 can buckle or collapse around the cables 22, 24, 26 forming a seal around
the cables 22, 24, 26, In various embodiments, the sleeves 700 have ends that are received in
the shuttles 500 and that engage (e.g., contact) the sealing boots 6030. As discussed in more
detail below, this can inhibit or prevent the sealing boots 600 from being extruded out of
position when exposed to a large pressure differential.

(6663} In some embodiments, movement of the shuttle 500 may be caused by
thertoal expansion and/or contraction of one or more of the components of the connector 500.
For example, a change in temperature may cause the shuttle 500, the sealing boots 600, and
the sleeves 700 to expand or contract. Because these cornponents moay be roade from different
materials with different thermal expansion coefficients, the expansion or contraction may
occur to different degrees or different rates for each of these components. As one example,
the sealing boots 600 may expand more than the shuttle 500. As the sealing boots 600 expand
faster than the bores of the shuitle 300 in which they are positioned, the sealing boots 600
may buckle or collapse to different degrees to automatically adjust. As the sealing boots 600
buckle or collapse to different degrees, the shuttle 300 may move longitudinally to

accommodate the sealing boots 600.
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6664} As another example, the shuttle 500 and the sleeves 700 may expand more
than the sealing boots 600. This may cause the inner diameter of the bores within which the
sealing boots 600 are positioned to become larger than an outer diameter of the sealing
boots 600. The spring 150 can exert a force on the shuttle 500 that biases the shuttle 500
toward the stop coraponent 800. The force of the spring 150 can compress the sealing
boots 600 longitudinally between the shuttle 500 and the sleeves 700. As the sealing
boots 600 are compressed, they may automatically buckle or collapse to different degrees so
as to automatically fill the larger inner diameter of the bores of shuttie 500 caused by the
thermal expansion of the components of the convector 100.

[6665] In various embodiments, the shuttle 500 can move (e.g., slide) within the
housing 400. In some embodiments, movement of the shuttle 500 may be caused by a
pressure differential. For example, in some embodiments, the conpector 100 can be
positioned such that a first pressure acts on a first end of the shuttle 500 (for example, the
right end of the shuttle 5300 in FIG. 1B) and a second pressure acts on a second end of the
shuttle 500 (for example, the right end of the shuttle 500 in FIG. 1B). In some embodiments,
the first pressure may be well pressure and the second pressure may be arubient pressure. If
the first pressure is greater than the second pressure, the pressure differential may push the
shuitle 500 toward the stop component 800. If the first pressure is less than the second
pressure, the pressure differential may push the shuttle 500 away from the stop
component 800, In some embodiruents, movement of the shuttle 500 is caused by something
other than a pressure differential. For example, in certain embodiments, the bias of the
spring 150 moves the shuttle 500. In some embodiments, the connector 100 is configured
such that substantially equal pressures act on the first and second ends of the shuttle 500.
This can enable the shuitle 500 to be substantially pressure balanced between the first and
second ends. In certain implementations, the pressure balance of the shuttle 500 enables the
spring 150 to move the shuttle 500 even at high pressures (e.g., relative to atmospheric). In
some variants, the movement of the shuttle 500 is partly or wholly due to the bias of the
spring 150, and/or is not due to a pressure differential on the first and second ends of the
shuttle 500. In certain embodiments, the connector 100 is configured to allow fluid to flow

between the outside of the shuitle 500 and the inside of the housing 400. In various
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embodiments, as the shuttle 500 moves (either towards or away from the stop
component 800), the sealing boots 600 can buckle or collapse to different degrees or
positions to form a seal around the cables 22, 24, 26.

Housing {(FIGS. 4A and 4B)

[6866] FIG. 4A 18 an isomeiric exploded view of an embodiment of the
housing 400 of the connector of 100. FIG. 4B is a longitudinal cross-sectional view of the
housing 400 in an assembled state. In the illustrated embodiment, the housing 400 comprises
a first body member 410, a second body member 412, an end cap 416, and a rotating fastener
sleeve 418.

6667} The first body member 410 can be a generally cylindrical tube extending
between a first open end 420 and a second open end 422. Proximal to the first open end 420,
the first body member 410 can include a first threaded portion 424. The first threaded
portion 424 can be configured to attach the end cap 416 to the first open end 420 of the first
body roember 410. In soroe embodiments, the first threaded portion 424 comprises external
threads on the exterior surface of the first body member 410 as illustrated. In some
embodiments, the turst threaded portion 424 cornprises interval threads on the interior surface
of the first body member 410, Proximal to the second open end 422, the first body
raember 410 can include a second threaded portion 426. The second threaded portion 426 can
be configured to attach the first body member 410 to the second body member 412, In some
embodiments, the second threaded portion 426 comprises internal threads on the interior
surface of the first body member 410 as illustrated. In some embodiments, the second
threaded portion 426 comprises external threads on the exterior surface of the fust body
member 410.

[6068] The first body member 410 can also comprise a lip, ledge, protrusion, rib
or shoulder 428 formed on the interior surface of the first body member 410. In some
embodiments, the shoulder 428 can provide a surface that is normal to the axis 10 which can
receive an end of the spring 150. The spring 150 can be compressed against the shoulder 428
such the spring 150 exerts a force that biases the shuttle 150 towards the stop component 800,

[8669] The second body member 412 can be a generally cylindrical tube

extending between a first open end 430 and a second open end 432. Proximal to the first open
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end 430, the second body member 412 can include a first threaded portion 434, The first
threaded portion 434 can be configured to attach the second body member 412 to the first
body member 410. The first threaded portion 434 of the second body member 412 can engage
with the second threaded portion 426 of the first body member 410. In some embodiments,
the first threaded portion 434 comprises external threads on the exterior surface of the second
body member 412 as illustrated. In some embodiments, the first threaded portion 434
comprises internal threads on the interior surface of the second body member 412. Proximal
to the second open end 432, the second body member 412 can include a second threaded
portion 436. The second threaded portion 426 can be configured to aitach the second body
member 412 to the receptacle assembly 900. In some embodiments, the second threaded
portion 436 comprises internal threads on the interior surface of the second body member 412
as illustrated.

16876} The second body member 412 can also comprise a lip, ledge, protrusion,
rib or shoulder 438 formed on the interior surface of the second body member 412. In some
embodiments, the shoulder 438 can provide a surface that is normal to the axis 10 which can
receive an end of the stop component 800. The shoulder 438 can contact or otherwise interact
with the stop component 800 to prevent longitudinal movement of the stop component 800
past the shoulder 438 towards the second end 104 of the connector 100.

16671} The second body member 412 can also include a groove 440. The
groove 440 can be an amnular groove formed in the exterior surface of the second body
member 412. The groove 440 is configured to receive a retaining device 442, such as ball
bearings, that retain the rotating fastener sleeve 418 on to the second body member 412 and
permit the rotating fastener sleeve 418 to rotate relative to the second body member 412,

[6872] As illustrated, the rotating fastener sleeve 418 includes a first open
end 450 configured to be received over the second end of the second body member 412. The
rotating fastener sleeve 418 also includes a second open end 452. When assembled, a portion
of the receptacle assembly can extend through the second open end 452. The rotating fastener
sleeve 418 can include a threaded portion 438, In some embodiments, the threaded
portion 458 can be used to lock the connector 100 in place once the connector 100 is

connected to a corresponding connector, system or device. In some embodiments, the
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threaded portion 458 comprises internal threads on the interior surface of the rotating fastener
sleeve 418 as illustrated. In some embodiments, the threaded portion 458 comprises external
threads on the exterior surface of the rotating {astener sleeve 418,

18673] The rotating fastener sleeve 418 can include a groove 454, The groove 454
can be an annular groove formed in the interior surface of the rotating fastener portion 418.
The groove 454 is configured to receive the retaining device 442 that retain the rotating
fastener sleeve 418 on to the second body member 412 and permit the rotating fastener sleeve
418 to rotate relative to the second body member 412. The rotating fastener sleeve 418 can
mclude a hole 456, In some embodiments, the hole 456 is used for loading the ball bearings
into the space created between the grooves 440, 454 of the second body member 412 and the
rotating fastener sleeve 418, respectively. In some embodiments, once the retaining device
442 1s loaded, the loading hole 456 can be sealed with a disc. In some embodiments, one,
two, three, four, five, six, or more retaining devices 442 are loaded in the grooves 440, 454,

16874] The retaining device 442 can retain the rotating fastener sleeve 418 onto
the second body member 412 and allow the rotating fastener sleeve 418 to be rotated relative
to the second body mersber 412, This can allow the threaded portion 438 of the rotating
fastener sleeve 418 to be engaged with a corresponding structure on a corresponding
connector or other device to which the connector 100 is comnected. In some embodiments,
the rotating connector sleeve 418 can be rotated to tighten the connector 100 to the
corresponding connector or other device to which the connector 100 is connected. In some
embodiments, the rotating connector sleeve 418 protects the connection between the
connector 100 and the corresponding counector or other device to which the connector 100 1s
connected.

(8675} Returning to the first end 402 of the housing 400, the housing 400 includes
the end cap 416. An opening 444 is formed through the first end of the end cap 416. The
opening 444 is configured to at least partially receive the ferrule 170 therein. The
opening 444 alsc allows passage of the conduits into the interior of the housing 400. The
second end of the end cap 446 also includes an opening 446. The end cap 416 also includes a
threaded portion 448. The threaded portion 448 is configured to engage the threaded
portion 424 of the first body portion 410 to attach the end cap 416 to the first body portion. In
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some embodiments, the threaded portion 448 is an internally threaded portion formed on the
interior surface of the end cap 416.

18676} Although a particular embodiment of the housing 400 is illustrated in
FIGS. 4A and 4B, the housing 400 can be varied from the illustrated embodiment in a
nurober of ways. For example, the housing 400 can comprise other nuruber of body members,
such as, one, two, three, four, five or more body members. Further, the body members can be
connected via other mechanisms or structures than the illustrated threaded portions. For
example, in some embodiments, body members are welded, press fit, or adhesively bonded
together. Additionally, while the housing 400 has been ilustrated as generally cyhindrical,
other shapes for the housing 400 are possible. In some embodiments, one or more of the
components of the housing 400 illustrated in FIGS. 4A and 4B can be omitted. For example,
the rotating fastener sleeve 400 may be omitted. In some embodiments, one or more of the
components of the housing 400 illustrated in FIGS. 4A and 4B can be combined. For
example the first body member 410 and the end cap 416 can be combined. In some
embodiments, the housing 400 comprises metals, allows, or other similar or suitable
materials.

Shuttle (FIGS. 5A-5C)

16877 FIGS. SA and 5B are first and second isometric views of an embodiment
of the shuttle 500 of the connector 100, FIG. 5C is a longitudinal cross-sectional view of the
shuttle 500. In the iHustrated erobodiment, the shuttie 500 includes a body 501 extending
between a first end 502 and a second end 504. In the illusirated embodiment, the body 501 is
substantially cylindrical, although other shapes are possible. In general, the body 501 is
configured in size and shape to fit within the housing 400. The shuttle 500 can be configured
to roove back and forth longitudinally along the axis 10 within the housing 400. The shape of
the body 501 can be configured to match a corresponding interior shape of the housing 400.
The first end 502 of the body 301 can be generally flat or planar, although other shapes are
possible. The first end of the body 501 can include a groove 512, as shown in FIGS. 5B and
3C. The groove 512 can be an annular groove that surrounds the first end 502. The groove
512 can be configured to receive a second end of the spring 150. The spring 150 can exert a

spring force on the body SO1 that biases the shuttle 300 towards the stop component 800. The
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second end 504 of the body S01 can be generally flat or planar, although other shapes are
possible.

{6678} The shuttle 500 can include one or more openings 506 extending radially
into the body 501, In the illustrated embodiment, the shuttle 500 includes two openings 506.
The openings 506 are configured to receive the one or more set screws 106. As discussed
previously, the set screws 106 can prevent or limit the motion of the shuttle 500 within the
housing 400, In some embodiments, the body 501 of the shuitle 500 includes a generally flat
surface 508 in the region surrounding the openings 506.

16879} The shuttle 500 can include one or more (e.g., one, two, three, four, or
more) bores 510 extending through the body 501. The bores 510 can extend from the first
end 502 to the second end 504. In some embodiments, the bores 510 are generally parallel. In
some embodiments, the bores 510 extend along axes that are generally parallel to the axis 10.
The bores 510 can be configured to allow the first, second, and third cables 22, 24, 26 {o pass
through the shuttle 500. The number of bores 510 can correspond to the number of cables 22,
24, 26 with which the connector 100 is used. In the illustrated embodiment, the bores 510 are
arranged n a triangular arrangement, although other arrangewents are possible, such as
circular, rectangular, or otherwise.

(6080} One of the bores 510 is shown in the cross-sectional view of the
shuttie 500 of FIG. 5C. As shown, the bore 510 can include a lip, ledge, protrusion, rib or
shoulder 514. The shoulder 514 can narrow the bore 510 from a first diameter D; to a second
diameter ;. The shoulder 514 can divide the bore 510 into a first portion 510a and a second
portion 510b. In some embodiments, the sealing boot 600 is positioned within the first
portion 510a of the bore S10. The first portion 5102 may have a first diameter By, In some
embodiments, the first diameter Dy 1s approximately or substantially equal to the outside
diameter OD of the sealing boot 600 in an uncompressed state. In some embodiments, the
portion 510a of the bore 510 has the first diameter D and receives the sealing boot 600. In
some embodiments, the first diameter Dy is larger than (for example, 1%, 2%, 3%, 4%, 5%,
7.5%, 10%, or more} the outside diameter OD of the sealing boot 600 in an uncompressed
state. In some embodiments, the first diameter Dy is smaller than (for example, 1%, 2%, 3%,

4%, 5%, 7.5%, 10%, or more) the outside diameter OD of the sealing boot 600 in an
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uncompressed state. In some embodiments, when the sealing boot 600 is positioned within
the first portion 510a of the bore 510, a first end of the sealing boot 600 abuts against the
shoulder 514, The second portion 510b of the bore 510 may have a second diameter Do, The
second portion 510b can be configured to receive a portion of one of the cables 22, 24, 26
positioned theretn. The second diameter 2 can be approximately equal to the outside
diameter of the cables 22, 24, 26. In some embodiments, the first portion 510a is longer than
the second portion 510b. In some embodiments, the first portion 510a is shorter than the
second portion 510b. In some embodiments, the length of the first portion 510a is longer than
the length of the sealing boot 600 positioned therein, such that the entirety of the sealing
boot 600 can be positioned within the bore 510. The shuttle 500 can comprise metal, alloys,
or other similar or suitable materials.

Sealing Boot (FIGS. 6A and 68}

6881} FIG. 6A is an isometric view of an embodiment of the sealing boot 600 of
the connector 100. FIG. 6B 1s a longitudinal cross-sectional view of the sealing boot 600, The
scaling boot 600 can comprise a generally cylindrical body 601 extending between a first
end 602 and a second end 604. A channel 610 extends through the body 601 between the first
end 602 and the second end 604. As mentioned above, the sealing boot 600 can be configured
to fit within the first portion 510a of the bore 510 of the shuttle 500. The channel 610 is
configured to receive one of the first, second, and third cables 22, 24, 26. In some
embodiments, the first end 602 of the sealing boot 600 engages {e.g., abuts) the shoulder 514
of the charmel 510 of the shuttle 500.

(6082} As shown in the cross-sectional view of FIG. 6B, in some embodiments,
the channel 610 can include a first portion 610a having a first inner diameter ID; and a
second portion 610b baving a second inmer diameter 1Dz, In sorse embodiments, the first
inner diameter 1 is less than the second inner diameter ID,. In some embodiments, the first
moner diameter 1D; is greater thao the second inver diameter 1Dz, In some embodiments,
either the first inner diameter 1D or the second inner diameter H: is approximately equal to
an outer diameter of the cables 22, 24, 26. In some embodiments, either the first inner
diameter I} or the second inner diameter 1D is 1%, 2%, 3%, 4%, 5%, 7.5%, 10%, or more,

larger or smaller than the outer diaroeter of the cables 22, 24, 26. In some erobodiments, the
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second inner diameter 1D, is approximately equal to or 1%, 2%, 3%, 4%, 5%, 7.5%, 10%, or
more larger or smaller than the outer diameter of the cables 22, 24, 26 including the outer
sheath of the cables 22, 24, 26. In some embodiments, the second inner diameter I i
approximately equal to or 1%, 2%, 3%, 4%, 5%, 7.5%, 10%, or more, larger or smaller than
the outer diameter of the cables 22, 24, 26 without the outer sheath of the cables 22, 24, 26.

{6083} In some embodiments, the first portion 610a is longer than the second
portion 610b. In some embodiments, the second portion 610b is longer than the first
portion 610a. In some embodiments, the first and second portions 610a, 610L are
approximately the same length. In some ersbodiments, the interior surfaces of the first and
second portions 610a, 610b are substantially smooth. The first and second portions 610a,
610b can be connected by a transition portion 610c¢.

(60841 The sealing boot 600 includes an outer surface 612, The outer surface 612
can have an outside diameter OD as shown. The outside diameter OD of the sealing boot 600
can be configured such that the sealing boot 600 fits within the bore 510 of the shuitle. In
some embodiments, the outside diameter 0D of the sealing boot 600 is larger or smaller than
(tor example, 1%, 2%, 3%, 4%, 3%, 7.5%, 10%, or more) the first diameter D of the chamnel
510 of the shuttle 500. As noted previcusly, the length of the sealing boot 600 can be less
than the length of the bore 510 of the shuttle 500 such that the sealing boot 600 fits entirely
within the bore 510. In various embodiments, the sealing boot 600 moves longitudinally with
the shutile 500, In certain embodiments, the first end 702 of the sealing boot 600 remains
substantially stationary relative to, and/or continuously engaged with, the shoulder 514 of the
shuitle 500.

[6085] The sealing boot 600 can be configured to buckle or collapse under
longitudinal compression. In some embodiments, when the sealing boot 600 is compressed
between its first and second ends 602, 604, the sealing boot 600 can buckle or collapse. In
some embodiments, when the sealing boot 600 buckles or collapses, one or more of the
following may occur: the length of the of the sealing boot 600 can decrease; the outside
diameter OD of the body 601 of the sealing boot 600 can increase, and/or the inside diameter
(I and/or 1) of the channel 610 of the sealing boot 600 can decrease. In some

embodiments, the inside diameter (ID; and/or 12} of the channel 610 of the sealing boot 600
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can increase when the boot 600 buckles or collapses. The buckling of the sealing boot 600,
and consequent change in shape, can facilitate sealing against the conduit.

6686} The outer surface 612 of the sealing boot 600 can include a profile or
shape that facilitates collapsing or buckling. For example, in the illustrated embodiment, the
outer surface 612 of the sealing boot 600 includes ridges 613 and valleys 615. In some
embodiments, the outer surface 612 may be jagged, wavy, or accordion-like to facilitate
collapsing and buckling. In sorue embodiments, the outer surface 612 of the sealing boot 600
can include one or more smooth sections 612s. In the illustrated embodiment, the sealing
boot 600 includes an outer surface 612 with a smooth section 612s positioned between two
sections configured to facilitate buckling. In some embodiments, more than one smooth
section 612s may be included.

(6887} The sealing boot 600 can comprise a rubber, clastomeric, or other similar
or suitable material. In some embodiments, the sealing boot 600 comprises a material that
facilitates buckling. In some embodiments, the sealing boot 600 comprises a material that
expands radially when compressed longitudinally or axially.

Sleeve (FIGS. 7A and 7TB)

16688} FIG. 7A i3 an exploded isometric view of an embodiment of a sleeve 700
of the connector 100. FIG. 7B is a longitudinal cross-sectional view of the sleeve 700. The
sleeve 700 can comprise a body 701 extending between a first end 702 and a second end 704.
The body 701 can be substantially cylindrical, although other shapes are possible. The
body 701 can have an outer diameter OD as shown. In various embodiments, the first end 702
is configured to be received in the bore 510 of the shuttle 500. In some embodiments, the
outer diameter OD of the body 701 of the sleeve 700 may be approximately equal to the
diameter D of the bore 510 of the shuttle 500, In some embodiments, the outer diameter OD
of the body 701 of the sleeve 700 may be approximately 1%, 2%, 3%, 4%, 5%, 7.5% 1(%,
12.5 %, 15%, 17.5%, 20%, or more, less than the diameter ) of the bore 510 of the
shuttle 500. In general, the body 701 is configured such that at least a portion of the body 701
can be received within the bore 510 of the shuttle 500 and another portion of the body 701
can contact, be received within, or otherwise engage with the stop component 8300 (as shown

in FIG. 1B). The sleeve 700 can engage {e.g., abut) the sealing boot 600. For example, in
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some embodiments, a portion of the sleeve 700 that is received in the bore 510 engages the
sealing boot 600,

186891 The body 701 can include grooves 712. The grooves 712 can be
configured to receive gaskets, such as O-rings 714. In the illustrated embodiment, the
body 701 includes two grooves 712 proximate to the first end 702 for receiving two
O-rings 714, and two grooves 712 proximate to the second end 704 for receiving two
additional O-rings 714. In soroe embodiments, when iostalled, the O-rings 714 proximate the
first end 702 are positioned within the bore 510 of the shuttle 500, as shown in FIG. 1B.
Similarly, in some embodiments, when installed, the O-rings 714 proximate the second
end 704 are positioned within the stop component 800, as shown in FIG. 1B. In some
embodiments, other numbers and positions of grooves 712 and O-rings 714 can be included.
In some embodiments, the grooves 712 and O-rings 714 are omitted.

16690] The aperture 710 includes an inner diameter 1D, The imnmer diameter ID is
configured such that a cable 22, 24, 26 can extend therethrough. In some embodiments, the
inner diameter ID is larger or smaller than the outer diameter of the cables 22, 24, 26 by 1%,
2%, 3%, 4%, 5%, 7.5%, 10%, or more. In some embodiments, the inner digmeter 1D of the
aperture 710 can be substantially constant along its length. In some embodiments, when
ostalled, the aperture 710 extends parallel to the axis 10.

[6691] The body 701 of the sleeve 700 can comprise metal, alloys, or other
similar or suitable materials. The O-rings 714 can comprise rubber, elastomeric, or other
similar or suitable materials. In some implementations, the sleeve 700 is integral with or
press-fit into the stop component 800,

Sleeve (FIGS, 8A and 8B)

16692} FIGS. 8BA and &B are first and second isometric views of an embodiment
of a stop component 800 of the connector 100. FIG. 8C is an exploded isometric view of the
stop component 800, FIG. BD is a longitudinal cross-sectional view of the stop
component 800,

[6693] The stop component 800 can comprise a body 801 extending between a
first end 802 and a second end 804, The body 801 can be substantially or generally

cylindrical, although other shapes are possible. The body 801 may have an outer diameter
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configured to fit within the interior of the housing 400. In some embodiments, the body 801
tits tightly within the housing 400 and creates a seal against the housing 400. In some
embodiments, the outer diameter of the body 801 of the stop component 800 may be
approximately equal to the inside diameter of the housing 400. The body 801 can include
grooves 812, The grooves 812 can be configured to receive gaskets or O-rings §14. In the
illustrated embodiment, the body 801 includes two grooves 812 for receiving two
O-rings 814, Other numbers of grooves 8§12 and O-rings 814 are possible. The O-rings 814
may help form a seal between the outer diameter of the body 801 and the interior of the
housing 400. This can inhibit or prevent fluid from passing between the body 801 and the
housing 400.

(6694 As shown in FIGS, 8A and 8D, a recess 816 may be formed into the
second end 804 of the body 801, The recess 816 may extend partway into the body 801. The
recess 816 may be configured to receive or engage a corresponding protrusion 916 on the
receptacle assembly 800. In the 1llustrated embodiment, the recess 816 is generally triangular,
although other shapes for the recess 916 are possible. In some embodiments, the recess 816
and the corresponding protrusion 916 comprise corresponding keved shapes. The keyed
shapes may, for example, facilitate alignment between the stop component 800 and the
receptacle assembly 900.

(6695} As shown in FIGS. 8B-8D, the stop component 808 includes one or more
bores extending into the first end 802 of the body 801. In the illustrated erobodiment, three
openings ¥10 are shown, although other numbers of openings 810 are possible. The number
of openings 810 can correspond with the number of cables 22, 24, 26 with which the
connector 100 is used. The openings 810 can extend entirely through the body 801 of the stop
component 800, such that the conduits can pass therethrough., The openings 810 can be
configured in size and shape to receive at least a portion of the sleeves 700 therein. The
openings 810 can include a protrusion or lip 811. The lip 811 can provide a face against
which the second end 704 of the sleeves 700 can abut. The face can be generally normal to
the axis 10. The lip 811 can inhibit or prevent or stop the sleeves 700 from being pushed

longitudinally towards the second end 104 of the connector.
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[6896] The body 801 of the stop compounent 800 can comprise metal, alloys, or
other similar or suitable materials. The O-rings 814 can comprise rubber, elastomeric, or
other similar or suitgble materials.

Receptacle Assembly (FIGS. 9A and 98)

168971 FIGS. 9A and 9B are first and second isometric views of an embodiment
of a receptacle assembly 900 of the connector 100. The receptacle assembly 900 includes a
body 901. A first end of the body 901 can include the protrusion 216 that is configured to
engage with the recess §16 of the stop component 300, Channels 910 can extend through the
protrusion 216 to the interior of the body 901, The channels 910 can allow the cables 22, 24,
26 to pass into the interior of the receptacle assembly. A second end of the body 901 can
include the socket 902 and holes 904 that are used to connect the connector 100 to aplug of a
corresponding connector or other device. As shown, the body 901 can juclude one or more
grooves 914, which can hold one or more O-rings for creating a seal against the interior of the
housing 400. The body 901 can include a threaded portion 918 that can be positioned to
engage the threaded portion 436 of the second body portion 412 of the housing 400. The
receptacle assernbly 900 ruay include one or more gaskets, such as O-rings 922, that provide
seals between various components of the receptacle assembly 900.

16698} FIG. 9C is a longitudinal cross-sectional view of the receptacle 900. As
shown, the channels 910 pass to a connection assembly 806. The connection assembly 906
provides a termination point for the cables 22, 24, 26 and an electrical connection to
conductors positioned within the holes 904 of the socket 902, In some embodiments the
connection assembly 906 includes a crimpless electrical connector as described in U.S. Pat.
App. No. 15/481,189, entitled “Crimpless Electrical Connector,” filed on April 6, 2017,
which is incorporated by reference in ifs entirety. In some embodiments, a connection
assembly 906 is positioned within each of the channels 910, The number of connections
assernblies 906 can correspond to the number of cables 22, 24, 26.

Operation of the Connector (FIGS. 10A and 10B)

16699} FIGS. 10A and 10B illustrate operation of the connector 100 according to
an embodiment. As discussed above, movement of the shuttle 500 can be caused by changes

in pressures or pressure differentials to which the connector 100 is exposed, and/or by
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changes in lemperature due to thermal expansion or contraction of the components. FIG. 10A
18 a longitudinal cross-sectional detail view the sealing assembly 300 of the connector of 100
with the shuttle 500 in a first position, and FIG. 10B illustrates the shuttle 500 in a second
position. As shown in FIGS, 10A and 108, the sealing boot 600 can buckle or collapse to
different degrees depending upon the position of the shuttle S00 within the housing 400. In
some embodiments, this permits the sealing assembly 300 to provide a seal around the
cables 22, 24, 26 over a range of temperatures and/or pressures.

161006} As shown in FIGS. 10A and 10B, the sealing boot 600 is positioned in the
bore 310 of the shuttle 500. The sealing boot 600 1s radially positioned between the cable 22
and the shuttle 500. The sealing boot 600 is longitudinally positioned between the
shoulder 514 of the shuttle 500 and the first end 702 of the sleeve 700. A portion of the
sleeve 700 extends partially into the bore 510 of the shuttle 500. Substantially the entire or
the entirety of the sealing boot 600 can be bounded and/or captured between the cable 22,
bore 510, and sleeve 700. This can, inhibit or prevent the sealing boot 600 from being
extruded (e.g., due to a pressure differential). As shown, in some implementations, the
sleeve 700 includes one or more gaskets, such as O-rings, which can engage with the shuttle
500 and/or the stop component 800. The gaskets in the sleeve 700 can inhibit or prevent fluid
from passing around the outside of the sleeve 700.

(6101} In various embodiments, the shuttle 500 can be configured to move
longitudinally in the housing 400, such as between a first position and a second position. As
mentioned above, in some embodiments, the shuttle 500 moves in response to the spring 150
biasing the shuttle 500 and/or a fluid pressure acting oun the shuttle 500. In the illustrated first
position of FIG. 10A, the shuttle 500 is spaced apart from the stop component 880 by a gap
G1. The gap G1 may be approximately at least 1/20, 1/15, 1/10, 1/4, or 1/2 the length of the
shuttle 500. The gap 1 may be approximately at least 1/20, 1/15, 1/10, 1/4, 1/2, or 3/4 the
length of the sleeve 700. The gap Gi may be approximately at least 1/20, 1/15, 1/10, 1/4, 1/2,
or 3/4 the length of the sealing boot 600. A portion of length Pi of the sleeve 700 is
positioned within the bore 510 of the shuttle 500. The length P may be approximately at
least 1/20, /15, 1/10, 1/4, or 1/2 the length of the shuttle 500. The length P; may be
approximately at least 1/20, 1/15, 1/10, 1/4, 1/2, or 3/4 the length of the sleeve 700, The
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length P: may be approximately at least 1/20, 1/15, 1710, 1/4, 1/2, or 3/4 the length of the
scaling boot 600. The sealing boot 600 may buckle or collapse to a degree such that the
length of the sealing boot 600 {ills the distance between the first end 702 of the sleeve 700
and the shoulder 514 of the shuttle.

(6102} In the illustrated second position of FIG. 10B, the shuttle 500 has moved
towards the stop component 800, In the second position, the shuttle 500 is spaced apart from
the stop compouvent 800 by a gap G2. The gap G2 may be approximately at least 1/20, 1/15,
1/10, 1/4, or 1/2 the length of the shuttle 500. The gap G2 may be approximately at least 1/20,
1/15, 1/10, 1/4, 1/2, or 3/4 the length of the sleeve 700, The gap G2 may be approximately at
least 1/20, 1/15, 1/10, 1/4, 1/2, or 3/4 the length of the sealing boot 600. The gap G2 may be
at least 10%, 20%, 30%, 40%, or 50% less than the gap G1. the A portion of length P2 of the
sleeve 700 is positioned within the bore 510 of the shuttle 500. The length P2 may be
approximately at least 1/20, 1/15, 1/10, V4, or 1/2 the length of the shuttle 500. The length P2
may be approximately at least 1/20, 1/15, /10, 1/4, 1/2, or 3/4 the length of the sleeve 700.
The length P> may be approximately at least 1/20, 1/15, 1/10, 1/4, 1/2, or 3/4 the length of the
sealing boot 600. The portion P> may be at least 10%, 20%, 30%, 40%, or 50% more than the
portion P;. As illustrated in FIG, 10B, the sealing boot 600 has buckled or collapsed to a
greater degree than in FIG. 10A, such that the length of the sealing boot 600 fills the now
shorter distance between the first end 702 of the sleeve 700 and the shoulder 514 of the
shuttle.

16183} In various embodiments, the engagement sleeve 700 inhibits or prevents
the sealing boot 600 from being extruded, such as in response to a pressure differential. For
example, the engagement sleeve 700 can provide physical stop against which the sealing boot
600 engages and/or 1s prevented from moving any further toward the second end 104 of the
connector 100. In certain situations, such as at high pressures {e.g., about 5000 psi}, rubber
sealing elements (e.g., boot, o-rings, etc.) may tend to extrude through gaps larger than
around 0.005 inches. In certain embodiments, the connector 100 is configured to inhibit or
prevent extrusion of the sealing boot 600, such as extrusion between the outside diameter of
the sleeve 700 and the inside diameter of the bore 510. In some embodiments, the outside of

the shuttle 700 and the inside of the bore 510 are dimensioned and/or toleranced to inhibit
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extrusion of the sealing boot 600. For example, in some variaunts, the radial clearance (e.g.,
gap) between the outside of the shuttle 700 and the inside of the bore 510 is less than or equal
{0 about: 0.001 inches, 0.002 incheas, 8.004 inches, or other values.

16184] In several embodiments, the sealing boot 600 expands or collapses
(e.g., buckles}) in response to movemenis of the shuttle 500. For example, the sealing
boot 600 can collapse in response to the shuttle 500 moving toward the stop 800 and/or can
expand in response to the shuttle 500 moving away from the stop 800. The sealing boot 600
can collapse to a degree that is dependent upon the positon of the shuttle 500, In some
embodiments, the position that the shuttle 500 moves is dependent upon or atfected by the
degree to which the sealing boot 600 collapses. In some embodiments, the shuttle 500 moves
and the sealing boot 600 collapses to different degrees to provide a seal over a range of
temperatures and pressures. In some embodiments, the shuttle 500 moves and the sealing
boot 600 collapses automatically in response to changes in temperature and pressure.

6105} In various embodiments, in respouse to the collapsing of the sealing
boot 600, the outside and/or inside diameter of the sealing boot 600 changes. For example,
the outside diameter can increase and/or the inside diameter can decrease. The change in
outside and/or inside diameter can facilitate sealing the sealing boot 600 against the bore 510
and/or the cable 22. This sealing between the boot 600 and the bore 510 and/or the cable 22
can inhibit or prevent pressure from the first end 102 of the connector {e.g., at well pressure)
trom being transferred to the second end 104 of the connector 100 (e.g., at approximately
atmospheric pressure).

Certain Embodiments (FIGS. 1HA-1IO)

[6106] FIGS, 11A-11C are views of another embodiment of g connector 1100, In
many respects, the connector 1100 is similar to the connector 100 described above. Certain
similar aspects of the connector 1100 will not be described again here, with the understanding
that similar features have been previously described with reference to the conmector 100
FIG. 11A is a longitudinal cross-sectional view of the connector 1100, FIG. 11B is an
isometric view of certain internal components of the connector 1100, FIG. 11C is an

isometric exploded a shuttle 1500 of the connector of 1100.
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(6107} The connector 1100 extends between a first end 1102 and a second
end 1104. A cable bundle 1120 extends into a housing 1400 through the first end 1102. The
cable bundle 1120 can include one or more cables (e.g., tnsulated electrical wires). For
example, the illustrated embodiment has three cables 1122, 1124, 1126, As shown, a
receptacle asserubly 1900 can be positioned at the second end 1104.

[6168] A sealing assembly 1300 can be positioned in the housing 1400. The
scaling assembly 1300 can include a shuttle 1500, sealing boot 1600, sleeve 1700, and a stop
component 1800, Some variants comprise multiple shuttles 1500, sealing boots 1600,
sieeves 1700, and/or stop components 1800. A biasing member, such as spring 1150, can bias
the shuttle 1500 toward the stop component 1800, The shuttle 1500 can be configured to
move relative to the sleeve 1700 and/or the housing 1400. The sealing boot 1600 can be
configured to collapse or buckle, such as in the manner described above. In various
embodiments, the sealing boot 1600 moves longitudinally with the shuttle 1500.

16169} As shown in FIG. 114, the sleeve 1700 is a substantially cylindrical tube.
In certain implementations, the sleeve 1700 is rigidly connected with the stop component
1800. For example, the sleeve 1700 can be integral with the stop component 1800 or can be
press-fit with the stop component 800. In some embodiments, the sleeve 1700 does not
include gaskets, such as O-rings.

(6118} As shown in FIGS. 11A-11C, the shuttle 1500 can include certain features
which can provide a seal apgainst the interior of the housing 1400. For example, as illustrated,
the shuoitle 1500 can include one or more gaskets {(e.g., O-rings) 1533, 1535, The
gaskets 1533, 1535 can be retained by one or more retaining units, such as retaining
rings 1532, 1534, Tn some embodiments, the shuttle 1500 comprises one or more
bushings 1531, 1536 that are configured to reduce friction between the shuttle 1500 and the
interior of the housing 1400. As shown in FIG. 11C, the shuttle 1500 can include one or more
grooves 1541-1544 configured to receive the retaining rings 1532, 1534, bushings 1531,
1536, and/or gaskets 1533, 1333, In the illustrated embodiment, the shuttle 1500 includes
grooves 1541-1544. In some embodiments, the gaskets 1533, 1535 provide a seal that inhibits
or prevents liquids, gases, and/or particles from passing between the exierior of the

shuttle1500 and the interior of the housing 1400. In certain implementations, the
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gaskets 1533, 1535 inhibit or prevent pressurized fluids {e.g., at well pressure} from passing
between the shuttle 1500 and the housing 1400. Some embodiments do not include gaskets
(e.g., O-rings) on the outside of the shuttle, such as certain embodiments of the connector 100
described above.
Certain Additional Embodiments (FIGS. 12A-14B)

6111} FIGS. 12A-148 are views of another embodiment of a connector 2100, In

many respects, the connector 2100 is simnilar to the connector 100 described above. Certain
similar aspects of the connector 2100 will not be described again here, with the understanding
that similar features have been previously described with reference to the comnector 100,
Accordingly, components of the connector 2100 that are similar to the components of the
connector 100 have been labelled with the addition of a numeral 2 as the first digit.
Differences between the stroctures, materials, and functions of the connectors 2100 and 160
are otherwise described below.

8112} The comnector 2100 can be any type of connector, jncluding av electrical
connector, a hydraulic connector, a pneumatic connector, or other type of connector. In the
lustrated embodiment of FIGS 12A-14B, the connector 100 is an electrical connector. The
connector 2100 extends along a longitudinal axis between a first end 2102 and a second
end 2104. The connector 2100 can include an outer casing or housing 2400. The housing
2400 can be generally cylindrically shaped. A cable bundle 2020 extends into the
housing 2400 through a first end 2402. The cable bundle 2020 can 1nclude one or more cables
{e.g., insulated electrical wires). For example, the illustrated embodiment has three cables
2022, 2024, 2026 that extend into the housing 2400,

[6113] As shown, a receptacle assembly 2900 can be positioned at the second
end 2104. A portion of the receptacle assembly 2900 can extend outwardly from the second
end 2404 of the housing 2400. The receptacle assembly 2900 can include a socket 2902, The
socket 2902 can be external to the housing 2400 and can be configured to receive a pin or
plug on a corresponding electrical connector (not shown). For example, the receptacle
assembly 2900 can include a male plug.

6114} A sealing assembly 2300 can be positioned in the housing 2400, The

sealing assembly 2300 can include a shuttle 2500 configured to move back and forth
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longitadinally along the longitudinal axis of the housing 2400. Some variants can comprise
multiple shuttles 2500. The shuttle 2500 can include one or more set screws 2106. In the
illustrated embodiment, two set screws 2106 are included. The set screws 2106 can extend
partially through an opening or slot 2406 formed through the housing 2400 and into the
shuttle 2500, When installed, the set screws 2106 may inhibit or prevent the shuitie 2500
trom moving within the housing 2400. When removed, the set screws 2106 enable movement
of the shuttle 2500 within the housing 2400 (e.g., with only the structures limitations of the
housing 2400 and biasing member 2150). In various embodiments, the set screws 2106 are
removed before or during use of the connector 2100. In some embodiments, one of the set
screws 2106 can be removed to provide a configuration that partially limits the movement of
the shuttle 2500 within the housing 4400. For exarple, in soroe embodiments, with only a
single set screw 2106 installed, the movement of the shuttle 2500 is limited to approximately
the length of the slot 2406,

[6115] The sealing assembly 2300 can include a sleeve 2700. In some
embodiments, the sleeve 2700 is a substantially cylindrical tube. The sleeve 2700 can be
similar to the sleeve 700 and can include or not tnclude the grooves and o-rings 712, 714.
The sleeve 2700 can include similar dimensions, features and structures described above in
relation to the sleeve 700, In certain implementations, the sleeve 2700 is rigidly connected
with the shuttle 2500. For example, the sleeve 2700 can be one component with the
shuttle 2500 {(e.g., integral with or monolithically formed with the shuttle 2500), or can be a
separate component that 1s secured to the shuttle 2500 (e.g., press-fit into the shuttle 2500). In
some embodiments, an inner end of the sleeve 2700 is located within a bore 2510 of the
shuttle 2500 and an outer end of the sleeve 2700 extends therefrom. In certain
implementations, the sleeve 2700 comprises a projection that exiends longitudinally
outwardly from the shuttle 2500, In some embodiments, gaskets, such as O-rings, are not
positioned on and/or abutted against the sleeve 2700, The cable 2022 can extend through the
bore 2510 and/or through a channel 2710 (e.g., a passage) of the sleeve 2700. The number of
bores 2510 through the shuttle 2510 can correspond to the number of cables of the cable

bundle 2020. In various embodiments, the shuttle 2500 and the sleeve 2700 move together
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longitadimally as a unit. In some embodiments, the shuttle 2500 and the sleeve 2700 are part
of a sealing unit that moves relative to the stop component 2901,

{8116} The sealing assembly 2300 can include a support structure, such as a stop
component 2901. The stop component 2901 can be a separate component of the receptacle
asserubly 2900 or formed integrally with the recepiacle asserubly 2900. A biasing member,
such as a spring 2150, can bias the shuttle 2500 toward the stop component 2901. The shuttle
2500 and sleeve 2700 can be configured to move relative to the stop coroponent 2901 and/or
the housing 2400 (e.g., along the longitudinal axis of the connector 2108). The stop
component 2901 can include an opening 2910 (e.g., a cavity, bore, passage, or otherwise) for
receiving the cable 2022 therethrough. The number of openings 2910 can correspond to the
number of cables of the cable bundle 2020. An end of the opening 2910 can include a
shoulder 2911.

6117} The sealing assembly 2300 can include a sealing boot 2600. The sealing
boot 2600 can be configured to partially or completely fit within the opening 2910 of the stop
component 2901. The sealing boot 2600 can comprise a generally cylindrical body extending
between a first end and a second end, such as is illusirated above in FIGS. 6A-6B. The
sealing boot 2600 can include dimensions, features, and structures described above in relation
to the sealing boot 600. For exarople, the sealing boot 2600 can include a channel 2610 that
extends through the body of the sealing boot 2600 between the first end and the second end
and/or is configured to receive a cable therethrough. The sealing boot 2600 can include one
or more inner diameters, outer diameters, ridges, and valleys, etc. {as described above and
itlustrated above in FIGS. 6A-68). The number of openings 2910, sleeves 2700, and sealing
boots 2600 can correspond to the number of cables in the cable bundle 2020. In various
embodiments, the longitudinal length of the sealing boot 2600 increases as temperature
increases and/or decreases as temperature decreases. The thermal expansion rate of the
sealing boot 2600 can be greater than that of other components of the connector 2100, such as
the stop component 2901, For example, the thermal expansion rate of the sealing boot 2600
can be at least about 10 times greater than the thermal expavsion rate of the stop

component 2801,
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(6118} The sealing boot 2600 can apply a sealing load to the cable. The sealing
boot 2600 can be configured to deform (e.g., collapse or buckle), such as in the manner
described above, within the opening 2910 of the stop component 2901, This can facilitate
applying a sealing load around the cable and/or the opening 2910. For example, the
deformation of the sealing boots 2600 can seal around the exierior of the cable and/or the
interior of the opening 2910, thereby inhibiting or preventing pressure from escaping toward
the second end 2104, In various embodiments, the amount of deformation of the sealing boot
2600 is a function of the position of the shuttle 2500 and/or the sleeve 2700 relative to the
stop component 2901, As illustrated in FIG. 12A, the stop component 2901 can have a
shoulder 2911 that an end of the sealing boot 2600 can rest and/or bear against. The sleeve
2700 and/or the shoulder 2911 can inhibit or prevent the sealing boots 2600 from being
extruded out of position when exposed to a large pressure differential (e.g., at least about
800 psi). As illustrated, the cable can extend toward the second end 2104 through an aperture
in the shoulder 2811, Various embodiments are designed to reduce and/or minimize radial
space between the inside of the shoulder 2911 and the outside of the cable. Such a radial
space can provide an extrusion gap through which the rubber boot can be deformed out of
position {e.g., by pressure in the connector 2100), which can reduce sealing effectiveness
and/or damage the sealing boot 2600. In some embodiments, the extrusion gap is less than or
equal to about 0.010 in.

(6119} The sealing assembly 2300 can be configured to provide a seal around the
cable 2022 over a wide range of temperatures and/or pressures. In some embodiments, the
position of the shuitle 2500 moves to compensate for changes in temperature and/or pressure.
As previously mentioned, in certain embodiments, the sleeve 2700 moves with and/or is a
part of the shuitle 2500. In sorve embodiments, the sleeve 2700 engages (e.g., abuts and/or
compresses) the sealing boot 2600 within the opening 2910. In some embodiments, as the
position of the shuttle 2500 and/or sleeve 2900 moves, the sealing boots 2600 are compressed
within the openings 2910 of the stop component 2901 by the sleeves 2700. As the sealing
boots 2600 are compressed, the sealing boots 2600 can buckle or collapse around the cables,

thereby forming a seal. In various embodiments, the sleeves 2700 have ends that are received
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in the stop component 2901 (e.g., in the opening 2910) and that engage {e.g., contact} the
sealing boots 2600.

16128} In some ioplementations, the position of the shuttle 2500 and/or the
sieeve 2700 relative to the stop component 2901 is a function of the temperature of the
connector 2100, For example, in some embodiments, shuttle 2500 and/or the sleeve 2700
moves toward the stop component 2901 as the {emperature increases and/or moves away
trom the stop component 2901 as the temperature decreases. To certain ervbodiments, the
amount of sealing provided by the sealing boot 2600 against the cable and/or the
opening 2910 is a function of the temperature of the connecior 2100. For example, in some
embodiments, the amount of sealing provided by the sealing boot 2600 against the cable
and/or the opening 2910 increases as the temperature increases and/or decreases as the
temperature decreases. In various implementations, the amount of sealing provided by the
sealing boot 2600 adjusts automatically in response to a change in temperature,

(6121} In some embodiments, the connector 2100 is configured to counteract the
above-described difference in thermal expansion rate of the sealing boot 2600 and
surrounding components, such as the stop component 2901, For example, in a situation in
which the connector 2100 goes from a higher temperature or pressure to a lower temperature
or pressure, the sealing boot 2600 reduces in length and/or volume more than the surrounding
components. Normally, this would cause a problem maintaining a seal, such as when the
connector is brought down to a pressure of less than or equal to about 30 psi. The
connector 2100 can mitigate or avoid this problem. For example, the sleeve 2700 can move
to counteract the relative ditference i thermal expansion rates, thereby energizing the sealing
boot 2600 and maintaining the seal. In some embodiments, the sealing problem is cavsed by a
radial interference reduction. The connector 2100 can restore the radial interference by
pushing on the sealing boot 2600 via the spring-biased shuttle 2500 and/or sleeve 2700. In
certain emboditoents, the sealing is largely dependent on the amount of radial interference.
The amount of radial interference can be a function of the load applied to the sealing
boot 2600, such as by ambient pressure and/or of spring 2150.

16122} In various implementations, the sealing boot 2600 is self-energizing via

pressure in the conmector 2100. For example, the sealing boot 2600 can be energized by
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pressure in the first end 2102 of the connector 2100, such as in a chamber that houses the
spring 2150 and/or shuttle 2500. The pressure can act on the sealing boot 2600 to energize
(e.g., compress) the sealing boot 2600 toward the second end 2104, As the pressure in the
first end 2102 increases (e.g., relative to the pressure in the second end 2104), the sealing
load provided by the sealing boot 2600 around the cable and/or the opening 2910 can
increase. In some embodiments, the pressure in the chamber provides the primary energizing
force on the sealing boot 2600 when the connector 2100 is subjected to higher pressures
and/or temperatures, such as at least about 50 psi and/or at least about 200 °F. In some
embodiments, the spring-biased shuttle 2500 provides the primary energizing force on the
sealing boot 2600 when the connector 2100 is subjected to lower pressures and/or
ternperatures, such as less than or equal to about 50 psi and/or less than or equal to about
200 °F.

16123} In some implementations, the sealing boot 2600 provides a plurality of
sealing regions along the length of engagement between the sealing boot 2600 and the cable.
A plurality of sealing regions can reduce the chance of leakage even if one or more of the
sealing regions is breached. In certain embodiments, compared to an o-ring, for example, the
sealing boot 2600 provides an extended length of sealing around the cable. In some
embodiments, the extended length of the sealing boot 2600 can reduce the chance of damage
to the insulation of the cable, such as by distributing the force applied by the sealing boot
2600 to the cable across a larger area. In certain embodiments, in an uncompressed state the
longitudinal length of the sealing boot 2600 is greater than or equal to the longitudinal length
of the sleeve 2700 and/or the shuitle 2500. In some variaunts, the ratio of the longitudinal
length of the sealing boot 2600 in an uncompressed state o the outside diameter of the cable
(including the insulation) is at least about: 3, 4, 3, 6, 7, or more.

16124 FIG. 12A is a longitudinal cross-sectional view of the connector 2100 in
one state, such as a partially compressed configuration of the sealing assembly 2300, The
shuttie 2500 is biased towards the stop component 2901. The sleeve 2700 is engaged with the
sealing boot 2600, the sealing boot 2600 being at least partially compressed within the
opening 2910, In some implementations, the outer end of the sleeve 2700 is inserted within

the opening 2910 and engaged therein with the sealing boot 2600, FIG. 12B is a longitudinal
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cross-sectional view of the connector 2100 in another state, such as an uncompressed (or less
compressed) configuration compared to FIG. 12A. As shown, the set screws 2106 have been
removed which can allow further movement of the shuttle 2500 and compression or
decompression of the sealing boot 2600. As illustrated, the shuttle 2500 and sleeve 2700 have
moved away from the boot 2600, thereby allowing the boot 2600 o expand relative fo
FIG. 12A. In some implementations, FIG. 12B illustrates an example in which the
connector 2100 is at a lower temperature and/or pressure compared to FIG. 12A,

16125] The inner core or stop component 2901 can include certain features that
can provide a seal agaiust the interior of the housing 2400. For example, as ilustrated, the
stop component 2901 can include one or more gaskets {(e.g., O-rings) 2914. The gaskets 2914
can be retained by one or more retaining units, such as retaining rings. In some embodiments,
the gaskets 2914 provide a seal that inhibits or prevents hiquids, gases, and/or particles from
passing between the exterior of the stop component 2901 and the interior of the housing
2400. In certain imoplementations, the gaskets 2914 inhibit or prevent pressurized fluids {(e.g.,
at well pressure} from passing between the stop component 2901 and the housing 2400,
Some embodiments do not include gaskets (e.g., O-rings) on the outside of the stop
component 2901. In some implementations, the stop component 2901 is formed integrally
with or mechanically fastened with the housing 2400 in a manner that inhibits or prevents
leakage between the two (e.g., press fit or forging).

[6126] FIG. 13 illustrates the connector 2100 with the housing 2400 removed to
show certain of the internal components of the sealing assembly 2300. The three cables 2022,
2024, 2026 extend into the connecter 2100 through a ferrule 2190 having one or more
apertures for receiving the individual cables or the cable bundle 2020, The three cables 2022,
2024, 2026 can extend through the spring 2150 and into three corresponding bores 2510 of
the shuttle 2500. The three cables 2022, 2024, 2026 can extend into three sleeves 2700
corresponding to the bores 2510, The spring 2150 can bias the shuttle 2500 toward and/or
against the stop component 2901, For example, the outer ends of the sleeves 2700 can be
inserted into openings 2910 (FIGS. 124, 12B) of the stop coroponent 2901 that correspond to
the sleeves 2700. The three cables 2022, 2024, 2026 can extend through corresponding

openings 2910, The outer ends of the sleeves 2700 can contact and compress sealing boots
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2600 (FIGS. 124, 12B) disposed correspondingly within the openings 2910. The force from
the biasing member 2150 can compress or buckle the sealing boots 2600 around the cables
2022, 2024, 2026 thereby providing a seal through the stop component 2901, The gaskets
2914 can provide a seal between the housing 2400 (not shown) and the stop component 2901,

6127} FIGS. 14A-14B illustrate an example of the sealing assembly 2300. Ag
shown, in some embodiments, the assembly 2300 includes a plurality (such as two, three, or
more) sleeves 2700 that correspond to the number of openings 2910 of the stop
component 2981, The openings 2910 can extend into the stop component 2901 with the
sealing boots 2600 disposed theren. In certain troplementations, the shuttle 2500 can nclude
one or more grooves, retaining rings, bushings, and/or gaskets (similar to grooves 1541-1544,
retaining rings 1532, 1534, bushings 1531, 1536, and gaskets 1533, 1535 described above in
relation to shuttle 1500). The grooves, retaining rings, bushings, and/or gaskets can provide a
seal that inhibits or prevents liquids, gases, and/or particles from passing between the exterior
of the shuttle 2500 and the interior of the housing 2400.

(6128} The connector 2100 can provide a different sealing configuration than the
connector 100. For example, in certain implementations of the conuvector 100, the sealing
boot 600 is positioned within the shuttle 500. The sealing boot 600 seals around the cable 22
and an additional seal is formed between the stop component 800 and the sleeve 700. This
additional seal can be achieved in various ways, such as with one or more gaskets {(e.g., using
O-rings 714) located between an outside of the sleeve 700 and an inside of the stop
component 800, as illustrated in FIG. 1B. The combination of the sealing boot 600 and the
additional seal can inhibit or prevent pressure leakage 1o the direction toward the second end
2104, In the connector 2100, the sealing boot 2600 is disposed within the opening 2910 of the
stop cornpovent 2901, To certain implementations, the sleeve 2700 does not have gaskets,
such as between the sleeve 2700 and the shuttle 2500, In some embodiments, the sealing boot
2600 provides the primary and/or sole seal around the cable 2020 and/or against the walls of
the opening 2910 to inhibit or prevent pressure leakage in the direction toward the second end
2104. This can increase the reliability and/or sealing performance of the connector 2100,

reduce the number of parts in and the complexity of the connector 2100, and/or reduce cost.
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(6128} In a conirolled environment, ten samples of the connector 2100 lustrated
in FIGS. 12A and 12B were tested. The samples were exposed to a mixture of water, diesel,
and nitrogen gas. The saruples were subjected to a temperature of about S00°F and a pressure
differential (between the first end 2102 and the second end 2104) of about 800 psi. The
saroples were maintained at this temperature and pressure for about 9 days. Each of the
samples were observed to prevent pressure from leaking through the second end of the
connector and to not suffer any electrical fatlures.

Certain Terminology

16138} Although systems, devices, and methods of the connectors have been
disclosed in the context of certain embodiments and examples, it will be understood by those
skilled in the art that the assemblies extend bevond the specifically disclosed embodiments to
other alternative embodiments and/or uses of the embodiments and certain modifications and
equivalents thereof. Use with any structure is expressly within the scope of this invention.
Various features and aspects of the disclosed embodiments can be combined with or
substituted for one another in order to form varying modes of the assembly. The scope of this
disclosure should not be limited by the particular disclosed embodiments described herein.

16135 Certain features that are described in this disclosure in the context of
separate implementations or embodiments can also be implemented in combination in a
single implementation or embodiment. Conversely, various features that are described in the
context of a single implementation or embodiment can also be implemented in multiple
implementations or embodiments separately or in any suitable subcombination. Moreover,
although features may be described above as acting in certain combinations, one or more
features from a claimed combination can, in some cases, be excised from the combination,
and the combination may be claimed as any subcombination or variation of any
subcombination,

16132] Terms of orientation used herein, such as “top,” “bottom,” “proximal,”

5

“distal,” “longitudinal,” “lateral,” and “end,” are used in the context of the Ulustrated
embodiment. However, the present disclosure should not be limited to the illustrated
orientation. Indeed, other orientations are possible and are within the scope of this disclosure.

Terms relating to circular shapes as used herein, such as diameter or radius, should be
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understood vot to require perfect circular structures, but rather should be applied to any
suitable structure with a cross-sectional region that can be measured from side-to-side. Terms
relating to shapes generally, such as “circular,” “cylindrical,” “semi-circular,” or “semi-
cylindrical” or any related or similar terms, are not required to conform strictly to the
mathematical definitions of circles or cylinders or other structures, but can encompass
structures that are reasonably close approximations.

[8133] Conditional language, such as “can,” “could,” “might,” or “may,” unless
specifically stated otherwise, or otherwise understood within the context as used, is generally
mtended to convey that certain embodiments include or do not include, certain features,
elements, and/or steps. Thus, such conditional language is not generally intended to tmply
that features, elements, and/or steps are in any way required for one or more embodiments.

(8134 Conjunctive language, such as the phrase “at least one of X, Y, and 2.7
unless specifically stated otherwise, is otherwise understood with the context as used in
general to convey that an item, term, ete. may be either X, Y, or Z. Thus, such conjunctive
language is not generally intended to imply that certain embodiments require the presence of
at least one of X, at least one of Y, and at least one of Z.

L AT

[8135] The terms “approximately,” “about,” and “substantially” as used herein
represent an amount close to the stated amount that still performs a desired function or
achieves a desired result. For example, in some embodiments, as the context may dictate, the

2% &¢

terms “approximately,” “about,” and “substantially,” may refer to an amount that is within
less than or equal to 10% of the stated amount. The term “generally” as used herein
represents a value, amount, or characteristic that predominantly includes or tends toward a
particiilar value, amount, or characteristic. As an example, in certain embodiments, as the
context may dictate, the term “gencrally parallel” can refer to something that departs from
exactly parallel by less than or equal to 20 degrees.

16136] Some embodiments have been described in connection with the
accompanying drawings. The figures may be to scale, but such scale should not be limiting,
since dimensions and proportions other than what are shown are contemplated and are within
the scope of the disclosed invention. Distances, angles, etc. are merely illustrative and do not

necessarily bear an exact relationship to actual dimensions and layout of the devices
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itlnstrated. Components can be added, removed, and/or rearranged. Further, the disclosure
herein of any particular feature, aspect, method, property, characteristic, quality, attribute,
element, or the like in connection with various embodiments can be used n all other
embodiments set forth herein, Additionally, it will be recognized that any methods described
herein may be practiced using any device suitable for performing the recited steps.
Summary

181371 In summary, various embodiments and examples of systems, devices, and
methods of connectors have been disclosed. Although these have been disclosed in the
context of those embodiments and examples, this disclosure extends beyond the specifically
disclosed embodiments to other alternative embodiments and/or other uses of the
embodiments, as well as to certain modifications and equivalents thereof. This disclosure
expressly contemplates that various features and aspects of the disclosed embodiments can be
combined with, or substituted for, one another. Accordingly, the scope of this disclosure
should not be limited by the particular disclosed embodiments described above, but should be

determined only by a fair reading of the claims that follow.
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THE FOLLOWING IS CLAIMED:

i, An electrical connector comprising:
a housing comprising a longitudinal axis;
a sealing assembly positioned in the housing, the sealing assembly
comprising:

a stop component having a bore extending therethrough and a
shoulder, the stop component fixedly positioned in the housing;

a shuttle configured to move relative to the stop component along the
longitudinal axis;

a sleeve projecting from the shuttle, the sleeve extending between a
first end and a second end, the sleeve configured to move with the shuttle as a
unit;

a spring positioned in the bousing, the spring biasing the shuttle
towards the stop component; and

a sealing boot comprising a first end, a second end, and a channel, the
sealing boot positioned in the bore of the stop component, the first end of the
sealing boot abutted against the shoulder of the stop component, the second
end of the sealing boot configured to abut against the first end of the sleeve,

wherein the sealing boot is configured to receive a cable through the
channel and to form a seal around the cable by applying a sealing load around
the cable, the sealing boot configured to buckle in response to the shuttle
moving toward the stop component, thereby increasing the sealing load arcund
the cable.

2. The connector of Claim 1, wherein the sleeve finther comprises an aperture,
the aperture configured to receive the cable therethrough, wherein the cable can pass through
the sleeve and the shuttle.

3. The connector of Claim 1, wherein an outer surface of the sealing boot
comprises one or more ridges and one or more valleys.

4. The comnector of Claim 1, wherein, when the sealing boot buckles, an inner

diameter of the channel of the sealing boot decreases,
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5. The comnector of Claim 4, wherein, when the sealing boot buckles, an outer
diameter of the sealing boot increases.

6. The connector of Claim 1, wherein the longitudinal length of the sealing boot
decreases as the shuttle moves toward the stop component.

7. The connector of Claim 1, wherein, when the shuttle moves along the
longitudinal axis towards the stop component, the first end of the sleeve is received within
the bore of the stop component.

8. The connector of Claim 1, wherein the connector is configured such that the
shuttle moves toward the stop component in response fo an increase in ambient temperature.

9. The connector of Claim 1, wherein the second end of the sleeve is positioned
in a cavity in the shuttle.

10. A connector for providing a seal around a cable, the connector comprising:

a support structure comprising an opening;

a movable shuttle having a bore extending therethrough, the bore configured
to receive the cable, the shuttie configured to move relative fo the support structure;

a sealing boot having a channel extending therethrough, the channel
configured to receive the cable, the sealing boot positioned within the opening of the
support structure, the sealing boot configured to collapse when compressed along
a longitudinal axis; and

a sleeve having an aperture extending therethrough, the aperture configured fo
receive the cable, the sleeve exitending outward from the shuitle and moveable with
the shuttle, the sleeve configured to be at least partially received in the opening of the
support structure and o contact the sealing boot,

wherein, when the sealing boot is compressed and collapses, a length of the
sealing boot measured along the longitudinal axis decreases and an inner diameter of
the channel of the sealing boot decreases.
i1, The connector of Claim 10, wherein the sealing boot comprises an elastomeric

material.

-43.



WO 2019/199564 PCT/US2019/025761

12.  The connector of Claim 10, wherein the sealing boot is configured to provide
an amount of sealing around the cable that is a function of the position of the shuttle relative
io the support structure,

13, The connector of Claim 10, wherein, when the sealing boot is compressed and
collapses, an outer diameter of the sealing boot increases.

14,  The connector of Claim 10, wherein the opening includes a shoulder, and
wherein a first end of the sealing boot abuts against the shoulder.

15. The connector of Claim 14, wherein a first end of the sleeve exiends into the
opening and abuts against a second end of the sealing boot, and wherein the sealing boot is
compressed between the shoulder and the first end of the sleeve as the shuitle moves towards
the support structure.

16.  The comnector of Claim 10, wherein a length of the sealing boot is less than a
length of the opening such that the entire sealing boot is posttioned within the opening.

17.  The connector of Claim 10, further comprising a spring that biases the shuttle
towards the support structure.

18. The connector of Claim 10, wherein the sleeve is monolithic with the shuttle,

19. A method of sealing an elecirical cable, the method comprising:

receiving a first pressure on a first end of a moveable shuttle of an electrical
connector;

receiving a second pressure on a second end of the shuttle, the second pressure
being about equal to the first pressure;

biasing the shuttle with a biasing member;

at least partly io response to the bias of the biasing member, moving the
shuttle and a sleeve extending therefrom within a housing of the electrical connector
and towards a support structure of the electrical connector;

compressing a sealing boot that is positioned within an opening of the support
structure, wherein compressing the sealing boot comprises compressing the sealing
boot between a shoulder of the support structure and an end of the sleeve that is
positioned within the opening;

buckling the sealing boot; and
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adjusting a sealing load arcund the cable in response to the buckling of the
sealing boot.

20.  The method of Claim 19, further comprising increasing an outside diameter of
the sealing boot.

21, The method of Claim 19, wherein adjusting the sealing load around the cable
in response to the buckling of the sealing boot comprises increasing the sealing load around
the cable in response to an increase in ambient temperature,

22.  The method of Claim 19, wherein the biasing member comprises a helical

spring.
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