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SEALED CONNECTOR WITH TRIGGERED MATING
AND METHOD OF USING SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

(0001} This apphication clanns the benefit of US Provisional Application Neo. 62/578 610, filed

October 30, 2017, the entire contents of which is hereby incorporated by reference herein.
BACKGROUND

(00021 The present disclosure relates generally to connection technology. More specifically,
the present disclosure relates fo connectors usable for connecting equipient in harsh andfor
other environments.

[0003] Counnectors, such as fiber optic andfor electric connectors, are used to connect various
equipment. Some connectors are used to join optical and/or electric cables to extend such cables
over a distance. These connectors include components that enable signals to pass from one cable
to another. Some other connectors are used to conneet cables to power sources or other
equipment. These power connectors miay mclude components that enable power to pass through
the cable and to the equipment via the connector. Examples of conneciors are provided mn Patent
Nos. 1JS5838837, 1IS8226303, LIS6929404, UIST64R285, UST004638, and US6017227, the
entire contents of which are hereby tncorporated by reference herein.

(0004} In some cases, connectors are used m harsh environments, such as offshore and subsea
focations. Exposure to these harsh environments may cause damage to the connector, cables, and
assoctated equipmment. Devices, such as terminations, have been developed for use in such harsh
enviromuents. Examples of terminations are provided m Patent/Apphication Nos. US4598290,
US2016/0004016, US20140233898; US6796821, US4545645, US6584233, US6028974,
UST338215, USTIR2617, US4S16830, USS048921, USH33¥579, USS076657, US4SR0E74,
EP12916%4and WO2017161 185, the entire contents of which are hereby incorporated by
reference heremn.

[0005] Despite the advancements in connector technology, there remains a need for connectors
caprable of effective and efficient operation m even the harshest environments. The present

disclosure 15 directed af providing such needs.
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SUMMARY

{0006} In af least one aspect, the disclosure relates to a sealed connector for commmunicatively
connecting equipment postiioned in a harsh environment. The seal connector comprises a sealed
plug and a sealed receptacle. Each of the sealed plug and the sealed receptacle, comprises a
housing; a suppott secured in the housing; a bladder assembly, a trigger assembly, and contacts.
The bladder assemnbly 1s connected to the support, and comprises an expandable bladder and a
seal plate. The seal plate is carmied by the expandable bladder through the housing between an
expanded position about an opening i the housing and a contracted position a distance from the
opening. The trigger assembly 1s supported o the expandable bladder by the support fo form a
sealed chamber therebetween, and comprises at least one rod extendable through the bladder and
the seal plate. The contacts are supported in the expandable bladder by the support, the contacts
communicatively coupled o the equipment. When the housimg of the sealed receptacie 15
matingly connected fo the housing of the sealed plug: the seal plate of the sealed receptacle 1s in
sealing engagement with the seal plate of the sealed plug; the trigger assembly of the sealed plug
extends through the seal plate of the sealed plag and the trigger assembly of the sealed plug
extends through the seal plate of the sealed receptacle and mifo trigpered engagement with each
other; a passageway through the seal plate of the sealed plug and a passageway through the seal
plate of the sealed receptacle are open; and the contact of the sealed plug extends through the
passageway of the sealed phig and the passageway of the sealed receptacle and into engagement
with the contact of the sealed receptacle.

100071 The sealed connector of claum 1, further comprisimg an additional bladder within the
expandable bladder. The expandable bladder tube has af least one of peripheral ribs and a lip.
The expandable bladder tube has a first rib section and a second rib section, the first rib section
more flexible than the second nib section. The seal plate comprises a plate, a disc, and seals. The
seal plate comprises tubular member and a disc positionable about the tubular member. The seal
plate has holes for receiving portions of the contacts and the trigger assembly therethrough. The
sealed plate comprises plate seals posittoned about the holes. The bladder assembly further
comprises a bladder spring. The tnigger assembly further comiprises a base. The frigger assembly
further comprises a frigger spring. The trigger assembly of at least one of the sealed plug and the
sealed receptacle further comprise tines. The fines comprise a rod with fingers. The trigger

assembly further comprises tabs. The trigger assembly further comprises a plunger. The support
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has a bore therethrongh fo receive the trigger assembly. The contacts comprise fiber oplic
contacts. The contacts comprise electric contacts. The contacts comprise an msulator, a
conductor, and a seal shafl. The sealed connector further comprises a fluid disposed in the sealed
chamber and pressure balanced theremn. The housing 15 a modular housing comprising a tip, &
base, and a tube. The support of the sealed plug and the support of the sealed connector are
identical.

[0008] In another aspect, the disclosure relates to a sealed connection system for
conununicatively connecting equipment positioned 1o a barsh enviromment. The sealed
connection system comprises a sealed plug and a sealed receptacle. The sealed plug comprises a
sealed plug housing; a plug support secured in the plag housing, the plug support having a
bladder end extendmg mto the phig housing; a plug bladder baving a support end secured to the
bladder end of the plug support and a seal end having a plug seal plate thereon, the plug seal
plate shdably movable in the plug housing as the plug bladder extends and refracts; a plug trigger
supported by the plug support in the plug bladder to form a sealed chamber therebetween, the
plug trigger extendable through the bladder and the plug seal plate; and plug contacts supported
by the support and extendable into the plug bladder. The sealed receptacle comprises a sealed
receptacle housing matingly receivable in an opening in the sealed plug housing; a receptacle
support secured m the receptacle honsing, the receptacle support baving a bladder end extending
into the receptacle housing; a receptacle bladder having a support end secured to the bladder end
of the receptacie support and a seal end having a receptacle seal plate thereon, the receptacle seal
plate shidably movable n the receptacle housing as the receptacle bladder extends and refracts;
and a receptacle frigger supported by the receptacle support m the receptacie bladder to forma
sealed chamber therebetween, the receptacle frigger extendable through the receptacle bladder
and the receptacle seal plate to engage with the plug trigger; and receptacle contacts supported
by the support and extendable into the receptacle bladder. When the receptacle housing and the
plug housing are mated together: the trigger assemblies are mn a irigeered position extending
through the bladder and the seal plates and into inggered engagement with each other and
passageways throngh the seal plates are open; and the plug contacts are in an extended position
through the passageways and in engagement with the receptacle contact.

[0009] The sealed connection system further comprises a harness. The sealed connection

system further comprises a connection assembly. The comnection assembly comprises a
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connection housing and lock plates. The sealed connection systemn further comprises a
termmation.

(0016} Fmally, in another aspect, the disclosure relates to a method of conmmunmicatively
connecting equipment positioned m a harsh environment. The method comprises
communicatively coupling a sealed plng to a first piece of the equipment; communicatively
coupling a sealed recepiacle to a second piece of the equipiment; communicatively coupling the
sealed plug to the sealed receptacle byv: advancmg the sealed receptacle and the sealed plug
together; forming a bladder seal between a phig bladder assembly in the sealed plug and a
receptacle bladder assembly in the sealed recepiacle; while mamtaining the bladder seal, opening
passagewayvs through the sealed plug and ihe sealed receptacie by extending trigger assemblies
of the sealed plug and the sealed receptacie through the bladder assemblies and mfo engagement
with each other; and advancing contacts of the sealed plug through the passageways and mto
engagentent with corresponding contacts of the sealed receptacle.

[0311] The advancing the sealed receptacle comprises receiving an end of the sealed receptacle
mto an end of the sealed plug. The communicatively coupling comprises overconung a spring
force of at least one of the bladder assemblies. The communicatively coupling the sealed plng to
the sealed receptacle comprises overcoming a spring force of at least one of the plug assemblies.
The extending the trigger assemblies through the bladder assemblies and into engagement with
each other comprises: extending a plug trigger assembly through the plug bladder and extending
a receptacle trigger assembly through the receptacle bladder; and engaging the plug frigger
assembly with the receptacle trigger assembly. The opening passageways through the sealed plog
and the sealed receptacle 1s performed by engaging the plug trigger assembly with the receptacle
trigeer assembly such that tines of the trigger assembly collapse away from the passageways.
(00121 This sununary is not intended to be hmiting of scope. Further aspects of the disclosure

are provided herem.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] So that the above recited features and advantages of the present disclosure can be
understood 1 detail, a more particular description of the mvention, briefly sununarized above,
may be had by reference to the embodiments thereof that are illustrated m the appended

drawings. The appended drawings illustrate example embodunents and are, therefore, not to be
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considered luniting of is scope. The figures are not necessarily fo scale and certain features, and
certain views of the figures may be shown exaggerated i scale or 1 schematic in the mterest of
clarity and conciseness.

[0014] Figure 1A 15 a schematic diagram depicting an oftshore well with a comunication
system including a commumcation source, a cable, a protective ternunation, and a sealed
connector.

(0015} Figure 1B is a schematic diagram depicting an example confignration of the
conununication system of Figure 1A with the sealed connector in a detached position.

(00161 Figures 2A-2B are exploded and partial cross-sectional views of a protective
termination with the sealed connector.

(00171 Figures 3A-3D are schematic diagrams of a portion 3 of Figure 1B depicting the sealed
connector mcluding a sealed plug and a sealed receptacle in an uninated, engaged, triggered. and
mated position, respectively.

[0(18] Figures 4A-4D) are varicus views of the sealed plug.

[0019] Figure 5 1s a perspective view of a plug internal support.

[0020] TFigure 6 15 a perspective view of a plug contact.

[0021] Figure 7 1s a perspective view of a contact collar.

(00221 Figwre 8 1s an exploded view, partially in cross-section of a plug bladder assembly.
(002371 Figuares 9A -9C are partinl cross-sectional views of face seals of the plug bladder
assembly.

(0024} Tigore 10 15 a perspective view of a retainer ring.

[0025] Figures 11A and 11B are perspective views of a plug tine assembly in an expanded and
collapsed position, respectively.

[0026] Figures 12A-12D are various views of the sealed recepiacle.

(00271 TFigure 13 is a perspective view of a receptacle mternal support.

[0028] Figure 14 is a perspective view of a receptacle contact.

[0029] Figure 15 1s an exploded view, partial in cross-section of a receptacle bladder assembly.
(00301 Figures 16A and 16B are perspective views of a receptacle tine assembly iy an
expanded and collapsed position, respectively.

[0031] TFigures 17A-17B are perspective and end views, respectively of the sealed connector in

& pre-inafing posttion.
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[0032] Figure 18A—18T are cross-sectional views of the sealed conunector of Figure 175 taken
along hne 18-18 and shown i vartous stages of connection.

[0033] Figure 19A -19C are detailed views of portions 19A-19C of the sealed connector of
Figuares 180, 18G, and 181, respectively.

(0034} Figure 20 15 a graph showmng a relation between force and distance for springs of the
sealed connector.

[0035] Figure 21 is a partial cross-sectional view of another sealed connector having a multi-
laver bladder.

[0036] Figure 22A and 22B are cross-sectional views of a portion of the sealed connector with
a time return assist.

(00371 Frgure 23A and 23B are perspective views of the tine return assists 1 an undepressed
and depressed posttion, respectively.

[0038] Figure 24 is a cross-sectional view of a portion of vet another sealed connector having
baoth optical and electric contacts.

[0039] Figure 25 is a perspective view of the sealed connector supported by a retention
mechanisin and 2 retention handle.

[0040] Figure 26 i1s a perspective view of the retention handle.

(00411 Figure 27A and 278 are perspective view of a lock plate with and without a 1nib spring,
respectively.

(00421 TFigure 28A-28D are partial cross-sectional view of the retention mechanism o an un-
engaged, engaged, locked, and nnlocked position, respectively.

[0043] TFigures 29 and 30 are cross-sectional views of another version of the sealed plug and
the sealed recepiacie.

[0044] Figures 31 is a perspective view of a bladder.

{00451 Figure 32 15 a perspective view of a seal plate.

[0046] Figures 33A and 33B are perspechive views of seal ends.

[0047] Figures 34A and 34B are exploded perspective views of tine assemblies.

(00481 Figure 35 is a perspective view of a tine base.

(00491  Frgure 36 1s a partial cross-sectional view of a protective termination with an electrie
sealed connector.

[0050] Figures 37A-37D are schematic diagrams of the electric sealed connector in an
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unmated, engaged, iriggered, and mated position, respectively.

[0051] Figwres 38A-3RC are various views of the electric sealed plug.

{0052} Figure 39 15 a cross-sectional view of an electric plug contact.

[0053] Figures 40A-40C are vartous views of the electric sealed receptacie.

(0054} Figure 41 15 a cross-sectional view of an electric receptacle contact.

[0035] Frgures 42A-42B are various views of the eleciric sealed connector in a pre-mating
position.

[0056] Figure 43A—43F are cross-sectional views of the electric sealed connector of Figure
42B taken along line 43-43 and shown in various stages of connection.

(0037} Figure 44A -44C are detailed views of portions 44A-44C of {he electric sealed
connector of Figures 43C, 43D, and 43E, respectively.

[0058] TFigure 45 15 a How chart depicting a method of assembling and using a sealed

connector, respectively.
DETAILED DESCRIPTION

[0059] The description that follows includes exemplary apparatus, methods, techniques, and/or
mnstruction sequences that embody tecluniques of the present subject matter. However, #H 18
understood that the descnibed embodiments may be practiced without these specific details.
[0060] The present disclosure relates to a sealed connector for use in even the harshest
environments. The sealed connector inclndes a sealed plug sealingly connectable to a first
component and a sealed receptacle sealingly comnectable {o a second component to provide
independent seals about each of the sealed plug and the sealed receptacie, and a combined seal
therchetween. The sealed plug and sealed receptacle are mateable such that a seal 1s mamntained
between the sealed plug and the sealed receptacle while a connection 1s made therebetween. The
sealed plug and sealed receptacle are each provided with triggers that allow the sealed plug and
sealed receptacle to shift to a mating position for connection while a seal is maintained about
both the sealed plug and the sealed receptacie.

[0061] The sealed connector may be used o mamtain a seal about various components as they
are connected. The components connected by the sealed connector may be cable components
{e.g., fiber optic, electric, andfor other cables, termunations, hamesses, etc.) and/or equipment

{e.g.. subsea equipment, etc.). Some versions may mnclude ‘all electric”, all optical, andior
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corpbinations of cable components.

{0062} The sealed connector may be nsed m any environment, including harsh environments.
A “harsh environment”™ as used herein refers to any location where the disclosed connector may
be used 1 which conditions may be damaging to the connector {or components thereof), cable
components carried by the cable {e.g., optical fibers, electric wires, etc.), other portions of the
connector, and/or equipient usable therewith. The harsh environment may include harsh
conditions, such as damaging matenials {e.g., corrosive or foxic materials and/or flnids {e.g.,
seawater, saline, etc.), chemicals {e.g., compositions that are etther naturally present or disposed
to ambient, hydrogen from cathodic protection system and other gases}), high pressure anddor
temperature {e.g., above ambient}, and/or other conditions that may lead to damage (e g.,
functional performance degradation} of the connector, the cable, and/or other portions of the
connector and/or the equipment usable therewith {suddenly or over tume). Examples of harsh
environments and devices used theremn are described in PCT Patent Application No.
WO2017/161185, the enfire contents of which is herebv incorporated by reference herem.
[0063] The sealed connector may be intended to provide one or more of the following
capabilities: modular configuration, pressure balanced connection, mterfacing with a vartety of
equpment, redundant sealing lavers. sealing about separate and corbined componenis of the
connector, isolated cable components, contacts isolated from exposure to harsh conditions,
flexible nse with various cable components, retention mechanisms to keep the portions of the
connector m place until disconnecied, etc.

COMMUNICATION SYSTEM

[0064] Figures 1A and 1B depict schematic views of a sealed connector 132ab usableina
communication {or fiber optic) svsteny 122 at a wellsite 100, While Figure 1A shows an offshore
wellsite 100, the sealed connector 132a,b mavy be used in a variety of applications, such as
applications m any harsh or non-harsh environment. In this example, the wellsite 100 meludes
surface equipment 104 and subsea equipment 106, Also, while Figure 1 depicits the sealed
connector 132a.b m use with a fiber optic termunation 102 and fiber optic system 122, other
terminations and/or comimnycation systems may be used, such as electric terminations and
systems.

[0065] The swface equipment 104 meludes a platform 108, a rig 110, and a swwface unit 112,

The rig 110 may optionallv be placed on an offshore vessel, an onshore rig stle, or other location.
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The surface umit 112 may be an operator’s facility meluding a central processing wut (CPU) and
associated electronics {e.g., database, power, communication, contrel, andfor other devices). The
surface wmit 112 may also include a sowrce 114 usable with the fiber optic termination 102 for
conuunication about the wellsite 100.

(00657 The subsea equipment 106 includes a riser 118§, sea floor equipment 120, 126, and the
fiber optic system 122, The fiber optic svstem 122 wmicludes the fiber optic tenmination 102 and
the sealed connector 132a. The riser 118 extends from the nig 110 to a wellbore 116 for passing
flmd therebetween. The riser 118 may have condutis {e.g., choke and kil limes) and/or other
equipment usable therewith.

[0067] The sea floor equipment 120, 126 is positioned on the sea floor 115 sbout the wellbore
116 for performing wellsite operations. The sea floor equapment 120, 126 may include a vanety
of equupment, such as a blowout preventer, low riser marine package {LRMP}, production tree,
subsea distribution, and/or other devices used for performing wellstie operations.

[0(68] The fiber optic svstem 122 may include the source 114, one or more fiber optic cables
121, and/or one or more of the fiber optic terminations 102. The fiber optic system 122 may be
coupled between the source 114 and the sea floor equpment 120 for communication
therebetween. The fiber optic termunation 102 may be positioned about {e.g., coupled to or
postiioned m) the surface wut 112 andfor the sea floor equipment 120 {e.g., near or away from
the wellbore, e g, at subsea disiribution equipment).

(00691 The fiber optic ternunation 102 may also be coupled to the source 114 andfor other
surface equipent 104 by the {iber optic cable 121 for operation therewith. The fiber optic cable
121 mav be connected between the source 114 and the fiber optic termunation 102 andfor
between the sea floor equipment 120 and the fiber optic ternunation 192 for passing signals
therebetween. The source 114 may have a laser to pass hight through the fiber optic cable 121 for
measuring wellsite parameters. The CPU andfor electronics at the surface unit 112 may be used
for sendmg sigpals {e.g., command, confrol, etc.) and/or recerving signals {e.g., measured data)
from the fiber optic system 122 and/or the source 114

{00701 The fiber optic ternunation 102 may be a variety of devices capable of connecting the
fiber optic cable 121 to the wellsite equipment for operation (e.g., commumceation} therewith
For example, the fiber optic ternunation 102 may be a FIBERSAFE™ fermination commercially

avatlable from ORMOND ENERGY INNOVATIONS INC. ™ gt www . oel2 com aud
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www.thefibersafe.com. Examples of fiber oplic communication sysferns and/or ferminations that
may be used are disclosed inn in Patent/ Application Nos. US4598290, US2014023389§;
USH790821, US4545643, USH3IR4233, USH028974, USTI3R2135, US45106830, US3048921,
US6338579, USS076657, US4580874, EP1291694 and WO2017161 185, previously
mcorporated by reference heremn.

(00711 Conmmunication couplings 124 may be provided about the wellsite 1060 for passing data,
power, coitrol, and/or other signals therebetween. Communication couplings may be provided
with on or offsite locations for operating the vantous equipment. The fiber optic system 122 may
be usable as one or more of the communication couplings 124 for conmumication about the
wellsite. The fiber optic system 122 may be used to provide the commurication coupling
between the varions equipment above the wellsite, such as the sea floor equipment 120 and/or
the swiace unit 112, for passing data therebetween. The fiber optic system 122 may be part of or
separate from the commumcation couplings 124, The sea floor equipment 120, 126 mav be
connected by a communication coupling in the form of a fiber optic barness 134,

[0072] The fiber optic svstem 122, communication couplings 124, and/or hamness 134 may be
used to provide the communication between the various equipment about the wellsite 100, such
as the sea floor equupment 120, 126 and/or the surface umt 112, for passing data therebetween.
The termnations 102 and/or sealed conpectors 132a b may be used to sealingly connect various
portions of the wellsite, such as the conmuunication couplings 124 and their respective
equipment. The sealed connector 132a,b may be provided for connecting various equupment
{e.g., the sea floor equipment 120, 126} and’or portions of the fiber optic system 122. Each end
of the fiber optic harness 134 may be connected to the sea floor equipment 120, 126 by a sealed
connector 132a b,

[0073] The sealed connector 132a.b may also be coupled by a communication coupling 124 to
the fiber optic termuination 192, The sealed connector 1323 b may be used to removably connect
equipment {e.g., sea floor equipinent 120, 126), the fermination 102, andfor other devices. The
sealed connectors 132a.b each include a sealed plug 128a.b and a sealed receptacle 130a.b that
are mdividually sealed, and jointly sealable when matably connected. The sealed connectors
132ab are infended to maimntain a seal about the commumication links, such as cables and/or
fibers, passing therethrough while unmated, during mating, and after mating 1s completed as is

deseribed further herein.
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[0074] Figures 1B-2B show various views of the sealed connectors 132a,b i use with the fiber
ophic termination 102 andfor the fiber optic system 122, As shown by these views, the sealed
connectors 132a.b may be connected between portions of the fiber optic system 122 to provide a
releasable connector that maintams a seal during connection and disconnection.

[0075]  As shown in Figure 1B, the fiber optic svstem 122 includes the source 114 coupled by
the cable 121 to the termination 102. The termination 102 is removably counected to equipinent
126 by the sealed connectors 132a,b. The communication systemn 122 is depicted as a fiber optic
system 122 with optical fibers 222 extending through the cable 121 and mto the fermination 102.
{0075} The termination 102 m this example has a housing 328 and a fiber connection assembly
327. The fiber connection assembly 327 includes a storage base 334, a mantfold 330, tube jotnis
323, and tubes 224, 324 {o sealingly protect the optical fibers 222, The optical fibers 222 from
the cable 121 extend nto the housing 328, through the storage base 334, and through the
mantfold 330, The optical fibers 222 also pass through the cable tubes 224 and the termination
tubes 324, Tube joints 323 are provided to seal about transitions between the tubes 224, 324
and/or components of the fermination 102. The optical fibers 222 extend from the housing 328 m
the ternyination tubes 324 for coupling to the sealed connector 132a. The termination 102 may
provide a seal about the optical fibers 222 as described, for example, n WO2017161185.

(00771 The sealed plug 128a of the sealed connector 132a is connected to an end of the
termunation 132, The sealed receptacie 130a ix connected to a first end of the harness 134, When
the sealed plug 128a and the sealed receptacle 130a are mated, signals from the optical fibers 222
may pass from the source 114, through the ternunation 102, and to the harness 134 via the sealed
connector 132a. At least a porfion of the ternunation 102 and the sealed connector 132a may be
supported by the seafloor equipment 120 (Figure 2A).

[0078] The sealed receptacle 130b of the sealed connection 132b is connected fo a second end
of the harness 134. The sealed plug 128b is connected to the seafloor equipment 126, A portion
of the housing 328d of the termunation 102 may be positioned bebween the sealed plug 128a and
the sealed receptacle 130b. When the sealed plug 128b and the sealed receptacle 130b are mated,
signals from the optical fibers 222 mavy pass to from the harness 134 to the sea floor equipment
126 via the sealed connection 132b.

[0079] As shown in Figure 2B, the sealed plug 1283 has a plug housing 416 sealingly

connectable to the termination 102, and contacts 404 sealingly and operatively connectable to the
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tubes 324 by fube jpinis 323 with the opiical fibers {e.g., 222 of Figwre 1B) therein. The
receptacle 130a has a receptacle housing 716 and contacts 704 sealingly and operatively
connectable to the tubes 324 and tube joints 323 of a barness connector 329. The harness
connector 329 mcludes a connection housing 268 and flexible housing 270 that connects the
sealed receptacle 130a fo the harness 134 to pass the optical fibers therethrough. The contacts
404 of the sealed plug 128a and the contacts 704 of the sealed receptacle 130a are profectively
sealed.

[0080] The configuration of Figures 1A — 2B show a sealed enviromment for passing the
optical fibers 222 of the optical cable 121 from the source 114 to the various equipment 120,
126, The optical fibers 222 are protecied within the sealed housing 328 and protective tubes 224,
324 as they pass throngh the ternupation 102, The optical fibers 222 may be sealingly connected
to contacts 404 in the sealed plug 128a and contacts 704 of the sealed receptacle 130a,
respectively. The sealed plug 128a,b and sealed receptacle 130a.b also maintain a seal about
contacts 404,704 prior to and during connection to maintain fhaid isolation about the optical

fibers 232 and the contacts 404,704 as 15 described further hervem.
CONNECTOR ASSEMBLY

(0081} Figures 3A-3D show the sealed connector 132a in vartous positions including an
unmated, engaged, riggered, and mated postiion, respectively. As shown m these views, the
sealed plug 128a and the sealed receptacle 130a each include the housing 416,716, the contacts
404,704, tine assemblies 406,706, push rod {Irigger) 408,602, and bladders 411,711 as will be
described further herein. For introductory purposes, a sealing operation of sealed connector 132a
1s introduced briefly here.

(00821 When unmated {Figure 3A), the tine asseniblies 406, 706 are in an expanded position
and the confacts 404, 704 are secaled withun the housings 416, 716, When the sealed plug 128a
and the sealed receptacle 130a engage (Figure 3B), push rods 408,602 engage with thewr
respective mating tine rods 604, 302 1 a sequence in conjunction with the bladder 411
engagement and movement of the bladder 711 to create a seal between the sealed plug 128a and
the sealed receptacle 130a. The push rods 408, 602 push the respective mating tine assemblies
706, 406, which are shifted to a collapsed position in conjunction with the sealed bladder 411

moved by sealed bladder 711 fo create a passageway 1702 therebetween {Figure 3C). Once the
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tine assemblies 400, 706 are collapsed, the contact 404 is brought, via the passageway 1702, io
mating engagement with contact 704. Now mated, communication passes through the mated

sealed connector 132a and between the optical fibers 222a b (Figure 3D).
1. PLUG

[0083] Figures 4A-4D show detalled views of the sealed plug 128 (which may be the sealed
plug 1283 and/or 128b). As shown in these views, the sealed plug 128 inchudes the housmg 416
and the infernal assembly 417. The internal assembly 417 includes the plag support 402, the plug
bladder assembly 410, the plug push rod 408, the plug contacts 404, and the plag tine assembly
406. An internal chaniber 420a is defined within the honsing 416. The mternal assembly 417 15
disposed in the internal chamber 4203 of the plug housing 416, and is supported by the plug
support 402.

[0084] The housing 416 1s a tubular member with an internal chamber 4203 defined therein.
The housing 416 has a conneciion end 4172 {o sealingly receive the support 402, and a keyed
end 4164 to recetve the sealed receptacle 130. The keved end 4164 has a bevel 4173 that tapers
away from the connection end 4172 and has a keyway 4176 therein fo recetvingly engage the
sealed receptacle 130. O-rings may be provided about the housing 416 fo seal the support 402
with the housing 416. Locks 415 may be mserted through the housing 416 and nto the support
402 to secure the support 462 to the housing 416.

(00851 As shown in Fipure 2B and 4A-4D), the housing 416 and the support 402 are shaped to
recervingly connect to the ternunation 102. The housing 416 may sealingly engage the housing
328 of the ternunation 102 (Figure 2B). The housing 416 15 a tubular member having a flange
4170 extending from an outer surface thereof. The flange 4170 is positioned adjacent o
connection end 4172 to receivingly engage the bousing 328 of the ternunation 102, A portion of
the housing 416, such as the connection end 4172, may extend mfo the housing 328 of the
termination 102,

[0086] The housing 416 has a stepped wmer surface with steps 4166, 4168, and 4178 defined
therem. The steps 4168 and 4178 are shaped to receive the support 402. A bore 4162 15 defined
between the steps 4168, 4178 to engage the support 402. The step 4166 1s shaped to act as a
hard-stop to prevent over-travel of the sealed receptacie 130 as it enters the housing 416. The

housing 416 also has longitudinal slots 4174 extending therethrough.
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[0087] The plug housing 416, support 402, and/or other portions of the sealed plug 128 mav be
a unifary or modular components made from materials capable of, for example, withstanding
rarious operations, such as assembly, handling, mstallation andior in-service loadmg (e.g2.,
toading from the barsh epvironmment, connector mating}, corrosion resistance {2.g., 1o sea water),
andfor compatibility with the operating environment and/or other components i physical and/or
electrochenncal contact with the sealed plug 128. The plug housing 416, support 402 may be
made of a vantety of materials, such as metallic {e.g., stainless steel, nickel, chromium, titaninm,
atloy {e.g., corrosion resistant metal allovs, super duplex stamless steel alloys, titapgum allovs,
nickel and chiromiwm based allovs and/or austenitic stainless steel alloys, cathodic protected
metals, efc.}, etc.), nop-metallic {e.g., polymer, plastic, nylon, ABS — Acrylontirile Butadiene
Styrene (ABS), PE — Poly Ethvelene (PE}, PET — Poly Ethylene Terepthalate (PET), PBT —
Poly Butylene Terepthalate (PBT), PTFE — Poly Tefra Fluoro Etyvhvlene {(PTFE}, PEI — Poly
Ether Imide (PEI), PEEK — Poly Ether Ketone {PEEK), efc.) and/or other materials and/or
combinations thereof of various grades {e.g., rigid composites of metallic and/or nonmetallic
materials). Coatiigs, cotrosion protection, and/or other materials may be applied or infegrated
nto the sealed plug 128,
[O088] Figure 5 shows a perspective view of the support 402, As shown i Figure 5, the
support 402 mclndes a eyhindrical portion 4021 having ends with smaller outer diameters
extending from each end thereof. The outer diameters of the support 402 define a stepped outer
surface shaped to extend mto the housing 328 of the ternunation 102 at one end and into the
housing 416 at the other end. As shown in Figure 4D, the support 402 has an inner surface
defining an mner chamber 419 and an internal shoulder 4036 (Figure 4C)} therein.
[0089] Referning back to Figure 3, the cvlmdrical portion 4021 has shoulder 4027 shaped to
seat along the step 4178 of the housing 416. The cylindrical portion 4021 also has holes 4023
extending therethrough to recetve the locks 415 {Figure 4C). Grooves 4022 are posifioned along
an outer periphery of the evhindrical poriion 4021 to receive the bladder 411 (Figure 4C) thereon.
The support 402 has a bore 4030 theremn, and bores 4026 positioned radially about the cylindrical
portion 4021, A tapered inlet {or bevel} 4632 is positioned at an end of the bore 4034
(0090} Refermning to Figure 4C, the support 402 supports various compenents, such as the
contacts 404, the bladder assembly 410, the push rod 408, and the tine assembly 406 An

example contact 404 is shown in greater detail m Figure 6. The coutacts 404 include a ferrule
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192, a front portion 194, a rear portion 196, and a middle poriion 198, The fermile 192 may have
a tip matingly recervable by the contact 704 of the sealed receptacle 130 for communication
therebetween as 1s described further herein. The fermale 192 may be commercially avaiiable from
THORLABS™ at www thorlabs.comn. Example contacts and/or ferrules ave disclosed in
US2017022887, previously incorporated by reference heremn. The ferrules nsed herein may be,
for example, mechantcal transfer (MT) ferrules nsable with plural fibers and/or a cylindrical
ferrule for hosting a single fiber. The MT Ferrule may replace a single fiber ferrule to provide
multiple {e.g., 12} cucuits. The geometry of the bladder assembly 410, the tine assembly 406,
and the contacts 404 may be sized for use with the MT ferrule.

[0091] The muiddle portion 198 has sealing grooves and a seating shoulder recetvable in the
support 402. The rear portion 196 may be sealingly connecied to a conunumication hink, such as
optical fiber 222, for communication therewith. The rear portion 196 may also be coupled to a
fernuination tube 324 disposed about the optical fiber 222 (Fig. 2B).

[0392] Referring back to Figures 4C-4D), the contacts 404 are lincar members seated m the
support 402 at the miternal shoulder 4024, The bores 4026 are shaped and postiioned to recetve
the contacts 404 therethrough. While the eight bores 4026 are depicted to correspond to eight
contacts 404, various numbers of bores and contacts may be used.

[0(93] The contacts heremn may be, for example, angle polish ferrule contacts and/or polish/
ultra polish fermle contacts for use with a single fiber. The contacts may be used with a sealed
plug 128 and/or sealed receptacle 130 with a corresponding angled onientation with matching
angled fermle face for mating. Examples of contacts that may be used are disclosed in
US2017022807, previously incorporated by reference herem.

[0094] The contacts used herein may be made of a variety of materials, such as metallic,
plastic, alloy, andfor other materials. For metal material contacts, the contact may be machined
as single piece or jomed from multiple pieces. Joming methods include bonding, laser beam
welding, welding, ultrasonic welding, electron beam welding, brazing, soldering, casting by post
processig machining, and/or other connection method and/or means. Coatings, corrosion
protection, arxd/or other materials may be apphied or integrated.

(00951 As shown in Figure 4D, the contacts 404 may be fixed to the support 402 by one or
more retaimners, stch as discrete collars 1202 Each collar 1202 may be made out of a material,

such as metal or plastic, capable of securing the contacts 404 n the support 402. The collar 1202
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may be positioned {o retamn the contact 404 in place i the axial direction inside the bore 4026,
As shown m greater detail in Figure 7, the collar 1202 1s a “C” shaped component having tapered
ends. An inner surface of the collar 1202 is shaped to engage and retain the middle portion 198
of the contact 404. An outer surface of the collar 1202 1s shaped {o seat within {he bore 4026,
The collar 1202 mav also be an mternal retaining ring (not shown), such as a nng commercially
avatlable from SMALLEY STEEL RING O™ at www.smalley.com,

(0096} Referring to Figures 4A-4D and 8, the bladder assembly 410 includes a bladder 411, a
disc 4112, and a seal plate 412. The bladder 411 has a tubular body with a chamber 420b
defined therein. The twbular body has a support end 4102 with a bladder lip 4104 and a seal end
4106, with a ribbed nuddle portron 4108 therebetween. The bladder 411 may be made of a
flexible matenial {e.g., elastomer) that may be stretched as needed, and/or metallic to endure
exiremne temperature applications. The nuddle portion 4108 may be i the form of bellows that
compress and de-compress nnder axial movement or force with marginal change in outer and
inner diamneter.

[0097]1 The seal end 4106 of the bladder 411 extends mto the housing 416 towards the keyed
end 4164 of the housing 416. The seal end 4106 (with or without the disc 4112} mav be secured
to the seal plate 412. The disc 4112 and the seal plate 412 may be circular members that are
integrally formed with bladder 411, or secured together by bonding material {e.g . epoxy}, or
other means.

(00081 The disc 4112 may be secured fo the seal end 4106 of the bladder 411 or mntegrally
formed therewith. The disc 4112 has sealing surfaces {or cvlindrically shaped holes) 4116, 4118
therethrough and nipples 4120 positioned radially abouf a face of the disc 4112, The sealing
surfaces 4116, 4118 extend through the disc 4112 and the sealing end of the bladder 411. The
nipples 4120 are circular members extending through the disc 4112, A shaft sealimg surface 4122
swrrounded by a convex face seal 4114 is positioned about each of the nipples 4120. Face seal
4114 melude an muer ring formed on the nipple and ouler ring formed on the disc 4112, The face
seals 4114 are shown as mtegrally molded in the plag bladder 411, In some cases, the face seal
4114 may be a separate seal that is bonded to the sealing face on the disc 4112 and the nipple
4120 of the plug bladder 411,

[0009] TFigures 9A-9C show various configurations of the face seals 41i4a-c. As shown m

these figures, the face seal 41 14a-c may have various cross-sectional shapes, such as symimetric
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convex, oufwardly shaped parabola and simple taper, respeciively. Other shapes and
configurations of seals may be used about the disc 4112 and/or seal plate 412,

[00100] Referring back to Figures 4C and 8, the seal plate 412 is positionable adjacent the disc
4112, The seal plate 412 has corvesponding holes radially positioned for alignment with the
nipples 4120 and face seals 4114, A central bore 4125 extends through the seal plate 412, Gude
pins 422 extend radially from the seal plate 412 for engagement with the plug bousing 416. The
seal plate 412 seals with the seal end 4106 of the Madder and to disc 4112 to form a seal
thereabout.

[0G101] The support end 4102 of the bladder 411 is supported between the housing 416 and the
support 402, The support end 4102 of the bladder 411 strefches over a sealing shafi groove 4022
1 the support 402, A retamer ring 414 1< positioned m the support 402 about the support end
4102 to secure the bladder 411 about the support 402. As shown 1 greater detai in Figure 10,
the retainer ring 414 may be a tubular structure with collets 2102 extending from one end. The
collets 2102 may spreads outwards when shid into position about the support 402 and bladder
411. The retainer ring 414 has an inner taper 2104 to receive the bladder 411, The retainer ring
414 may be made from material with memory (1.e., ductile materials) providing compliant action
of the collets 2102

(001021 Refernng back to Figures 4B-4D, a spring 424 is disposed between the seal plate 412
and the step 4168 of the housing 416, The spring 424 may be used to bias the bladder 411
towards its base position near the connection end 4172 of the housimg 416. The guude pims 422
are shdingly received within the longitudmal slot 4174 of the housing 416 as the bladder 411 and
seal plate 412 move during operation. The longitudinal slot 4174 may act as a stop o define a
travel distance of the bladder 411 and seal plate 412. The slot 4174 may be shapedto actas a
hard-stop to prevent over-travel of the bladder 411 and seal plate 412.

[00103] The support 402 has ports 4034 extending through an end thereof. The ports 4034
have access plugs 418 with an o-uing seal that may be removable for filling a chamber 419
defined m bore 4030 1 support 402 and the chamber 420b i bladder 411 with a compressible
fhud {e.g., oil, prease, gel, andfor other compatible fhud). The plug 418 may seal port 4034 and
chambers 419 and 420b from ambient pressure. When the ambient pressure of the environment is
experienced by the bladder 411, the bladder 411 may flex under the ambient pressure. The fhud

i the chambers 419, 420b may compress until pressure in the chambers 419, 420b equalizes to
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the arnbient pressure. The bladder 411 may be used to pressure balance the sealed plug 128 to the
ambuent enviromment. This pressure balancing may be performed without the sealed plug 128
being subject to differential pressure load.

[00104] Referning to Figares 4B-4D and 11 A-118, the tine assembly 406 1s suppotrted m the
support 402 and extends into the bladder 411. The tine assembly 406 includes a tine base 802,
tines 804, and tine rods 302, The tine base 802 1s a perforated. cylindrical member slidingly
supported in the bore 4030 of the support 402, The perforations in the tine base 802 provide a
path for the fhuid to pass between the bore 4030 and the chamber 420b. A spring 426 1s
posttioned i chamber 419 of the support 402 and extends into the tine base R02. The spring 426
seats against an end face 4036 of the support 402, The tine base 802 s slidably movable about
the support 402 upon external force on the spring 426,

[00105] The tines 804 and the tine rods 302 are connected at one end to the tine base 802. The
tines 804 include linear arms 8046 extending from the fine base 802 and curved fingers 8044
posttioned adjacent the seal plate 412, Tabs 8042 are positioned near the tine base 802, The tines
804 and the tine rods 302 may be movable with the base 802 in response to force on the spring
426. The tines 8304 may be movable between an expanded position with the fingers 8044 spread
apart {Figure 11A), and a collapsed position with the fingers 8044 closed together (Figure 11B).
[03106] In the expanded position, the fingers 8044 arve positioned with the fingers 8044
sealing contact with or adjacent the sealing surface 4122 and seal plate 412, I the expanded
postiion, the fingers 8044 are positioned between the contacts 404 and the seal plate 412. In the
expanded position, the tines 804 block the contacts 404 from passing through the seal plate 412.
[00107] In the collapsed position, the fingers 8044 move together foward the push rod 408
located centrally therebetween. In the collapsed position, contacts 404 have clear passage
through the seal plate 412 for connection with the sealed receptacle 130. In the collapsed
posiiton, the fingers 8044 move away from sealing surface 4122 and the bore 4125 in the seal
plate 412 {o allow the contacts 404 {o pass through the seal plate 412 as the seal plate 412 15
pushed toward the contacts 404 by the mating sealed receptacle 130 (see, e g, Figure 3B). The
tines 804 collapse due 1o the tab R042 engagement with the tapered udet 4032 of the support 462,
The tmes 804 collapse and translate toward the end face 40306 of the support 402, Once force on
the spring 426 1s removed, the tines 804 refumn to the expanded position when the tab 8042 exuts

the bore 4030,
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[00108] The tie rods 302 are secured fo the tine base 802 adjacent the tines 804, The tine rods
302 are hinear members with ends positionable in sealing contact with or adjacent the sealing
surface 4118 and seal plate 412. During operation, the tine rods 302 extend through sealing
surface 4118, During expansion and collapse of the tines 804, the tine rods 302 translate lmearly
with movement of the tine base 802,

(001091 Portions of the fine assembly 406, such as fines §04, may be unitary members ot
segmented as shown. While the arms 8046 are shown being linear and the fingers 8044 curved,
part or all of the tines 804 may have a vartety of shapes, such as linear, curved, cylindrical,
rectangular cross-section, flat, and/or other shapes profiled for effective sealing. For example, the
tines mayv have a flat rectangular cross-section with linear arms 8046 and outward bent fingers
8044 with or without curvatuze,

[00110] The tine assembly 406 may be made of one or more matertals to provide the desired
movement during operation. The tine assembly 406 may be made of a variety of materials, such
as metallic, plastic, and alloy materials. For metal or noninetal tine assembly, the material may
be selected from material groups that exhibit memory resilience. Example material include
spring steel, hastelloy, titanimn-molybdennm alloy, live hinge plastic such as polvpropylene.
Restliency may also be achieved by forming at least a portion of the tine assembly 404, such as
portions of the arms 8046 near the tine base 802, as a helical spring or other comphamnt formed
shape. Part or all of the tine assembly 406 may also have a coating.

[00111] The time assembly 406 may be mtegrally formed or modularty connected. Portions of
the tine assembly 400 may be joined by bonding, laser beam welding, welding, nltrasonic
welding, electron beam welding, brazing, seldering, and/or other connection mwethod andfor
means. The tine assembly 406 may be manufactured from casting, iyection molding, fabrication
process, andfor other means. For fabricated tine assernbly 406, the tine base 802 may be
machined, and the tines 804 may be bent to shape from machined rod.

0061121 While the tine assembly 406 15 depicted with a specific arrangement of a given number
of tine rods 302 and tines 804, the arrangement and number may vary. Other actuators may be
used to trigger the tine assembly 406, such as the push rod 408, The tine assembly 406 may
employ flexmg structures, andior link mechanism with mulii-segmented tines that collapse and
retract with external actation. A front face of the tine fingers 8044, push rods 498, and/or tine

rods 302 may be used to affect precise timing of movement of relative mechamisms. This may be
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used to account for any spring lag.

[00113] The push rod {frigger) 408 has an end supported m the support 402, and another end
extending through the bladder assembly 410, The push rod 408 is positioned {e.g., centrally)
between the tines 804, The push rod 408 may remam fixed as the seal plate 412 and the seal end
4106 of the bladder assembly 410 travels back and forth about the push rod 408. The push rod
408 has tabs 4082 exiending radially therefrom for engagement with the tine base 802, The fabs
4082 himif travel of the tine base 802 towards the end 4164, and retains the tine base 302 about
the bore 4030 of the support 402.

[0G114] The springs 424, 426 used i1 the sealed plug 128 may be compression springs to bias
the bladder assembly 410 and tine assembly 406 between an nnmated fully sealed postiion and a
mated sealed position. A spring rate for springs 424 and 426 may be chosen to suit the connector
mating mechanisin, Kinetics, sequence, ete. Additionally, the spring lengths may be defined to
provide a free lengih of the uncompressed spring with pre-load forces as needed fo mamtain the
bladder assembly 410, seal plate 412, tines 804, and tine rods 302 in sealing engagement when
the sealed plug 128 is in its unimated state.

[00115] While the springs 424, 426 are shown as compression springs for providing the bias
needed, one or more other types of springs, such as a disc spring, may be nsed. For example,
spring 426 may be replaced with a disc spring while spring 424 may be a compression spring.
{ne or more springs may be used to achieve desired bias for a specific component. The springs
424, 426 mayv be made from variety of matenials, such as metallic, plastic, and allov. Coatings,
corrosion/anti-fouling protection, and/or other materials may be applied to the spring.

[00116] The sealed plug 128 may be assembled in various ways. For example, assembly may
begin by pre-assembling the internal assembly 417. This pre-assembly may begin by coupling
one or more contacts 404 to a fiber optic pig tail 222 of determined length. Fach of the contacts
404 {with pig tail 222} may be passed through respective bores 4026 of the support 402 and
seated therem by the collar 1202, Scals, such as o-ring tvpe gland seals, may be used to seat the
contacts 404 within the bores 4026,

[00117] The tine assembly 406 may be pre-assenibied with the tines 804, tine rods 302, and
tabs 8042 connected fo tine base 802. An end of the tine spring 426 may be mserted mito the tine
base 8(32. Initially, the spring 426 may be 1 an uncompressed state with the inserted tine

assembly floating over it. The spring 426 and tine assembly 406 may then be positioned 1uto the
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bore 4030 of the support 402, The tine assembly 406 mav be adjusted to suif a desired orienfation
about the seal plate 412 and the bladder 411, Aligniment and orientation features may optionally
be added to the tines 804 and tine rods 302 to mamntain the tine assembly 406 i a predefined
orientation needed for assembly and connecior operation.

(001181 The push rod 408 1s mserted through the tine base 802 and the array of tines 804. The
tabs 4082 on the push rod 408 are pressed agamst the tine base 802 thereby compressing the tine
spring 426. The push rod 408 may be pressed info position while aligning the tine base 802
within the bore 4030 of the support 402. Afier some movement and compresston, an end of the
push rod 408 may be fixedly threaded into the end face 4036 of the termination portion.

[00119] Before mnserting the bladder assembly 410, the bladder 411 may be positioned nside
out or streiched for mstallation. The end 4106 of the bladder 411 may be positioned adjacent
ends of the tines 804, tine rods 302, and the push rod 408. The bladder 411 may shde over the
tines, tine rods 302, and the push rod 408 as they are mserted into the bladder 411 untl fully
seated with disc 4112. Sealing mav be established between fine fingers 8044 and the sealing
surfaces 4122. Sunilarly sealing may also be established between the tine rods 302 and the push
rod 408 with the sealing surfaces 411§, 4116, respectively.

[00120] Pressure tight sealing may be affected by selecting diameters of the sealing surfaces
4122, 4118, 4116 that are smaller than a diameter of tine finger 3044, tine rod 302, and the push
rod 408, respectively, thereby stretching the respective sealing surfaces over respective rods
during seating. A seal/ bladder and the rod mterface {or sealing interface} may be provided with
a constant compressive load as a result of the stretch and constriction of the bladder 411 within
the sealed plug 128. A magmitude of streteh that may be used may be based on a nef differential
pressure across the sealing mferface, as well as other amnbient conditions. The chambers witlun
the sealed plug 128 may be in pressure equilibriium or pressure balanced with the ambient
environment such that a net differential pressure across the sealing mterface may be marginal.
The drameters of the rods and sealing swrfaces may be suitably chosen to achieve the required
strefch and effective pressure seal for the specific ambient conditions.

[00121] With the bladder 411 positioned over the tine assembly 406, the bladder 411 may be
seated on the sealing shaft groove 4022 of the support 402, The bladder 411 may be temporanly
locked 1n place from the stretched seating over groove 4022 and by seating the bladder lip 4194

about the support 402. The retamner ring 414 15 slid over the bladder 411 and secured to the
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support 402 about the bladder 411, During the shiding, the collets 2102 may spreads and ride
over the outer diameter of the support 402, and the inner taper 2194 may compress the bladder
411 withont unseating it. Further axial movement of the retainer ring 414 may continue fo
compressively engage the tnner surface over the bladder 411 until the collets 2102 spring back
mto the grooves 4022 on the support 402,

(00122}  With the mternal components of the sealed plug 128 formed ito the pre-assembly, the
housing 416 may be positioned about the internal assembly 417. For example, the housing 416
may be premstalled with the spring 424 compressed to ifs predeternuned preload length and held
in place by a removable temporary mounting fixture or other assembiy aid. The pre-assembly
may be aligned and oriented for insertion nio the housing 416. The pre-assembly may be
mserted mto the housing 416 through end 4164,

[00123] In another example, the pre-assembly may be held stationary while the housing 416
may be shid over the internal assembly 417, As the pre-assembly is inserted further, the support
402 of the mternal assembly 417 begins to engage with the bore 4162 of the housing 416. The
support 402 advances and seats at the step 4178 and seals with the seals along the bore 4162 fo
establish sealing engagement between the hounsing 416 and the sapport 402. Fasteners, such as
the locks 415 and the guide pins 422, may be used to secure the assembled sealed plug 128, The
locks 415 may be mserted through the housing 416 and the support 402, The guide pins 422 may
pe attached o the seal plate 412 through the longtudinal slots 4174 of the plug housing,

[00124] While example techmiques for assembly are descnibed, vanous assembly procedures
mayv be used. For example, one or more portions of the assembly and/or pre-assenibly may be
performed 1n various orders.

RECEPTACLE

[00125] The sealed receptacle 130 {which may be the samie as sealed receptacle 130a.b) is
shown i greater detatl in Figures 12A-12D. The sealed receptacle 130 15 similar {0 the sealed
plug 128 with some variations to allow for mating and operation with the sealed plug 128 As
shown m these views, the sealed receptacle 130 includes the housing 716 and the internal
assemibly 717, The internal assembly 717 includes the receptacle support 702, the confacts 704,
the bladder assembly 710, a push rod {nigger) 602, and the tine assembly 706. The components
of the sealed receptacle 130 correspond to the components of the sealed plug 128 for sealed

connection and operation therewith. The components of the sealed receptacie 130 may be made
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from the same materials as the corresponding compeonents of the sealed plug 128,

[00126] Asshown m Figure 2B and 12A-12D, the housing 716 and the mternal assembly 717
are similar to the housing 416 and internal assembly 417 of the sealed plug 128. In this case, the
sealed receptacle 130 15 shaped for connection to the barpess 134 at one end and the sealed plug
128 at another end.

[00127] The housing 716 15 sinular {o the housing 416, except that the housing 716 has a seal
end 7164 receivabile by the sealed plug 128, and a connection end 7172 connectable to
equipment {e.g., harness 134}, Also, the housing 716 has a short slot 7175 and holes 7176
therethrough. The holes 7176 mavy be provided for supporting a connector retention mechanism
as 1s described further herein.

[00128] Like the plug 128, the bousing 716 1s a tubular member with a flange 7170 extending
from an outer surface of the housing 716. The flange 7170 13 positioned adjacent connection end
7172, and has boles 7174 to receivingly engage the hamess 134, The flange 7170 and a
connection end (rear shaft) 7172 may be shaped for interface fit with the barness 134 onto which
the sealed receptacle 130 is to be mounted. A chamber 720a is defined within the housing 716.
Like the plug housing 416, the receptacle housing 716 and/or its portions may be a nnifary or
modular component made from smular materials with or without coatings.

[0(129] The connection end 7172 sealingly recerves the support 702 mto the chamber 720a.
The housing 716 has a stepped inner suwrface with steps 7168, and 717& defined therein. The step
7178 1s shaped to receive the support 702. As with the plug 128, the receptacle 130 mav be
provided with o-rings about the housing 716 to seal the support 702 with the housing 716, Locks
715 mayv be mserted through the bousing 716 and into the suppert 702 fo secure the support 702
to the bousing 716.

[00130] The sealed receptacle 130 1s alse provided with a key 7166 matingly receivable m the
kevway 4176 of the sealed plug 128. The orientation key 7166 1s comnected to .z, by
miterference fit, threads, efc.) or mtegral with the housing 716, The orienfation key 7166 may be
positioned about the seal end 7164 for receipt 1n keyway 4176 of the sealed plug 128. The
orientation key 7166 miay be used to define an aligned position for connection of the sealed plug
128 and the sealed receptacle 130 during mating.

[00131] Figure 13 shows a perspective view of the support 702, Like the support 402 of Figure

5, the support 702 mcludes a cvlindrical member 7021 having smaller dianieter ends extending
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from each end thereof, a bore 7030 therein, a taper {chamfer) 7032 at an entiy end, a stepped
outer surface defiming a shoulder 7027 shaped to engage the step 7178, holes 7023 to receive the
locks 715, grooves 7022 to recetve the bladder 711 thereon, and bores 7026 1o receive the
contacts 704,

(031321 The support 702 supports various components in the housing 716, such as the contacts
704, the bladder 720, the push rods 602, and the tine assembly 706. An example contact 704 15
shown in greater detail in Figure 14. The contacts 704 include p fermule 202, a ferrule sleeve 210,
a front portion 204, a rear portion 206, and a nuddle portion 208, The fermule sleeve 210 may
have a slot to matingly recetve the ferrule 192 of the contact 404 in the sealed plug 128 for
communication therebetween. The muddle portion 208 has sealing grooves and a seating
shoulder recetvable in the support 702. The rear portion 206 may be sealingly comnected to a
conmuunication hink, such as optical fiber 222, for communication therewith.

[00133]1  As with the contacts 404, the contacts 704 may be linear members made of similar
materials using similar techniques. The bores 7026 1 the support 702 are shaped and positioned
to recetve the contacts 704 therethrough. The contacts 704 are seated in the receptacle support
702 at shoulder 7024, The contacts 704 may be fixed fo the sealed receptacle 130 by one or more
retainers, such as the collar 1202 (Fignre 7). A contact spring 1404 may be provided about the
collars 1282 to allow biasig of contacts 704 when in mating engagement with contact 404. The
contact spring 1464 allowing the contact 404 to move, thereby makng the contact spring 1484
compliant.

[00134] Referring to Figures 12A-12D and 15, the bladder assembly 710 includes a bladder
711, the disc 7112, and the seal plate 712 simular to the correspending ttems 1 the sealed plug
128. The bladder 711 bas a support end 7102 with a bladder lip 7104 and a seal end 7106, with a
ribbed nuddle portion 7108 therebetween. A central bore 7125 extends through the seal plate
712.

[00135] The disc 7112 bas sealing surfaces {or cylmdrically shaped boles) 7116, 7118, mipples
7120, and face seals 7114 and sealing surfaces 7122, The sealing surfaces 7116, 7118 extend
through the disc 7112 and the sealing end of the bladder 711. The bladder 711 has a chamber
720b defined therein. Like chamber 420b, the chamber 720b may be filled with flwsd through
port 7034 with plugs 718 and pressure balanced.

[00136] In thus version, the middle portion 7108 of the bladder 711 has 1ib sections 7109, 7110,
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The rib section 7109 may be in the form of bellows that compress and de-compress under axial
movement or force with marginal change in outer and inner diameter. The rib section 711015 a
straight tubular section with longimdinally spaced circular beads 7111 for structural support.
[00137] Like the bladder 411, the bladder 711 1s secured at one end m between the houstng
716 and the support 702 by the retainer nng 414 (Figure 8) and at the other end by seal plate 712.
In this version, the bladder lip 7104 15 seated over groove 7022 and secured by the refainer ring
414, The seal plate 712 may have guide pins 722 that are shidingly received within the short slot
7175 of the housing 716 as the bladder 711 and a seal plate 712 move during operation.

[00138] Like spring 424, a spring 724 is posifioned around bladder 711 between the seal plate
712 and the step 7168. The step 7168 1s shaped to act as a hard-stop in conjunction with
compressed spring 724 to prevent over-travel of bladder assembly 710 duning tnggenng of tine
assemnbly 706 by the plug push rod 408. In this version, the spring 724 is positioned between the
seal end 7164 and the contacts 704. The spring 724 15 also positioped about the nib section 71069
of the bladder 711, thereby providing linuted travel for the rib section 7109 and seal plate 712
therebetween. The spring 724 may extend partially around the r1b section 7110 of the bladder
711., thereby allowing the nib section 7110 to remain stationary.

[00139] Referng to Figares 12C-12D and 16A-16B, the tine assembly 706 1s sumular to the
tine assembly 406. In this version, the tine assembly includes a tine base 902, tines 904, and tine
rod 604, As with the tines 804, the fines 904 have arms 9046 with fingers 9044 that move
between the expanded position to block the countacts 704 and the collapsed position unblocking
the contacts 704 from coupling with the mated plug contacts 404. In the expanded position, the
tine fingers 9044 are in sealing contact with or adjacent the sealing surface 7122 and the seal
plate 712.

[00140] The times 904 are sunilar to the tines 804, except that the fine fingers 9044 may be
longer than the tine fingers 8044 to provide sequential triggering of the tines 804 and the tines
804. The tines 904 move between the expanded posifion {16A) and collapsed position (168} by
deflection about {abs 9042 In this version, the fingers 9044 are posiiioned radially about a
single, linear central tine rod 604 and extend a distance bevond the tine rod 604 for engagement
with the sealing surface 7122 and seal plate 712. The tine rod 604 1s a distance behind the
fingers 9044 and sealingly passes through sealing surface 7116 as 1t passes thereby.

[00141] Tine spring 726 15 positioned 1 a chamber 719 in the support 702 about the push rods
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602, Tine spring 726 extends between the tme base 902 and end face 7036 of the support 702.
The spring 726 1s seated at the end face 7036 and compresses as the fine assembly 706 moves
with the plug push rod 408. The springs 724, 726 may be made of similar materials and be of a
suntlar fype as the springs 424, 426,

[001421 The push rods 602 are supported at one end by the support 702 and are positioned
about the tme spring 720, The push rods 602 pass through holes 906 on the tine base 902 to
support the tine assembly 706 about the support 702, In this version, an opposite end of the push
rods 602 are postiioned adjacent the fingers 9044 and extend a distance bevond the tme rods 604
for engagement with sealing surfaces 7118 and seal plate 712. The push rods 602 remain fixed as
the seal plate 712 and the seal end 7106 of the bladder 711 travel back and forth about the push
rods 602. The push rod 602 has tabs 6022 extending radially therefrom for engagement with the
tine base 902 {see Figure 18A}). The tabs 6022 hnit travel of the tine base 902 towards the end
7164, and retain the tine base 902 about the bore 7030 of the receptacle support 702.

[0(143] The sealed receptacie 130 may be assembled in a similar manner as the sealed plug.
For example, the internal assembly 717 of the sealed receptacle 130 may be pre-assembled by
connecting the contacts 704, fiber optic pig tail 222, collar 1202, retaining ring 414, tine
assembly {and/or pre-assembly) 706, tine spring 726, receptacle support 702, and bladder 711
that 1s already m sealing engagement with seal plate 712. The biadder 711 1s disposed over the
tines 304 and rods 602, 604, and sealing is extablished between the tine fingers %044 and rods
602, 604 with their respective sealing surfaces 7122, 7118, and 7116. The bladder 711 15
unrolled and seated on the groove 7022 of the receptacle support 702, and locked m place while
retainer rmg 414 installed over bladder 711 and the termination portion to complete the pre-
assembly. The spring 724, honsing 716 may then be secnred about the internal assembly 717,
and sealed with the support 702. The locks 715 and guide pin 722 secuwe the comiponents i

place.
SEALED MATING

[00144] Figures 17A-19C shows varions views of the sealed conmector 132, the sealed plug
128, and the sealed receptacle 130 i various stages of connection. As shown m these views, the
receptacle 130 is seatable in the sealed phig 128. Various equipinent, such as the ternination

102, the harness 134, the sea floor equipment, or other equpment may be connected to the sealed
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plug 128 andfor the sealed receptacle 130 before or afier mating.

[00145] Asshown i Figure 17A, the sealed plug 128 and the sealed receptacle 130 may be
positioned i gross alignment for mating. The keyway 4176 of the sealed plug 128 mav be
aligned with kev 7106 of the sealed recepiacle 130 for shiding engagement therebetween. As the
receptacie 130 1s moved forward, the receptacle 130 15 guided by the kevway 4176 to begin
matmg with the plug 128,

[00146] The mating may be performed according 1o the sequence demonstrated by Fignres
18A-181. During matig, the sealed plug 128 or the sealed receptacle 130 may be stationary as
they are drawn together for mating. Due to the pressure balancing and spring forces of the
components of the sealed counector 132, the sealed connector 132 may be triggered to create a
seal between the sealed plug 128 and the sealed receptacle 130.

[00147] Asshown in Figure 18A, the sealed plug 128 is positioned to receive the sealed
receptacle 130 throngh end 4164 and mte chamber 420a of the bousing 416. The housings 416,
716 may engage as shown m Figure I18A fo prepare the internal assembhies 417,717 fo engage.
The internal assemblies 417,717 are at a distance from each other during the disconnected stage.
As the sealed receptacle 130 enters mto the housing 416 of the sealed plug 128, a substantial
amount of the seawater from chamber 420a i< pushed out of the way between mating ends of the
sealed plug 128 and the sealed receptacle 130 as indicated by the curved arrows.

(001481 Asshown m Figiwe 188, the sealed receptacle 130 has entered the gealed pluog 128 and
advanced such that its disc 7112 1s about to make contact with the disc 4112 of the sealed plug
12R. The push rods 602 of the sealed receptacle 130 makes posiitve contact with the tine rods
302 of the sealed phug 128, and the tine fingers 9044 are in latent confact with tine fingers 8044,
[03149] Pressure along contact surfaces between push rod 502 and tine rod 302 15 higher than
contact pressure along contact surfaces between the tine fingers 9044 and 8044 . The contact
pressure between the tine fingers 8044 and 9044 may at or near zero. As a result of tus relative
dispostiion, forward movement of the sealed receptacle 130 against the sealed plug 128 results m
the fixed push rod 602 depressing the tine assemnbly 406 vwithin the sealed plug 128 and
overcoining a preload spring force of the tine spring 426.

[00150] The receptacle tine fingers 9044 continue to be m non-pressure contact with plug tine
fingers 8044 and sumply follow the plug tine fingers 8044 in translation due to the forward

mating movement of the sealed receptacle 130, In other words, the relative position of the
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receptacle tine 904 to the push rods 602 within the sealed receptacle 130 remaimns the same. The
receptacle tine 904 may not depress within the sealed receptacle 130 as positive contact s not yet
established between the receptacie tine rod 604 and the plug push rod 408, The receptacle seal
plate 712 15 also not depressed as posiiive contact 1s not established with the plug seal plate 412
through the disc 7112, 4112 respectively.

[00151] Frgure 20 1s a graph depicting relative spring force (F) (y-axis) versus relative distance
traveled (D) {x-axis). The lines 2424, 2426, 2724, 2726 correspond {o the springs 424, 426 and
724, 726 of the sealed plug 128 and the sealed receptacle 130, respectively, {the “connector
springs”}). Line 2424 refers to the phig spring 424 spring constant profile. Line 2426 refers to the
plug tine spring 426 spring constant profile. Line 2724 refers to the receptacle spring 724 spring
constant profile. Line 2726 refers to the receptacle tine spring constant profile.

[00152] The spring forces may be manipulated as set forth in Figure 29 as i3 described with the
mating sequence 18A-18] As demounstrated by graph 20040, the components under spring bias in
the sealed plug 128 and the sealed receptacle 130 are under different preload forces with a
relative magnitude as demonstrated by Fignre 20. Thus, advancenient of the sealed receptacle
130 towards the sealed plug 128 {(mating stroke) of Figure 18B depresses the plug tine assembly
406 without depressing the other components under spring bias.

[0(153] Asthe mating confimes as shown in Figures 18C and 194, forward movement of
sealed receptacle 130 continues until the receptacie seal plate 712 and plug seal plate 412
converge through the face seal 7114 and the face seal 4114, The tine rod 604 of the receptacle
ane 904 and the plug push rod 408 are still at a distance from each other. Further forward
movement of the sealed receptacle 130 may be achieved by overcoming the spring bias force of
the engaged components. At this stage, the spring bias force of the tine spring 426, and the
receptacle spring 724, and the plug spring 424 are m play.

[00154] Asshown in Figure 20, the magnitude of preload force of the plug spring 424 15
greater than the combined spring force of the plug fime spring 426 and the receptacle spring 724.
Further forward movement of the sealed receptacle 130 needs to overcome the receptacle spring
prefoad force 724 and the plug tine spring force 426. As the mating stroke contimies, the
receptacle seal plate 712 is depressed while the plug tine assembly 406 continues to depress
further under the overcoming of spring forces from the mating. The receptacle seal plate 712

moves within the sealed receptacle 130 guided by the guide pin 722 that travels along the short
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stot 7175 in the housing 716, With this guided movement, the rib section 7109 of the recepiacle
bladder 711 compresses evenly while maintaining its shape.

[00155] Inmiually, during the mating as shown m Figure 13C, the disc 7112 and disc 4112 are
brought closer fo each other with a marginal gap therebetween. Al this stage, physical confact is
established between the convex face seal 4114 on the plug nipples 4120 {Figure 8) and the
conicave face seal 7114 on the receptacle nipples 7120 {Figure 135). As this physical contact
establishes, seawater around the face seals 4114, 7114 between the disc 4112 and the dise 71312
is pushed outwardly away from the axis of the face seals 4114, 7114, The convex face seal 4114
on the disc 4112 and the concave face seal 7114 on the dise 7112 begin to engage and make
physical confact as the seawater pushes out until inferface therebetween is benign and the
seawater 18 expunged away.

[00156] As the mating progresses, the convex face seals 4114 and concave face seals 7114
conipress together to form a pressure tight sealing mterface. A magnitude of compression of this
interface is relational to the mating force generated from overcoming the spring forces of
respective sealed plug and receptacle 128, 1306, Initially, the face seal compression may result
from force of the receptacle spring 724. When the connector mating force reaches a threshold to
move plag seal plate 412, the face seal compression may continue and mclude force of the plug
spring 424. Pressure balance to the ambient environment within the sealed connector 132 resulfs
in a marginal net differential pressure across the face seals 4114, 7114 irrespective of a direction
1 which it presents. Accordingly, the compression required for the face seals 4114, 7ild to
affect a pressure tight seal may be mininal, and an amount of the compression needed from
connector mating may be assumed to be adequate for a pressure tight seal, even m a barsher
environinent.

[00157] At this stage of mating, the force generated has not reached the threshold to overcome
the plug spring 424 preload foree. The receptacle seal plate 712 and plug tine assembly 406
continue fo depress mn their respective portions of the connector 132, The receptacle tines 904
may continme to move forward m translation while being in latent contact with the plug fines
804,

[00158] Asshown m Figure 18D, the plug push rod 408 and the receptacle tine rod 604 are
brought to engagement to establish physical contact. The plug push rod 498 is fixed and

stationary within the sealed plug 128, while the engaging recepiacle tine rod 604 is nnder spiing
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bias from fine spring 726. When the receptacle time spring 726 preload force is overcome, the
receptacle tine assembly 706 depresses within the sealed receptacle 130. At this stage, the plug
tines &4 are disengaged from the plug seal plate 412, The plug tine tingers 3044 are no longer in
shait sealing engagement with the plug sealing surfaces 4122, The receptacle tine fingers 9044
are m sealing engagement with both the plug sealing surfaces 4122 and receptacle sealing
surfaces 7122. The receptacie seal plate 712 is fully depressed within the sealed receptacle 130,
(001597 At this point, any forward movement of the sealed receptacie 130 brings translation
movement of the receptacle seal plate 712 since the compressed spring 724 1s bottomed agatnst
the step 7168 in the receptacle housing 716. Further mating stroke movement builds up
resistance that overcomes the preload spring force of plug spring 424, the preload spring force of
the tine spring 726, the spring force of the fine spring 426, and fuchional resistance. Ax a result,
continted mating of the sealed plug and receptacie 128, 130, depresses both the phug tine
assembly 406 and the receptacle tine assembly 706. The plug seal plate 412 is depressed within
the sealed plug 128 while m sealing engagement with the stationary receptacie seal plate 712
through the disc 4112, the disc 7112, and the face seals 4114, 7114 (see, e.g., Figure 19A).
[00160] Asshown in Figure 18E, receptacle tine assembly 706 depresses within the sealed
receptacle 130 with the tine fingers 9044 separating away from the plug tine fingers 8044,
Concurrently, the plug tine assembly 406 contirmies o depress within the sealed plug 128 Asa
result of this, phig bladder sealing surfaces 4122 15 in non-enpagement withs the tine fingers
8044, But a portion of the sealing surfaces 4122 15 still m sealing engagement with the receptacle
ane fingers 9944, As the mating progresses, the plug tine assembly 406 move witlun the sealed
plug 128 to bring the plug tive tabs 8042 (Figure 11A) i engagement with support 402, These
tabs 8042 mitially engage with the tapered mlet 4032 of the support 402. Due to frictional
reaction, the tmes 804 collapse by deflecting mwardly.

[00161] Asshown in Figore 18F, as mating continues, the tines 804 and the tabs 8042 enter the
bore 4030, Within the sealed receptacle 130, the tine assernbly 706 depresses further and
disengages from the receptacle seal plate 712. The receptacle tine fingers 9044 are no longer m
shaft sealing arrangement with the bladder sealing surfaces 7122 (Figure 15} With the phlug seal
plate 412 and the receptacle seal plate 712 still i pressure tight sealing engagement from the
face seals, sealed passageways 1702 s created between the plug chamber 420b and the

receptacle chamber 720b. The passagewavs 1702 connects the fluid volume of both the plug and
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receptacle chambers 4200, 720b.

[00162] As the nafing progresses as shown in Figures 183G and 19B, the receptacle tine
assembly 706 within the sealed receptacle 130 biings the tine tabs 9042 in engagement with the
support 702. The tabs 9042 mutially engage with the faper 7032 along the bore 7030, Due o
frictional reaction, the fines 904 collapse by deflecting mwardly. With continned mating, the
tines 904 and the tabs 9042 enter the bore 7030. At this mating stage, the plug tines 804 and the
receptacle tines 904 are in collapsed position, and the passageways 1702 clears for connection of
the plug contacts 404 and the receptacle contacts 704

[00163] Asshown i Figwre 18H, contined mating brings the plug seal plate 412 and the
receptacle seal plate 712 further info the sealed plug 128, The stationary plug contacts 404
extend through the passageways 1702 without making any contact with sealing surfaces 4122,
7122 of the bladder assemblies 410, 710 {Figures 8, 15). The front portion 194 of the plug
contacts 404 are now in the chamber 720b of the sealed receptacle 130. The plug chamber 420b
and the receptacle chamber 720b are stil connected by an annulus 1704 created in the
passageways as a result of entrv of the plug contacts 404 mto the receptacle chamber 720b.
[00164] The anpulns 1704 volume may be based on sizing of the plug contact 404 front portion
194 relative to a diameter of the sealing surfaces 4122 and 7122, The sizing of the shaft sealing
surfaces diameter may be suifed o enable unobstructed passage of the plug contact 404 and
effective pressure sealing of the respective chambers 420b, 720b in unmated and mated state. In
other versions, the plug contact 404 may be in sealing contact with one or both the sealing
surfaces 4122, 7122, In such sifuations, the plug front portion 194, the sealing surfaces 4122,
7122, and the respective tines 804, 904 may be suitably sized to achieve pressure sealing of the
chambers 420b, 720b in the respective sealed plug and receptacle 128, 130 i both an unmated
and a mated state. During mating, pressure sealing of respective chambers 420b, 720b may be
mamtained by the penetrating phig contact 404,

[00165]  As shown mn 181 and 19C, at the final stretch of the mating stroke, the receptacie
contacts 704 are brought closer to the plug contacts 404. The contacts 404, 704 are radially and
angularly aligned for contact therebetween. The ferrule 192 of the plug contact 404 makes initial
contact with the sleeve 210 of the receptacle contact 704, The plug ferrule 192 is hinely aligned
with the receptacle ferrule 202, Duning this aligniment action both the contacts 404, 704 may flex

to acconumodate the alignmment reaction forces.
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[00166] The fermie 192 of the plug contact 404 and the ferrule 202 of the receptacle confact
704 are brouglt m contact with each other. As this contact mating continues, the plug contact
404 pushes the receptacle contact 704 and overcomes the preload spring force of the contact
spring 1404, At this stage, further mating or over-fravel may nol occur as the step 4166 of the
plug housing 416 provides hard-stop to the housing 716 of the mating sealed receptacle 130. The
plug 128 and receptacle 130 are now considerad fully mated. The contacis 404 and 704 are
aligned m radial and angular directions, physically mated with constant spring force from the
contact spring 1404 and mamntaming the phyvsical contact between ferrules fo provide
communication between the sealed plug and receptacle 128, 130. The mated contacts 404, 704
are mainfained in a benign environment of the chambers 420b, 720b with pressure tight sealing
mamtaiped between chambers and the ambient environment.

[00167] As shown by reversing Figures 18A-18], reverse action of the described mating
sequence disconnects the sealed plug 128 and the sealed receptacle 130 with the respective
contacts 404, 704 mamtammed mn thetr respective sealed chambers 420b, 720b during and after the
disconnect. The plug and receptacle tines 804, 904 may move out of their deflecied state due to
the natural flex from memory of the material as the de-ipating sequence brings the tabs 8042,
9042 out of the bore 4030, 7030 due to the bias of the tine springs 426, 726. Any fluid exchange
between the chambers 420b and 720b dwing mating and mated engagement may reverse during
de-mating and disconnect without any nef loss. When fully de-mated the respective fine fingers
8044, 9044 may be m sealing engagement with the respective sealing surfaces 4122, 7122
thereby re-establishing the respective sealed chambers 420b, 720b.

[00168] Figures 21-28D show example variaiions that may be provided in the sealed connector
132. Figure 21 shows a modified seal connector 1327 with a dual sealed receptacle 1307, As
shown by this figure, the sealed connector 132’ may be suntlar to the seal connector 132, except
that an additional discrete bladder 2306 may be mounted within the sealed plug 128 and/or the
sealed receptacle 1307, The bladder 2306 may be made out of the same matenial and filled with
similar fuids as the bladder 711

[00169] The bladder 2306 15 a tubular structure with a sealing end, a tapered rear end, and a
stepped mner diameter. The bladder 2306 may be mounted onto support 7027 m the receptacle
1307 {and m a similar posttion i & corresponding plug). A seal end of the bladder 2306 may be

filled with an ummobile, viscous gel 2304, such as a soft cure optical index matching gel. Part or
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all of the bladder 2306 mayv be filled entirely with gel 2304, The gel may be inunohile {e.g.,
retained m place within the sealing end of the bladder 2306), and also pliable under external
force. During the mated sealing of the dual sealed connector 1327, the plug contact 404 with the
fermile 192 enters the bladder 2306 (Figures 18A-1), and the ferrule 192 prerce through the gel
2304 before entering the fermle sleeve 210 of the mated ferrule 242 of contact 704.

[00170]  Asalso shown i Figure 21, in place of the collars 1202 {which may be discrete to
respeciive contacts) a retaining ring 2302 may be used. The retaining ring 2302 may held in
place by fasteners comnected to the support 702°.

[00171] Figures 22A and 22B show a modified sealed plug 128" with the tines 804 11 an
expanded and collapsed position, respeciively. The modified sealed plug 128 mclundes an
additional tine refurn assist mechanism 240 mounted about the seal plate 4127 and push rod 408.
Figures 23A and 23B show the tine return assist mechanism 249 i greater detail. The tine refien
assist mechamisim 240 mav be a spring mechanism including a base body 2404 and biased
plungers 2402 that defent and retwrn upon application of load and removal.

(001721  Asshown m Figure 23 A, prior to deflection of tine 804, the tine fingers 8044 of the
tine 804 1s m proximity to the phanger 2402, As shown in Figure 23B, when the tines 804
collapse, a radial compressive load overcomes a plunger bias thereby compressing the plunger
2402, When the tine 804 deflects back dunng a demating stroke, a spring force of the plungers
2402 ensure positive retum of the tines 804 to a fally expanded state prior to the tine fingers
8044 entening the sealing surface 4122 m the bladder 4117,

[00173] Figure 24 shows another mated connector 1327 1n an electric/optical configuration.
The mated connector 13277 is sunilar to the mated connector 132, except that electric confacts
430 and 730 are also included. The electric contact 730 of the sealed receptacle 13(¢" mcludes an
msulator 292 and a conductor 294 with an mternal shaft. The electric contact 430 of the sealed
phig 128" meludes an insulator 282, a conductor 284, When fully mated the plug conductor 284
15 fully mnserted mto the receptacle conductor 284 with the electric contact element 296 making
positive contact with the plug conductor 284.

[00174] The conductor 294 has a forward porfion with a socket that hounses the contact element
296 and a rear portion with a tubular shaft to receive an electric wire from the ternunation or
other equipment. The conductor 284 has a forward portion with a spherical tip and a rear portion

with a fubular shaft {o receive the electric wire from termination or other equipment. The
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isulator 292, 282 may be a machined or mjection molded component that is assembled with
bonding onto or molded over the conductor 294, 284 respectively. The conductor 294, 284 may
be a machmed comnponent that is made from electrically conductive material such as copper,
alununum, bronze efe., Insulator may be made from electrically insulative material such as
LDPE, MDPE, HDPE, PEL PEEK etc.

[00175] The electric contacts 430, 730 are tubular structures sinular to the contacts 404, 704,
with sealing srooves and a seating shoulder at a nuddle portion thereof. The contact 730 have a
contact element 296 that makes posttive contact with 430 and conducts electricity through wire
to termination or other equipment. The contact element 296 may be a stamped thin cross section
made of electrically conductive material formed into a cylindrical shape that strefches when
mated with a pin. The confact element 296 may be contact bands comunercially available electnic
conmponent, for example from MOUSER ELECTRONICS™ at wiww. mouser.cont.

[00176] Figure 23 shows a refentfion mechanism 2129 usable for connecting the mated
connector 132, The refention mechanism 2129 may be used o connect the sealed receptacie 130
to the sealed plug 128, During mating, the retention mechanism 2129 may be supported by an
ROV (remote operated vehicle — not shown} while carrving the sealed receptacie 136 for
connection. The sealed plug and receptacle 128, 130 may be mated by using the ROV to hifi the
sealed receptacle 130 into position fo mate with the sealed plug 128,

(001771 The retention mechanism 2129 meludes the housing 268 and the flexible housing 270.
The termmnation housing 268 has an inlet to receive the sealed receptacle 130 theremn, and may be
provided with ternunation tubes 324 and tube joints 323 for connection fo the contacts 704 of the
sealed receptacle 130 as shown m Figures 2A and 2B. The optical fiber pigiail 222 from the
contact 704 1s protectively housed within termination fubes 324 and contained withim the bousing
268 and the flexible housing 270

[00178] Referring back to Figure 25, the retention mechanism 2129 may also include a handle
262, lock plates 272 and a handle retamner 264 for use during connection. The handle 262 15
movably mounted to the sealed receptacle 138, through holes 7174 on the receptacle housing
716. The handle 262 may be shaped for grabbing by the ROV during installation. The handle 262
may be held m place about the retention mechanism 2129 by handle retamer 264. The handle
retainer 264 is a evhindrical member positioned abowt the inlet of the retention mechantsm 2128

[00179] As shown in Figure 26, the handle 262 15 a tuung fork shaped structural member with
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a fork portion 2622 and a handle porfion 2624, The bandle portion 2624 ts shown as being T-
shaped. and could have other shapes and/or employ ether industry standard ROV handle
interfaces. For example, the handle portion may have a fish tail or D handle shape.

[00180] One or more lockmg plates 272 mayv be mounted fo the housing 716 with fasteners. In
this example, fowr locking plates 272 at equally spaced angle around the sealed receptacle 130 15
shown. Other shapes, orientations and fastener locations may be used.

[00181] Figures 27A-27B shows example lock plates 272, 2727, respectively. The locking plate
272 mcludes a front tip 2722 and a rear block 2725 connected by 1ib portion 2727, The frount tip
2722 15 recervable in & cut out 2602 in the plug housing 416. As shown i Figure 27B, the nib
portion 27277 may be modified to mchude a serrated tib spring or bellow type airangement. The
spring/bellows may be used to facilifate compliance of the lock plate 2727 1o the sealed
receptacle 130 and‘or to minimize frictional forces during connection and/or disconnection
thereon.

[0(182] Part or all of the retention mechamsm 2129 may be made out of corrosion resistant
metallic matenal, coated metallic material or other rigid thermoplastics suitable for the loading
requirements of the connector mass and mating spring forces. Part or all of the retention
mechanism 2129 may also be manufactured from casting, molding, and fabrication with welding
o1 other suitable manufacturing processes, and/or manufactwred from machiming or cast and
finish machined.

[00183] Fipures 28A-28D show mating of the retention mechanism 2129, As shown m Figure
2R84, the front tip 2722 of the lock plate 272 1s posttioned to engage with the entry taper 2710 of
the plug housing 416. The mmner face 2642 of the handle retainer 264 15 pushed against the lock
plate rear block 2725, At this stage, forward movement of the receptacle 130 by the ROV
engages the lock plate 272 with the bousing 416 as shown in Fignre 28B. The cantilevered lock
plate 272 conforms and deflects from the frictional interaction of the taper suifaces. As the ROV
continues mating, the lock plate front fip 2722 tracks the mner diameter profile of the sealed plng
128 until it is clear of circumferential restriction thereof.

[00184] Asshown m Figure 28, the fronf tip 2722 of the lock plate 272 clears circumferential
restriction when the mating stroke brings it to the cut out 2602 on the seal portion of the sealed
phig 128, In the absence of restriction and associated frictional forces, the lock plate 272 rehuns

back to its natural state which resulis in the front tip 2722 of the lock plate 272 locks in place
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inside the cut out 2602, At this pomnt, the connector countacts 404,704 (Figure 24) are fully mated.
[00185] With the sealed plug and receptacle 128, 130 properly mated, the ROV may then
relieve the handle 262 and depart. The lock plate 272 mounted on the cut ont 2602 of the sealed
plug 128 15 sufliciently load bearing member fo keep the sealed plug 128 and the sealed
receptacie 130 mated against the axial forces of the connector springs therem.

[00186] For demating, the ROV may grab the handle 262 and gradually pull the handle 262.
As a resulf of this action, the refainer 264 of the handle 262 1s pulled backwards. The tapered
surface 2644 of the retamer may be brought tn contact with the lock plate 272 as shown i Figure
28D, Contimuous pulling of the handle 262 by the ROV results in increased frictional force
between the refainer 264 and the lock plate 272,

[00187] When the fiichional forces overcome the axial forces of the connector springs, the
cantilevered lock plate 272 deflects and the front tip 2722 unlocks from the cut out 2602, Now
the axial forces from the connector springs are balanced by the ROV grab of the handle 262,
Gradual pulling of the handle 262 causes the lock plate 272 to frack along an mner diameter of
the sealed plug 128, Further backward movement brings the lock plate 272 out of the sealed plug

12R. Continved movement fully demates the sealed receptacle 130 from the sealed plug 128,
MODULAR CONNECTOR ASSEMBLY

[00188] Figures 29 and 30 show a modular version of the sealed plug 1287 and sealed
receptacle 130°7". The sealed plag 128" and the sealed receptacle 130" may have features
simtlat fo the sealed plug 128 and sealed receptacle 130, which have been simplified for cireut
density, modularity, ease of component manufacturing, assembly, and cost-efficient mass
production.

(001891 In this version, the sealed plug 1287 mcludes a modular bousing 4167 and an
wmiernal assembly 41777, The modular housing 41677 mcludes a tip 4164777, abase 4716777, and
atube 417377 The tip 416477 1s shaped for engagement with the receptacle 13077, The base
47167 15 shaped for engagement with the equipment {e.g. 120 of Figure 1A}, and to receive the
support 402777, The tube 417377 has the tip 416477 connected at one end and the base 4716 on
an oppostte end thereof. The housing base 471677 and tube 41737" may be secured together
using fasteners or stmilar means. Assembly of the housing 41677 1s stnular to the assembly steps

rectied for the housmng 416 of the sealed plug 128,
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[00190] The infernal assembly 41777 mcludes a support 40277 a bladder assemblv 41077, a
tine assembly 406777, and contacts 40477, The support 4627 1s sunilar to the support 402 of
Figure 4C, except that it has been modified to inclnde features of the support 702 of Figure 12C.

The support 402777 is secured m the housmg base 4716

" and has a connection end that extends
therefrom for connection with optical fibers 222, A bladder end of the support 4027 extends
into the bladder assembly 410" and is slidably miovable through the tabe 41737

[00191] The tine assembly 4067 and contacts 40477 are supported in the support 402777 and
extend mto the bladder assembly 41077, Gude reds 4718 extend from the connection end of the
support 4027 {o the tine assembly 406°" for providing support and guidance thereto.

(001921  Asshown i Figure 30, the receptacle 13077 mav be stnular to the plug 128", with
corresponcing parts configured to seal with the mated plug 128", The recepiacle 1307 mcludes
a modular housing 71677 and an internal assembly 71777 for matably sealing with the
corresponding housing 41677 and internal asserubly 4177 of the plug 12877, The modular
housing 71677 mcludes a tip 716477 corresponding to the plug tip 4164°7°, a tube 7173777, and
the same base 4716™"".

[00193] The internal assembly 717777 1s sinular to the internal assembly 41777 and mncludes the
same support 402777, The mternal assembly 71777 also meludes a bladder assernbly 710777, a tine
assenibly 760777 contacts 704777, and gwmde rods 7718,

(001841 Figures 31-35 show detailed views of components of the sealed phag 1287 andvor
sealed receptacle 130777, Features of the plug 12877 may be sinular to the sealed plug 128 with
some variations for simplification.

[00195] Figures 31-33B show portions of the bladder assembly 410" and 71077 m greater
detail. The bladder assembly 410" 1s simular to the Madder assembly 410 of Figure 8, except
that the sealed bladder 4107 has been sunphified to include a bladder 4117”7, seal plate 4712,
and a seal end 4115, The bladder assembly 71077 is sinular to the bladder assembly 710 of
Figure 16, except that the sealed bladder 710777 has been simplified to mclude a bladder 71177,
seal plate 7712, and a seal end 7115, As shown in these views, the bladder assembly 410™" may
have vartous confignrations to factlitate operation and/or manufacturing.

[00196] The bladder 41177 15 sinmlar to the bladder 411 of Figure 8, except that the bladder
41177 1s symmetric. The bladder 411777 mcludes a ribbed middle portion 41087 with symmetric

support ends 41027 on etther side thereof {and without the bladder lip 4104). The support ends
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410277 are standardized to mterface with support 402777 (Figure 29) and seal plate 4712 to
facilitate assembly of the bladder 41177 at any orientation. The support end 41027 of the
bladder 4117 15 posittonable in sealing engagement with support 4027 and seal plate 4712.
The bladder 411777 may be held in place by a refamer ring 4147

(001971 The seal plate 4712 1s shown in greater detail in Figure 32, As shown in this view, the
seal plate 4712 1s a tubular niember with a connection end shaped to receive the suppert end
410277 at one end and having a plate end with a lip 4713 shaped to support the plug seal end
4115, The plate end may have a similar outer surface as the plate 412 of Figure 8. In this version,
the plug seal end 4106 i3 separated from the seal plate 4712,

[00198] Figures 33A and 33B show the separate plug seal end 4115 and a receptacie seal end
7115 m greater defail. As shown in these views, the plug seal end 4113 mav be separated from
the seal plate 4712 to facilitate manufacture. In this version, the seal ends 4115, 7113 have disc
shaped bodies 4112777, 711277 with face seals 4114777, 711477 extending therethrough and with
a shatt extending therefrom for recetving the push rod 4087 and tine rod 604 therethrough.
[00199] Seals 411677 41187 and 412277 attached to the seal plate 4712 in a streiched
sealing engagement of the disc body 411277 at the hip 4713, The shaft sealing surfaces 4116777,
41187 and 412277 are sumilar to the sealing surfaces m bladder assembly 410 of Figure 8. The
shaft sealing surfaces 711677, 711877 and 71227 are sunilar fo the sealing surfaces m biadder
assembly 710 of Figure 135, The seals may be made from high duwrometer elastomers o provide
structural rigidity to the unsupported portion of the disc. The seals may also be molded with
piternal support such as metal or plastic insert around which elastomer molding 1s performed
resuliing in a bonded structure.

[00200] Figures 34A, 34B, and 35 show feanwes of the tine assembly 406", 706", The tine
assentblies 40677, 70677 are sunilar to tine assemblies 406, 706 of Figures 11A-11B and 16A-
16B. This version inchudes a tine base 802777, 902" with tine rods 20377, 604" and tines
804777, 90477, The tines 804°7", 90477 are shaped fo have reduced cross section along #ts length
to achieve reduced inertia and aid i manufacturing operation such as bending. The tines 80477,
904" are seated in the tine base 802777 902" with spring mechanmsms 884K, 9048 and tabs
84277 w427,

[00201] The tine bases 802777, 80277 are cvlindrical members with mnterface bores 9050, 90352

and holes 9054, 9056 therethrough shaped for press-fit and lock-in assembly, respectively. The
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interface bores 9050, 8032 recervingly support the rods 302777, 604" when press fitted 1o place.
The holes 9054, 9056 recervingly support the spring mechanisms 8048, 9048 when lock-n
assembled i place. The diagonally opposite holes 9056 recerve guide rods 4718, 7718 that
facilifate smooth travel and prevent rotation of the fine assembly 406777, 70677 during connector
mating and de-mating.

EER]

[00202] Collapsed and expanded posttions of the tines 804", 804" are aclueved by virtue of
the spring mechanisms 8048, 9048 and the tines 804" 77, 204" reaction agamst the supporis
402777, 70277 (Figures 29, 30). The tines 80477, 904" may optionally have bellow type end
feature, instead of spring mechanism, to interface with tine base 802777 902" throngh joining or
other means. The tine bases ¥027", 8027, may be identical and mass produced to achieve cost

effictency.
ELECTRIC CONNECTOR ASSEMBLY

[00203] Figures 36-44C show various views of an electric sealed connector 1320 usable for
conmyutication befween equipment, such as the seafloor equipment 120, 126 of Figure 1AL
Figure 36 shows a partial cross-sectional view of the electric sealed connector 1320 for
connecting equipment. Figures 37A-37D) schematically show connection of the electric plug
1280 and the electric recepiacle 1300 of the sealed connector 1320, Figures 38A-39 show
various aspects of the elecinic plug 1286, Figures 40A-41 show vartous aspects of the electric
receptacle 1300. Figures 42A-44C show operation of the electric connector 1320.

[00204] The sealed connector 1320 may operate simtlaily to the sealed connectors 132, 132ab
described herem. In this version, the electric sealed connector 1320 includes a sealed plug 1280
and a receptacle 1300 connectable to electric wires and/or cables. The eleciric sealed connector
1320 as shown has features capable of communication with the electric wires, but optionally
could also have featwres for other wirves or cables, such as those of the sealed connectors 132,
132a.b descoribed herein.

[00205] Asshown m Figure 36, the {ermination 1020 may be similar fo the termination 102 of
Figure 2B, except that the cable 1210 s an electric cable and the termination 1020 1s provided
with an electric connection asserubly 3290 capable of passing multiple electric wires
therethrough. The electric connection assembly 3290 may be sinular {o the connection assembly

327 of Figure 2B, except that 1t 15 configured for electric connection.
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[00206] The termuination 1020 includes a housing 3280, an mlef 3110, a mantfold 3300, fube
joints 2523, and tubes 2324 to sealingly protect the wires (not shown) from the cable 1210, The
wires extendd mito the housing 3280, through mudtiple passages in the inlet 3110, and throngh
nmitiple passages i the mantfold 3300, The wires 2220 also pass through the termmnaiion tabes
2524, and the tube jomnts 2523, The wires extend from the housmg 3280 for coupling to the
sealed connector 1320.

[00207] The sealed plug 1280 and the sealed connector 1320 are matably connectable to each
other and 1o the equipment m a similar fashion as with the sealed connector 132 of Figmme 2B. In
this version, the sealed plug 1280 has a phlug housing 4160 sealingly connectable to the
termination 1020, and electric contacts 4300 sealingly and operatively connectable o the tubes
2524 by tube joints 2523 with the wives therem.

[00208] The receptacle 1300 has a receptacle housing 7160 and contacts 7300 sealingly and
operatively connectable fo the tubes 2524 and tube joints 2323 of a harness connector 3290, The
harness connector 3290 includes a housimg 2680 and flexible housing 2700 that connects the
receptacle 1300 to the electric harness 1340 to pass the wires therethrough. The contacts 4300 of
the sealed plng 1280 and the contacts 7300 of the receptacle 1300 are protectively sealed.
[00209] Figures 37A-37D show the sealed connector 1320 in various posthions mchding an
ummated, engaged, {riggered, and mated position, respectively. As shown m these views, the
sealed plug 1280 and the receptacie 1300 each include the housing 4160,7160 that includes tine
rod 6040, the contacts 4300,7300 and bladders 4110,7110, and receptacle 1300 also mchdes a
tne assembly 7060 with tine rods 6040, and sealed plug include a push rod {trigger} 4080.
simtlar to the corresponding parts of the sealed plug 128 of Figure 4C and sealed receptacie 130
of Figwre 12C.

[00210] In this eleciric example, when wnmated (Figure 37A), a forward end of the electric
contact 4300, expanded tine assembly 7060 keep the electric confacts 4300, 7300 sealed within
the bousmnps 4160, 7160, When the sealed plag 1280 and the receptacle 1300 engage (Figure
37B), push rod 4080 engages with mating tine rods 6040 and pushes the tine assembly 7060 in
conjunction with translation of either the sealed plug or the sealed receptacie to create a seal
between the sealed plug 1280 and the receptacle 1300. The push rods 4080 pushes {(Figure 37(C)
the mating tine assembly 7060 further in to a collapsed position mn conjunction with the sealed

bladder 4110 moved by sealed bladder 7110 to create an annular passageway 1702 therebetween.
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With further mating movement, and the tine assembly 7060 i collapsed position, the electric
contact 4300 is brought, via the passageway 1702, fo mating engagement with contact 7300,
Now, mated power and conumuncation pass through the mated sealed connector 1320 and

between the electiic wires 22204, b (Figure 37D).
i ELECTRIC PLUG

[00211] Figures 38A - 39 show vartous aspects of the electric plug 1280 in greater detail.
Figures 3BA-38C show various views of the assembled electric plug 1280, and Figure 38 shows
a contact 4304 usable with the eleciric plug 1280. As shown m Figures 38A-38C, the sealed plug
1280 mciudes the housing 4160 and the infernal assembly 4170 which may be simidar to or the
same as those of the sealed plag 128 {see, e.g., Figures 4A-4C), except that this version has no
tine assembly or support spring {see, e.g., tine assembly 406 and spring 426 of Figures 4C and
11A-11B)

1002121 An internal chamber 42002 15 defined within the housing 4160. The internal assembly
4170 1s disposed in the internal chamber 4200a of the plug housing 4160 and supported by the
plug support 4020. The internal assembly 4170 mcludes the receptacle support 4020, the electric
contacts 4300, the bladder assembly 4100, and a push rod {frigger} 4080, The push rod 4080 and
the contacts 4300 are supported in the support 4020 and extend through chamber 4200b 1n the
bladder assembly 4100 as previously described for the push rod 408 of Figure 4C and 4D. In this
version, the bladder assembly has a seal plate 4121 with seals 4114 theremn. The push rod 4080 is
supported n the support 4020 at one end and extends through the seal plate 4121 of the bladder
assembly 4160,

[00213] Figure 39 shows the electric contact 4300 in greater detail. The eleciric confact 4300 15
simtlar to the contact 404 of Figure 6, except that the electrie contact 4309 i1s configured for
electric connection. An example contact and connection features are disclosed in
UIR2017022807.

[00214] The clecinic contact 4300 mclndes a conductor 2840, msulator 2820, and a seal shall
2830. The conductor consists of a contact portion 2842 and termunation portion 2844, The
contact portion 2842 is suited to make connection with the mating electric contact 7300 as 15
described further heremn. The termination portion 2844 1s sutted to recetve the electric wue from

the electric cable {e.g., 2220 of Figiwe 37D)). The insulator 2820 consists of a front portion 2822,
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a rear portion 2826, and a middle portion 2824 confaining grooves to hold gland seal. The rear
portion 2826 may have a stepped diameter 2828 to sealingly recerve termination tube. The seal
shaft 2830 has a forward end 2834 and rear end 2832, Forward end 2834 may be shaped to
wierface with tines of the recepiacle tine assernbly 7060 as 1s described hurther herein. Rear end
2832 may be shaped for permanent attachment to conductor 2840,

(002151 Conducior 2840 may be made from any electrically conductive material mcluding but
not limited to copper, alupumum, copper alloy, silver ete,, Conductor may be protectively coated
to prevent oxadation and other environmental effects. Conductor may be made as single umtary
piece erther machined, cast, or mamufactured from non-traditional processes such as 3D printing.
Alfernatively, the conductor 2840 may be made from jotnng of nmitiple pieces to form the final
shape. The conductor 2840 may be shaped along the length to provide supporting stmicture for
the msulator 2820.

(002161 Insulator 2820 may be made from any electrically insulative material including but not
limited to LDPE, MDPE, HDPE, PEI PEEK efc. The insulator may be protectively coated on ifs
external surfaces to prevent deterioration of iis properties from environmental effects, and mayv
be coated on its nfernal surfaces to promote compatible interface with the conductor 2840. The
msulator 2820 may be made as smgle unitary piece erther machined, injection molded, or
manufactwred from non-traditional processes such as 3D printing. The msulator 2820 may be
made from joming of mmltiple pieces to form the final shape. Internal surfaces of the insulator
2820 may be shaped along its length to have a matching and structurally supporting mnferface to
the conductor 2840,

[00217] Seal shaft 2830 may be made from mert material that 1s electrically insulative and
resistant to degradation from envionmental effects. Ceramic (alununa), PTTE are examples of
material that may be used for seal shaft.

[00218] Electric contact 4300 may be formed from either assembly, bonding, injection
moldmg, joinmg, or any combination thereof of conductor 2840, msulator 2820, and seal shaft
2830. Conductor 2840 and nsulator 2820 interface may be hermetically bonded or mechamcally

sealed from the forming processing.
2. ELECTRIC RECEPTACLE

[00219] The electric receptacle 1300 is shown 1n preater detadt i Figures 40A-40C. The
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receptacle 1300 is sunilar to the electric plug 1280 with some variations fo allow for mating and
operation with the electric plug 1280. As shown m these views, the receptacle 13060 mcludes the
housing 7160 and an internal assembly 7170

[00220] The mternal asserubly 7170 mcludes the recepiacle support 7020, the bladder
assembly 7100, the tine assembly 7060, and the receptacie electric contacts 7300. The bladder
assembly 7100 has an internal chamber 7200b with the electric contacts 7300 and tine assernbly
TOO0 extending therein. The components of the receptacle 1304 cotrespond to the components of
the sealed plug 1280 for sealed conpection and operation therewith. The components of the
receptacle 1300 may be made from the same materials as the corresponding components of the
sealed plug 1280

[00221] The eleciric receptacle 1300 1s sinular to sealed receptacie 130 of Fignre 12C with
conunon components and assembly structure. In this version, the receptacle 1300 has been
modified for use with electric wires and equipment. The bladder assembly inchides a seal plate
7121 with seals 7114 for sealing engagenment with the seal plate 4120 of the plug 1280 The tine
assemibly 7060 has a configuration sinular fo the tine assembly 706 of the Figures 12C and 16A
and 16B. The tine rod 6040 extend through receptacle 1300 and the seal plate 7121 for
engagement with push rod 4080 of the plug 1280, A spring 7260, for biased tine assembly 7060
refurn, extends through a portion of the support 7020. This is sinular {o the function of spring
726 in receptacie 130 of Figwre 120, The spring about the shoulder 7168 of receptacle 130 of
Figure 12C has been eliminated m the electric receptacle 1300 of Figure 40C. This will be
further evident as described in the mating sequence as there are no tine assembly within phag
1280 requiring trigger from the receptacle 1300, Hence the rtb section 7109 of the bladder 7100
remains stationary unlike the bladder 710

(002221 Figure 41 shows the electric contact 7300 in greater detail. The contact 7300 1s sumnilar
to the contact 4300 with some variations to allow for mating and electric conmmmnication. The
contact mchides a conductor 2940, psulator 2920, and an electric contact element 2960

{00223} The conductor 2940 1s sumilar to conductor 2840 except the contact portion 15 shaped
to receive the contact portion of conductor 2840 and establish positive electric contact continuity
through electric contact element 2960, The contact element 2960 may be contact bands
conunercially available electric component, for example from MOUSER ELECTRONICS™ at

www.mouser.com. Electric contact 7300 may be made from materials and processes similar fo
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efectric countact 4300 that was recifed before.
SEALED MATING OF THE ELECTRIC CONNECTOR

[00224] Figures 42A - 44C shows various views of the sealed electric connector 1320 the
electric plug 1280 and the receptacle 1300 in various stages of connection. As shown in these
views, the receptacle 1300 is settable in the electric plug 1280. Various equipment, such as the
termination 1020, the harness 1340, the sea floor equupment, or other equipment may be
connected o the electric plug 1280 andior the receptacie 1300 before or after mating.

(002251  Asshown mn Figure 424 the electric plug 1280 and the receptacle 1300 may be
posiitoned i gross aligonment for mating. The electric plug 1280 may be provided with the
keyway 4176 and the receptacle 1300 may be provided with key 7166 for alignment and shding
engagement therebetween similar to those of Figure 17A. As the receptacle 1300 1s moved
forward, the receptacle 1300 is guided by the kevway 4176 to begin mating with the plug 1280.
[00226] In its unmated state, sealed plug 1280 houses the electric contact 4300 sealed within
the bladder assembly 4100. Sealing of the unmated plug 1280 1s achieved by the seal shaft 2838
{Figure 39} of the eleciric contact 4300, and sealing engagement of the push rod 4080 with shaft
sealing surface 4122 and 4116 (see, e.g., Figwwe ]).

[00227] The mating of electric sealed connector 1320 may be sinular to mating of sealed
connector 132 as described with respect to Figures 17A-19C. Durning mating, the electric plug
1280 or the receptacle 1300 may be stationary as they are drawn together for mating. Due to the
pressure balancing and spring forces of the components of the sealed connector 1320, the sealed
connector 1320 may be triggered to create a seal between the electric plug 1280 and the
receptacle 1300,

[00228] Asshown in Figure 43 A, the electric plug 1280 is positioned to recerve the receptacle
1300 through end 4164 and mto chamber 4200a of the housing 4160, The housings 4160, 7160
may engage as shown in Figure 41 A fo prepare the internal assembhies 4179, 7170 to engage.
The mternal assemblies 4170, 7170 are at a distance from each other during the disconnected
stage. As the receptacle 1308 enters mio the housimg 4160 of the electric phag 1288, a substantial
amount of the seawater from chamber 4200a 1s pushed out of the way between mating ends of
the electric plug 1280 and the receptacle 1300 as indicated by the curved arvows.

(002291 As shown m Figure 438, the receptacie 1300 has entered the electric phug 1280 and
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advanced such that its seal plate 7121 15 about to confact the seal plate 4121 of the electric plug
12R0. The push rod 4080 of the electric plug 1280 makes positive contact with the fine rod 6040
of the receptacie 1300, and the tines of the tune assenmibly 7060 are in latent contact with electric
contact seal shatt 2830 of the contact 4300,

[00230] Presswe along contact surfaces between push rod 4080 and tine rod 6040 15 higher
than contact pressure along contact surfaces between the tine assembly 7060 and seal shaft 2830
The contact pressure between the tine assembly 7060 and seal shaft 2830 may at or near zero. As
a result of this relative disposition, forward movement of the receptacle 1300 agamst the electric
plug 1280 results in the fixed push rod 4080 depressing the tine assembly 7060 within the
receptacle 1300 and overcoming a preload spring force of the tine spring 7260,

[00231] The seal shaft 2830 confinue to be in non-pressure contact with receptacle tine
assemnbly 7060, withowt separation, and sunply follow the depressing receptacle tines assembly
7060 in translation due io the forward mating movement of the receptacle 1300. In other words,
the relative position of the electric contact 4300 to the push rods 4080 within the eleciric plug
1280 remains the same.

[00232] As the mating continues as shown in Figures 43C and 444 forward movement of
receptacle 1300 continues until the plug and receptacle seal plates 4121, 7121 converge through
the face seals 4114, 7114 (Figures 3&B, 40B). Uinlike the sealed connector 132 mating, the
receptacle seal plate 4121 doesn’t move within the receptacle 1308, As explained herein, there a
spring 1s not reguired in receptacle 130 about the shoulder 7168 of Figure 12C since there is no
ane assembly or triggering by the spring within plug 1280, The receptacle bladder 7110 and b
section 7109 may be locked m place with guide pin 7220 in the seal plate 7121 {see e.g., Figure
40A). Marginal movement may be accommodated for the seal plates 4121, 7121 while the face
seals 4114, 7114 m the seal plates 4121, 7121 (Figures 38B, 40B) may engage to establish
pressure tight sealing mterface between receptacle 1300 and electrie plug 1280. At this pomt of
mating the seal shaft 2830 1< m scaling engagement with both plug bladder shaft sealing surface
4122 and receptacle shaft sealing surface 7122, This mating sequence and expunging of seawater
between the plug 1280 and receptacle 1300 and mechanics of the presswre tight face seals 4114,
7114 may be simular to those for mating of sealed connector 132,

[00233] As the mating continues further, plug seal plate 4121 begins to depress, overcoming

the plug spring 4240 preload force, within the electric plug 1280 by the receptacle seal plate
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121 due to the forward mating movement of receptacle 1300, At the same time push rod 4080
continues to depress the tine assembly 7060 within the receptacie 1300,

[00234] As the mating progresses as shown m Figures 43D and 44B, the receptacle tine
assemubly 7060 within the receptacle 1300 brings the tine fabs 9042 m engagement with the
support 7020, Sumilar to the mating seguence of sealed connector 132, tines of the tine assembly
7060 collapse by deflecting mwardly. At this mating stage, the receptacle tine assembly isina
collapsed position, moved away from the Iatent contact it had with seal shaft 2830 of the contact
4300 (Figure 43B). The electric contact 4300 15 cleared of its path to make connection with
contact 7300 in the receptacle 1308, The seal shaft 2838 of the electric contact 4300 13 now in
the chamber 7200b of the receptacle 1300,

[00235] Further mating mwovement of the receptacle 1300 may make the stationary electric
contacts 4300 extend through the passageways 1702 {Figures 37C-37D} without contacting
sealing surfaces of the seal plate 4121, 7121 of the bladder assemblies 4100, 7100. The plug
chamber 4200b and the receptacle chamber 7200b miay still be connected by an annulus created
it the passageways 1702 as a result of entry of the plug contacts 4300 mto the receptacle
chamber 7200b as shown m Figures 43E and 44C. In other versions, the plug contact 4300 may
be 1o sealing contact with one or both the sealing surfaces 4122, 7122, During mafing, pressure
sealing of respective chambers 4200b, 7200b mayv be mainfained by the penetrating plug contact
4308,

[00236] At the end of the mating stroke, the receptacle contacts 7300 are brought closer to the
phig contacts 4300. The confacts 4300, 7300 are radially and angularly aligned for contact
therebetween. During alignment action both the contacts 4300, 7300 may flex to accommodaie
the alignment reaction forces. Mating is completed with the contact portion 2842 of the plug
contact 4300 establishing connection with the contact band 2960 of the receptacle contact 7300
The mated contacts 4300, 7300 may be maintained in a benign environinent of the chambers
4200k, 7200b with pressure tight sealing maintamed between chambers and the ambient
environment.

[00237] Reverse action of the described mating sequence disconnects the electric plug 1280
and the receptacle 1300 with the respective contacts 4300, 7300 mantained 1n thew respective
sealed chambers 4200b, 7200b dwring and after the disconnect. The receptacle tines of the tine

assembly 7060 mayv move out of thenr deflected state due fo the natural flex from memory of the
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material as the de-mating sequence brings the tabs 9042 out of the bore 7030 due io the bias of
the fine spring 7260. Any flmid exchange between the chambers 4200b and 7200b duning mating
and mated engagement may reverse during de-mating and disconnect without any net loss. When
fully de-mated the seal shaft 2830, fines of tine assembly 7060 may be m sealing engagement
with the respective sealing surfaces 4114, 7114 of the seal plates 4121, 7121 thereby re-

establishing the respective sealed chambers 42000, 7200b.
METHOD OF ASSEMBLY

[00238] Figure 45 discloses a method 4500 of conununicatively connecting equipiment {e.g.,
assembling and using) the sealed connector(s) herein. The method 4500 mvolves 4570
conununicativelv coupling a sealed plug to a first prece of the equiptuent; 4572 communicatively
coupling a sealed receptacle 1o a second piece of the equipment; 4574 communicatively coupling
the sealed plug to the sealed receptacie by: and 4576 advancing contacts of the sealed phug
through the passageways and info engagement with corresponding contacts of the sealed
receptacle.

[00239] The commmmcatively couphing 4574 mvolves: 4574a - advancing the sealed receptacle
into the sealed plug; 4574b - forming a bladder seal between a plug bladder assembly in the
sealed plug and a receptacle bladder assembly in the sealed receptacle; and 4574¢ - while
mamtanung the bladder seal, opening passageways through the sealed plug and the sealed
receptacle by extending irigger assemblies of the sealed plug and the sealed bladder through the
bladder assemblies and mto engagement with each other. The communicatively coupling 4374
may also mvelve 4374d overconung a spring force of at least one of the biadder assemblies
andfor 4574e overcoming a spring force of at least one of the plug assemblies.

[00240] The method 4300 may have other variations. The advancing the sealed receptacle
comprises recerving an end of the sealed receptacle mnto an end of the sealed plug. The exfending
the trigger assemblies through the bladder assemblies and into engagement with each other
comprises: extending a plug trigger assembly through the plug bladder and extending a
receptacle trigger assembly through the receptacle bladder; and engaging the plug trigger
assembly with the receptacle trigger assembly. The opeming passageways through the sealed plug
and the sealed receptacle 1s performed by engaging the plug trigger assembly with the receptacle

trigzer assembly such that tines of the rigger assembly collapse away from the passageways.
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Part or all of the method may be performed m various orders and repeaied as deswred.

[00241] While the embodiments are described with reference fo various implementations and
exploitations, it will be understood that these emnbodiments are illustrative and that the scope of
the mventive subject matter 1s not linited to thern. Many vanations, modifications, addifions
and improvenents are possible. For example, various combinations of one or more of the
features and/or methods provided herein may be ysed.

[00242] Phusl nstances mav be provided for components, operations or structures described
herein as a single mstance. In general, structures and functionalify presented as separate
components m the exemplary configurations may be miplemented as a combined structure or
component. Simiarly, structures and funchionality presented as a single component may be
mmplemented as separate components. These and other vanations, modifications, additions, and
mnprovements may fall wilun the scope of the inventive subject matter.

[00243] For example, while cerfain connectors are provided herein, it will be appreciated that
varions forms of connection may be provided.

[00244] Insofar as the description above and the accompanying drawings disclose any
additional subject matter that 13 not within the scope of the claim(s) herein, the mventions are not
dedicated to the public and the night to file one or more apphications to claim such additional
invention is reserved. Although a verv narrow claim may be presented heremn, # should be
recognized the scope of this invention 1s nyuch broader than presented by the claumn{s}. Broader
claims may be submitted 1n an application that claims the benefit of prionity from this

application.
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CLADMS
What 1s clanmed 1s:
1. A sealed connector for conmmunicatively connecting equipment positioned in a harsh

environment, the scaled connector comprising;
a sealed plug and a sealed receptacle, each of the sealed plug and the sealed receptacle,
comprising;

a housing;

a support secured in the housing;

a bladder assembly connected fo the suppert, the bladder assembly conwprising an
expandable bladder and a seal plate, the seal plate carried by the expandable
bladder through the housing between an expanded posifion about an opentng
the housing and a coutracted position a distance from the opening;

a trigger assembly supported m the expandable bladder by the support to form a sealed
chamber therebetween, the trigger assembly comprising at least one rod
extendable through the bladder and the seal plate; and

contacts supported in the expandable bladder by the support, the contacts
commmunicatively coupled to the equipment;

wherein, when the housing of the sealed receptacle is matingly connected to the housing of the
sealed plug:

the seal plate of the sealed receptacle is n sealing engagement with the seal plate of the
sealed plug;

the trigger assembly of the sealed plug extends through the seal plate of the sealed plug
and the trigger assembly of the sealed receptacle extends through the seal plate of
the sealed receptacle and into friggered engagement with each other;

a passageway through the seal plate of the sealed plug and a passageway through the seal
plate of the sealed receptacle are open; and

the contact of the sealed plug extends through the passageway of the sealed plug and the
passageway of the sealed receptacle and into engagement with the contact of the

sealed receptacie.
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2. The sealed connector of clanm 1, further comprising an additional bladder within the
expandable bladder.

3. The sealed connector of claim 1, wherein the expandable bladder has at least one of
peripheral ribs and a hip.

4. The sealed connector of claim 2, wherein expandable bladder has a first nib section and a

second nib section, the Brst rib section more flexible than the second rib section.

5. The sealed connector of claim 1, wherein the seal plate comprises a plate, a disc, and
seals.
6. The sealed connector of claun 1, wherein the seal plate comprises tubular member and a

disc positionable about the wbular member.

7. The sealed connector of clanm 1, wherem the seal plate has boles for recetving portions of
the contacts and the trigger assembly therethrough.

8. The sealed connector of claim 7, wherein the sealed plate comprises plate seals
posttioned about the holes.

9. The sealed connector of clatm 1, wherem the bladder assembly further comprises a
bladder sprng.

10.  The sealed connector of claim 1, wheremn the trigger assembly further comprises a base.

11.  The sealed connector of claim 1, wherein the tripger assembly farther comprises a trigger
Spring.
12, The sealed connector of claim 1, wheremn the trigger assembly of at least one of the

sealed plug and the sealed receptacle hurther comprise tines.

13, The sealed connecior of claim 12, wherein the tines comprise a rod with fingers.

14, The sealed connector of claim 1, wherein the tnipger assembly further comprises tabs.
15, The sealed connector of claim 1, wherem the trigger assembly further comprises a
phinger.

16.  The sealed connecior of clamm i, wherem the support bas a bore therethrough to recetve

the trigger assembly.

17.  The sealed connector of claim 1, wherein the contacts comprise fiber optic contacts.
18  The sealed connector of claim 1, wherem the contacts comprise eleciric contacts.
19 The sealed connector of claim 1, wheremn the contacts comprise an msulator, a conductor,

and a seal shaft,
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20, The sealed connector of clatm 1, further comprising a fluid disposed in the sealed
chamber and pressure balanced therein.
21, The sealed connector of claim 1, wheremn the housing 1s 2 modular housing comprising a
tip, a base, and & tube.
22, The sealed connector of claun 1, wherem the support of the sealed plug and the support
of the sealed connector are identical.
23, A sealed connection system for communicatively connecting equipnient positioned i a

harsh environment, the sealed connection svstem comprising:
a sealed plug, comprising:

a sealed plug housing;

a plag support secured i the plug housing, the plug support having a bladder end
extendme mnto the plug housing;

a plug bladder having a support end secured to the bladder end of the phig support and a
seal end having a plug seal plate thereon, the plug seal plate slidably movable in
the plug housmg as the plug bladder extends and retracts;

a plug trigger supported by the plug support m the plug bladder to form a sealed chamber
therebetween, the plug trigger extendable through the bladder and the plug seal
plate; and

plug contacts supported by the support and extendable into the plug bladder; and

a sealed receptacle, comprising:

a sealed receptacle housing matingly recervable m an opeming m the sealed plug housing;

a receptacle support secured i the receptacle housing, the receptacle support having a
bladder end extending mto the receptacle housing;

a receptacle Madder having a support end secwred to the bladder end of the receptacle
support and a seal end baving a receptacle seal plate thereon, the receptacle seal
plate shdably movable in the recepiacle housing as the receptacle bladder extends
and retracts;

a receptacle frigger supported by the receptacle support m the receptacle bladder to form
a seated chamber therebetween, the receptacie trigger extendable through the
receptacle bladder and the receptacle seal plate {o engage with the plug ingger;

and
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receptacle contacts suppotted by the support and extendable wiio the recepiacle bladder;
wheremn, when the receptacle housing and the plug housing are mated together:
the wigger assemblies are in a triggered position extending through the bladders and the
seal plates and mto friggered engagement with each other, and passageways
through the seal plates are open; and
the plug contacts are in an extended position through the passageways and in engagement

with the recepiacle contact.

24, The sealed connection svstem of claim 23, hurther comprising a harness.

25.  The sealed connection svstem of claim 23, finther comprising a conneciion assembly,
26.  The sealed connection system of claim 25, wherein the connection assembly comprises a

connection housing and lock plates.

27, The sealed connection system of clamm 23, further comprising a termination.
28 A method of communicatively connecting equipment positioned in a harsh envivonment,

the method comprising:
conununicatively coupling a sealed plug to a first piece of the equiprient;
communicatively coupling a sealed receptacle to a second piece of the equipment;
commmunicatively coupling the sealed plug io the sealed receptacle by:
advancing the sealed receptacle and the sealed plug together;
fornting a bladder seal between a plug bladder assembly in the sealed plug and a
receptacle bladder assembly in the sealed receptacle;
while mmintaining the bladder seal, opening passageways twough the sealed plug and the
sealed receptacle by extending trigger assemblies of the sealed plug and the sealed
receptacle through the biadder assemblies and mto engagement with each other;
and
advancing contacts of the sealed plug through the passageways and innto engagement with

correspondmg contacts of the sealed receptacle.

29, The method of claim 28, wherein the advancmyg the sealed receptacle comprises recerving

an end of the sealed receptacle mto an end of the sealed phag.
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30, The method of claim 28, wherein the comumnicatively coupling comprises overcoming a
spring force of at least one of the bladder assemblies.

31, The method of claim 28, wherein the communicatively coupling the sealed plug to the
sealed receptacle conprises overconung a spring force of at least one of the tine assemblies.

32, The method of claim 28, wherem the extending the trigger assemblies through the
bladder assemblies and wio engagement with each other comiprises: extending a plug frigger
assembly through the plug bladder and extending a receptacie trigger assembly throngh the
receptacle bladder; and engaging the plug trigger assemblv with the receptacle trigger assembly.
33, The method of claim 32, wherein the opening passageways tiwough the sealed plug and
the sealed receptacle is performed by engaging the plug trigger assembly with the receptacle

trigger assembly such that tines of the trigger assemblies collapse away from the passageways.
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FIG. 45

4500 METHOD OF COMMUNICATIVELY CONNECTING EQUIPMENT

4570 COMMUNICATIVELY COUPLING A SEALED PLUG TO A FIRST
PIECE OF THE EQUIPMENT

4572 COMMUNICATIVELY COUPLING A SEALED RECEPTACLE TO A
SECOND PIECE OF THE EQUIPMENT

4574 COMMUNICATIVELY COUPLING THE SEALED PLUG TO THE SEALED
RECEPTACLE BY:

4574a ADVANCING THE SEALED RECEPTACLE AND THE SEALED
TOGETHER

- RECEIVING AN END OF THE SEALED RECEPTACLE INTO AN END
OF THE SEALED PLUG \J/

4574b FORMING A BLADDER SEAL BETWEEN A PLUG BLADDER
ASSEMBLY IN THE SEALED PLUG AND A RECEPTACLE BLADDER
ASSEMBLY IN THE SEALED RECEPTACLE

- ENGAGING A PLUG SEAL PLATE OF THE PLUG BLADDER WITH A
RECEPTACLE SEAL PLATE OF THE RECEPTACLE BLADDER

v

4574c WHILE MAINTAINING THE BLADDER SEAL, OPENING
PASSAGEWAYS THROUGH THE SEALED PLUG AND THE SEALED
RECEPTACLE BY EXTENDING TRIGGER ASSEMBLIES OF THE SEALED
PLUG AND THE SEALED RECEPTACLE THROUGH THE BLADDER
ASSEMBLIES AND INTO ENGAGEMENT WITH EACH OTHER

- EXTENDING A PLUG T%GGER ASSEMBLY THROUGH THE PLUG
BLADDER AND EXTENDING A RECEPTACLE TRIGGER ASSEMBLY
THROUGH THE RECEPTACLE BLADDER; AND ENGAGING THE

PLUG TRIGGER ASSEMBLY WITH THE RECEPTACLE TRIGGER
ASSEMBLY

- ENGAGING THE PLUG TRIGGER ASSEMBLY WITH THE
RECEPTACLE TRIGGER ASSEMBLY SUCH THAT TINES OF THE
TRIGGER ASSEMBLY CQLLAPSE AWAY FROM THE PASSAGEWAYS

4574d OVERCOMING A SPRING FORCE OF AT LEAST ONE OF
THE BLADDER ASSEMB\T/IES

4574e OVERCOMING A SPRING FORCE OF AT LEAST ONE OF
THE PLUG ASSEMBLIES

\

4576 ADVANCING CONTACTS OF THE SEALED PLUG THROUGH THE
PASSAGEWAYS AND INTO ENGAGEMENT WITH CORRESPONDING
CONTACTS OF THE SEALED RECEPTACLE
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