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Because of the particular sensitivity of fiber optic cables, conventional connectors
20  and fittings are typically labor-intensive, time-consuming, and difficult to install in the field.
However, with the increasing use of optical fiber communication systems, there will be a
corresponding need to install, maintain, and upgrade such systems. The complexity of conventional
connectors and their associated installation procedures can increase the labor costs of maintaining
fiber systems. Accordingly, there exists a need in the art for effective, efficient, and easily installed

25  optical fiber connectors and feed-throughs.
SUMMARY OF THE INVENTION

The connector of the present invention connects at least two fiber optic cables and
includes a center member having two extensions, with each of the extensions being cylindrical and
coaxial. Each of the extensions includes a first engagement means and a first sealing means, with

30  the center member defining a channel axially disposed relative to the extensions.



-2 Afirst connector includes a backshell, with the backshell including a
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BRIEF DESCRIPTIONS OF THE DRAWINGS

The present invention will not be described by way of non-limiting example, with

reference to the attached drawings in which:

20 Fig. 1 is a plan view of a connector in disassembled form, constructed in

accordance with an exemplary embodiment of the present invention;

Fig. 2 is a perspective view of the center member of the connector as shown in Fig.

Fig. 3 is a perspective view of a cable terminator as shown in Fig. 1;

25 Fig. 4 is a sectional view of a backshell shown as part of the cable terminator as

shown in Fig. 3;

Figs. 5a and 5b are cross-sectional views of the connector stem of the cable

terminator, taken along the line 5-5 in Fig. 3;

Fig. 6 is a partially cut-away view of the connector as shown in Fig. 1 in assembled

30 form;



Fig. 7 is a top plan view of an exenplary enbodi nrent of a feed-through
constructed in accordance with the present invention; Fig. 8 is a cut-away
di agr am owa s@sgxenpl ary enbodi ment of the feed-through ofpCcvisdiisessent i on,
taken along the line 3-3 in Fig. 2; 5 Fig. 9Ais a first cut-away diagram
of a connector constructed in accordance with an alternative enbodi nent of
the invention; Fig. 9B is a second cut-away di agram of the connector
constructed in accordance w th an alternate enbodi mrent of the invention;
Fig. 9C is a crosBigSFiehit@nain viéwewl af exthplaglctmbodiatest of miferdi thwngh of t he
connector @ 10 taken along.line 9C9C of Fig. 9A; Fig. 10 is a perspective
vi ew of CoRsteyeedin arRgondanRse @@iﬂ?eal%?sgr%f%‘fen%%?f orming the crinping gpergti ons
described herein; Fig. 11 is a.cl ose: of the die an e. Crj.npi menber s
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shown in Fig. 10. DETAILED DESCRIPTION Fig. 1 is a plan view of a

conngctor in di sapgeslsadibiQuiMwsAusmistL8nidtor 6ERGHaIE @cobidaticeatith
exenpl ary enbodi nent of the present invention. A hernetically sealed 20

connect oralieMajivd eneboiment ¢ffeq invpqptips cabl es 17 and 18, with each of the
cables 17 and 18 containing an optical fiber. The connector 10 conprises a
center nember 30, Fig. 9B isgtsceoa be-avey diaprama Ipgonnerier sonsEuielip 2ecqpirce

term nag 4 Ref er.r i | Hoenfion:t N€ center nmenber 30 includes two
extensigﬁ%a %teénn%%%.Od]lg%n{%ﬁlglexeéln%?’ary enbodi nent, each extension 31 and

32 is cylindrical F%R%’l %gecrcgsg\—?%cgéﬁa@ai%iw%@ﬁle%ﬂtexﬂﬁgem%irﬁgnt%fﬁle98@%&@1] . Each of

t he extensions 31 I nc e an engagenent neans 33 and a seal i ng neans
34. 1An exembarlined0gapeEFenNOAMeans 33 is the male threaded portion di sposed
around the outer surface of each of the extensions 31 and 32. The
engagenent neans B3. ODOpeedpesvariéw ofa cronminy eosniteiyfoepgagemgrite means

provi ded by the fj rsé and second cable term nators 20 and 40 to secure the
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15 Fig. 12 is a perspective view of a crimp as formed by the crimping tool shown in

Fig. 10.
DETAILED DESCRIPTION

Fig. 1 is a plan view of a connector in disassembled form, constructed in
accordance with an exemplary embodiment of the present invention. A hermetically sealed
20 connector 10 joins two fiber optic cables 17 and 18, with each of the cables 17 and 18 containing an
optical fiber. The connector 10 comprises a center member 30, a first cable terminator 20, and a

second cable terminator 40.

Referring to Fig. 2, the center member 30 includes two extensions 31 and 32. In
the exemplary embodiment, each extension 31 and 32 is cylindrical and the two extensions 31 and
95 32 are coaxial. Each of the extensions 31 and 32 include an engagement means 33 and a sealing
means 34. An exemplary engagement means 33 is the male threaded portion disposed around the
outer surface of each of the extensions 31 and 32. The engagement means 33 cooperates with a
complementary engagement means provided by the first and second cable terminators 20 and 40 to

secure the cable terminators 20 and 40 to the center member 30.



and 32. The sealing neans 34 provides a barrier between the center nenber
30 and each of the <cable termnators 20 and 40 to prevent environnental
cont am nawososfosgareent eri ng the connector 10 5 to damage t IrETIESWES0d4v €
optical fibers contained within the first and second optical fiber cables
17 and 18. The center nenber 30 al so ,includes a raised, annul ar shoul der
35. When the cable termnators 20 aid 40 are fully engaged with the center
menber 30, the cable termnators 20 and 40 bear agai nst the shoulder 35 to
provide a snug meghaihfRly SatR hads M Lhd B8ing 8N iR RSk 38xinke: (b S snug
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seal i ng neans
20 onto the cables 17 and 18 and fully assembled. For example, if one cable 17 is twisted or rotated

relative to the other cable 18, the transmission of the light through the connector 10 may be

degraded due to back reflections, losses, etc. with a corresponding loss of signal quality.

The center member 30 defines a channel 38 axially disposed relative to the
extensions 31 and 32. The channel 38 passes entirely along the length of the center member 30, and
25  receives a pair of ferrules 25 provided by each of the cable terminators 20 and 40, and allows light
to pass between the ferrules 25 when the connector 10 is fully assembled. Means 39 for aligning
the ferrules can be provided within the channel 38. An exemplary alignment means 39 is a split-

sleeve 39 as shown in Fig. 2.

Referring to Fig. 3, the first cable terminator 20 includes a backshell 21 that
30  engages one of the extensions 31 or 32 of the center member 30. The backshell 21 includes a
second engagement means 22 in cooperating and complementary relationship with the first

engagement means 33 provided by the extensions 31 and 32. The backshell 21 also includes a



provi ded by the extensions 31 and 32. An exenpl ary second engagenent neans
22 is the female threaded portion 22 (Fig. 4) inside the backshell 21 that
t hr eads owtooostosgsiwal e t hreaded portion on the extensi ons FEI/ws013@&47 An

exenpl ary second sealing neans 23 is the flat portion 23 inside the 5

backshel | 21 that engages the Oring pgpvi ded by the extensions 31 and 32.
The first cable terminator 20 includes a ferrule seat 24, and a ferrule 25
joined to and extending fromthe ferrule seat 24. A cylindrical connector
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t he cent@rmpedsien wah thempeal fiber. and 5b are cross-sectional views of the
connector stem 26 of the cable terminator 20, taken along the line 5-5 in
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how connect ggrrﬁéags g§ &g{étg g‘l”{l' eel%%garrz&r’[lﬁ%%sgggﬂ%ﬁtanﬁ%ﬂ%g} ﬁﬂ‘éld?ﬁgtﬂe ‘(:)ef)l “c cable.
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while Fig. 5b il trates the sane ss-section after _crinping., In Fig.
Sa. ¢ he "G rt Bl etiys G RN LIBREINR Pl Bt dseBr e 26,
with a awokdhispaagehzntshawreatinebebelwe enthinl the &gl $fittinvaiosabl e j acket 50
and a fiber 51 of an optical fiber 30 cable is shown di sposed within the
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pposition relative to the connector stem 26. As shown in Fig. 6, the backshell is shown moved fully

forward into engagement with the center member 30.

Figs. 5a and 5b are cross-sectional views of the connector stem 26 of the cable
terminator 20, taken along the line 5-5 in Fig. 3. Although Figs. 3, 5a, and 5b illustrates cable
25  terminator 20, cable terminator 40 contains the same structure. Figs. 5a and 5b illustrate how
connector 10 effects the hermetic seal around the fiber optic cable. Fig. 5a provides a cross-section
of the connector stem 26 before crimping, while Fig. 5b illustrates the same cross-section after
crimping. In Fig. Sa, the elastomeric sleeve 14 is disposed within the connector stem 26, with a
void space 52 shown therebetween. In addition, an cable jacket 50 and a fiber 51 of an optical fiber
30  cable is shown disposed within the elastomeric sleeve 14 with a void space 52 shown therebetween.

It is to be understood that the void spaces 52 as shown in Fig. 5a are shown in exemplary, but not



are not limted to the configurations shown in Fig. 5a. In Fig. 5b, the
connector stem 26 has been crinped with Daniels tool 150 (Fig. 10) to
renove al Wovasiodsmpaces 52. As discussed in further detail poalweswiisos4Fi g. 10,
Daniels tool 150 is 5 used to place a plurality of crinps 53 into the
connector stem 26. As an alternative to the Daniels tool 150, an | DEALTM
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03/ 195 8 3haspivyadig. \l_?,%apyemblqi form. Cable terminators 20 and 40 are shown assembled onto

center member 30.
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Center member 30 includes a body 1, which in an exemplary embodiment is
machined from stainless steel. The body 1 provides a casing that defines the exterior surface
characteristics of the center member 30, including the threaded portions on the extensions 31 and

25 32, the shoulder 35, and the annular groove that provides a seat for sealing means 23 and 24 (Fig.
3). A suitable sealing means 23 is an O-ring having an inner diameter of 0.260” and a diameter of
0.032”, and being formed from neoprene. Suitable O-rings are commercially available from Apple

Rubber Products, Inc.

The body 1 also defines an interior axial passage that contains a ferrule shell 3,
30  which in an exemplary embodiment is machined from stainless steel. Ferrule shell 3 is
dimensioned according to the diameter of the ferrule 25 used with a given connector 10. Ferule

shell 3 also provides the alignment means 28 described above, and defines an axial interior passage



for slidably receiving the ferrule 25. As descri bed above, a suitable
ferrule alignnment neans, such as a split-sleeve 37 nade fromzirconia, is
provi ded wo iwsspassage defined by the ferrule shell 3. Apcuscakba7
split-sleeve 37 is comercially avail able as part nunber S25AA114 from
Johanson, Inc. The cable term nators %O and 40, in the exenplary enbodi nent
shown in Fig. 6, are 5 each engaged to respective extensions of the center
menber 30. The ferrule 25 is bonded to and extends fromthe ferrul e seat
24. A st 1adabi@ rdcefvingl e RRuldBY. REdLEIRE hbkk akults etz IcGQMRent Acars Wubabl €
ferrule seat 24 can be machined from stainless steel. An alignnent neans,
such as*sgisplitageeve dlmadrofEon pigrenieHe progided indhaspagiage defingd by g shgll 3. A

conpl e al.j Mg c¥oTa) - TalcTa fel ferrule
seat 221@{%%& ipl%hlf%gq\?\%%her %%Hyisdggl%rbgeasgge%nat t%g5r a@%ﬂg?ﬁtéﬁ%%?%?ﬁhl e seat

24, captured as B rryl Q@g& NS t om of
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waser arelyertgagadde tespestive addngomsnt Wedenasthenlsr 2. Eredferrdaf® isdioadedyo argvai | abl e
fromAllie Vi C nd Qus, .ot.he endars. The rved washer 15
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26. A rsitablefenglerseai@4 Car s dchmedl®om atainldss §téed. haakgndfent Mene aidtenhar2sst em 26

to restrgu he re rvYard %lgav | of the Qackshel . 21. A suitable retaining
ring i S*OAHEIBIhe iPyageet 14 AIdFIEIEsH APTR ey plismienimesns. suih AsB_r  DAZ3. The
backshelpkriuré el bhenckpwiié &dt r  sti ppled as necessary to facilitate

mani pul ati on by hand. An additional sealing neans, such as Oring 16, is

di sposed bet ween Ragked@hdherdd is FOAIEONRRUON ofShEIEI6 séa@ZQrcgﬁfﬁa‘r@@i as
environmental contam nants fromentering connector 10 by 20 capillary

act i on APBRECEHER fegmlesealat 2wl thingide boflomeotdhe baskshalb2]. Acormemeivaitey
aval | abhiaber APRIEIBHAD G B, AGNE Soa. bReIDURTRY Al G TS| ARRiAGT O i ng
16 are an i nner dianeter of 0.150" and a dianeter of 0.051 ", and’the

O ri ng aveilabimnirére Afledistices and eupereweotir ytmwlowse Thd cwtedebasbirdfegsirginptiter i al |
such as FZELT | nt,.lnc. of  WIim n, DE -is._di ed
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ont B t hike BickeV the tdnrcaoseanl@iotrbstrail thereawhdl tralBFef Ble Bitliskell 11s tAeghitalde an

exenplary. materi.al suitable f orm.ng.the sl eeve 14. r

o1 ast oE bR S P Sl PR R st at QT i A AR e e s i s
sui t abla dafbe kiigles beaippled 4s neSReEY {d Bdlitale, maadylBbaty Rgri c material is
suitable that mintains a crinped position for |long periods of tine

(months or year s) Aihddi@iih] stA1RWINRENQEucHBY O REg 16/is tifsSosEbtwdn GhéleRISI1€eve 8
engages the connector stem 26, as described below, to secure the fiber 30

cabl e 1Prdgpnnpgior siem &g tRsespienpEsEnse el sty fromyentgBe spEeetar Kb t hi n

conpectQrindl doforlBSr doRRior BEH 9% A ThEbEld-BRg 36 Fs%ﬁnérc?aﬂ? b IBbRlRRE OMeri ¢
sl eeve 14 sérve to capture the fiber optic cable wthin the connector

af t er tAwpje BrldecPriogyséssi Inicn Eenpilag dimeThiensdbu@triogd b it a5 iweydanderf g Ois0
hermet | a?ld\é\gia%eq %?é”.&é‘l”?&iﬁ’ tﬁé@—%g Q@ é}aZl be formed of neoprene

A sleeve 14 of elastomeric material, such as TEFZEL™ sold by DuPont, Inc. of

Wilmington, DE, is disposed within the connector stem 26, with the connector stem being crimped
25  onto the sleeve 14 to secure the sleeve 14. TEFZEL™ is listed as an exemplary material suitable
for forming the sleeve 14. However, any elastomeric material having low creep and low cold-flow
characteristics is suitable for the sleeve 14. Specifically, any elastomeric material is suitable that
maintains a crimped position for long periods of time (months or years) without flowing or moving
on its own. A crimp sleeve 8 engages the connector stem 26, as described below, to secure the fiber
30  cable 17 or 18. An exemplary process for securing the sleeve 14 within connector 10 is described
below. The crimp sleeve 8 and the elastomeric sleeve 14 serve to capture the fiber optic cable

within the connector after they are crimped into place. The elastomeric sleeve 14 forms a hermetic



-8 seal around the sheath of the fiber optic cable 17 or 18 to prevent

| i qui ds, gases, or other environnental contam nants fromentering the
connect or wal @ngsiilne fi ber optic cable 17 or 18. After thecowswsiar 10 is
assenbl ed by crinping the crinp sleeve 8 to the connector stem 26, heat
shrink tubing 11 can be applied aroundg the crinp sleeve 8 to provide an 5
additional barrier to environnental contam nation. In nost applications,
the heat shrink tubing 11 is not absolutely necessary; however, it may

pr ovi des@aharexidrthe shess of the Gberiptit @btei 1Grr | Hmtprevayt lbpidsdmsdsy @btber i N certai n

applications. A suitable heat shrink tubing.11 is.formed fr stic and
has an CHURELFRY CPRATIGRTS Oﬂegteflﬂ%ﬁgaé‘?nn?ﬁ 1%?#’%@6{ ﬁ%qfcr? blﬂmﬁﬁogsi des an
additional strain relief nenber b | ping to ss.any axial or tensile
| oads on the fi ber*§pF corpagpred 1&%3&%@9"’3’?@&@3&?‘”{@%{ﬁeé{e§%’tg8nnect or 10,
t her eby .ff,.eM6MkdnN 86, 1hBE shiGhii€s DRfah 6abpplib®Bbudd tBeRBRRAEIEHY 8Sdsbvidoads. | n
addition, heat shrink tubing 11, when shrunk onto the fiber optic_cables

17 ahd 38litinekiasnias ieenvigrnem] gpntaigation By mos pprlicationp) eshestAhERYBE b oxi mat e
the conngat Mooty R RYWERIS, it RSy 1%15@35 arPBrh eGSR §rdidctidR thadBay b OM bei ng
bent to too tight” a radius of curvature. In an exenplary enbodi nent, heat
shri nk tesbibigin ceitainapplichiiain dsyitdtechea shemi ubing 1 & sdfprareddromsplastis ard e ip i ent

to nmeet the ranet ers _.set t ) . . Sui - i iong 11
1o reaae b LR & Frdf ard bk ARmEd: bRl AR B RRkn T by

enbodi maetping Opes anty akiabjor tdysile hedsachniibec afgiceables 1 andtl8 dird@lyitsthei dentical to

the first cabl erm nat or. 2Q0. _Accordi ng. t he above. descripti.on telatin
o the. FITEROT Dabriy BEVIIAE O TBETRr SL LT E S s d BB ™ ' "
term natsmnléﬁbm%mq whkd $hrifdonfehd B aftectablbayi g 18 atsiftociriatabottke fibe vari ous
conponents of the connector 10, an exenplary 20 t hod. of term nil%i ng
fiber oppliceablspl tandilP rapidmaty thjcpmnegior W Aubigrent thafiienerticcahles L /e84 1 8d to t he
fiber O%E%eﬁ%meﬁtsto b6 t%ﬁfja h&ubt durVaRye. e alfﬂ@}&%fpilat?ﬁ@nbddﬁm&iﬁﬁféat%ﬂtﬁﬂlﬂﬁbihglbi ng

11 is to be used, place a precut length of such heat shrink tubing 11 over
t he cablléhasphigknesgandaiehbiity eharactetigsics faligiens iemaet thspaegcieripeblgith 890VEhe way
temorard Ly, ;P ri : b aeFvaRbisC cable 17 or 18,
angﬁgl sgulst I ga{@ﬁﬁ%&?ﬁ% lg%rﬁéﬁ?%@%lrgbl%ﬁgin%%% out gf tﬁe way tenporarily.
Strip the plasticoyter i - - t Rond Qbie tdMBinkioP8d isopti C
cable 17 or 18 tol%%ﬁg)s(eerhpgg ?&lgﬁ%?ggﬁgoﬁéﬁ%ﬁﬁ’eméer%_n.gtEemn%ero i.sls _

t ypi cal ligentidatle thé firskEaWleAlRTihator 281 Addoadingly; tladdbevedederfption wlpgingtorthe fizst . Stri p

the strength menp from.t Le t | ASt G i heat h
Sur  oundP G CERABRt 1L e LA Dt SRoRRr oL ARG " ar et B By RS Drodiic

i nner sheath. Gathering t trengt h. nenber i o) hand ri he | nner
sheath to 30 provi é’mﬁg'@td%%b%i(’%@?3?’“‘?480%%)8?‘%? Ofl%ﬁeoqo ?C(’t)%%b’haél%é%{l@? cabl e

j acket . dieant amina@s fHeeofticRaltld an@ps ivaBk chinbedr 10sicngetRally peledwaked in
i sopropyl al cohal. This concludes the fiber cable preparation and the
fiber cabFeopiis c#eh I eadyS vk selei ¢ i nto the connector 10.

If heat shrink tubing 11 is to be used, place a precut length of such heat shrink

tubing 11 over the cable 17 or 18, and slid it up the cable 17 or 18 and out of the way temporarily.
Place a crimp sleeve 8 over the fiber optic cable 17 or 18, and also slide it up the cable 17 or 18 and

25  out of the way temporarily. Strip the plastic outer jacket or sheath (about 2.5”) of the fiber optic
cable 17 or 18 to expose a strength member. The strength member is typically made of
KEVLAR™ or similar durable and fibrous material. Strip the strength member away from the
cable to expose a plastic inner sheath surrounding an optical fiber disposed within and protected by
the plastic inner sheath. Gathering the strength member in one hand, strip the inner sheath to

30 provide a 900 pm buffer to a point 1.0” from the outer cable jacket. Clean any residue from the
optical fiber using a wipe soaked in isopropyl alcohol. This concludes the fiber cable preparation

and the fiber cable is now ready for insertion into the connector 10.



WO 03/ 058314 PCT/ USO1/ 50647 -9 Provide a connector 10 constructed
according to the invention and having a connector stem 26 adapted for

recei vi ngwiahis/osstaer optic cable 17 or 18. Insert the el astramevsoe/sedseeve 14
into the connector stem 26. As di scussed above, the el astoneric sleeve 14
can be fornmed from TEFZELTM or other suitable elastonmeric materials.
Dry-fit the fiber into the ferrule seat” 24 to be 5 sure the ferrule seat 24
wi |l accommodate the fiber, adjusting the fiber as necessary to ensure a

proper fit. Trim be@ld@h'&@rﬁﬁétbr 1EdsRgFucl K EMeAIREND tHeQnRRREPaMBYigL Y 0. 3" above
the outer sheath. After the fiber fits correctly within the ferrule seat

24, mi xCANEPSER 2 adprsethior ereizing die flherentigicrhie %7o<>r I8hnser gerelpetomsrisslprvovi ded
by the epaxymbeMiaGihels. A cﬁé&h§s@tph%v99k@%¥asfo eri @1&%‘3’14%&1{'}? for']rﬁe%q?m I'nj ect

t he epox% into the connector stem 26, preferably using a | ong
di spensiTREZE¥dr etherlstitsbisdpstondris nepéedlse Dyt the fih¢rantp e fomule emtt ?f totbhe

conngect 0 ect r stem Xy until a
ok LA A Ll SRIRBE Bl SRR ks ORI
connect popatia. rrTﬁxﬁ the srakztle haemhere(mﬁvamly) b elsprﬁtuﬁaﬁelym tdbeveckt anteraheatlir f aces

of the tem er. 51 into the back of the
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t he out ge 1rjs&ﬁckﬁhs gbvitidiebychbéxt haifacker. A agigblt Beox§ iy BAConWA-FIigsd5
strength nmenber (KEVLARTM over the end of the connector stem 26, with the

connect BYCCE 8 ARoxy intp e SPRGeiBRtHe 4% Preferally neings 20 srdrbdensiwersng iesfier sheat h
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el astoneric sleeve 14 using the customdie cavity on the Daniels crinp

tool . TPAOZY prilgemel pengianrratsise Parndef Beturledst Re nel aystidhibe temeti@etive 24
wi thin 51121%1&9%59 §1HSE c(?]ﬁthe%eﬁ{a o%ﬁgc&%@&%stte%Zétem 26 onto the

el astoneric riving t €l Ast oner | ¢ eéve 14 against the

i nner sheat h Of t ﬂl@@l’; 11.11? %Ber%ﬁ’tnlﬂ:g Ih%%gékeofjtge c%{me%%r ?tﬁé 2 Htc Irthe ? ack oP the Lurther

detail below, thrs "¢ %s8al bet ween
t he conereotaer seElf2bs @anhsitthceouternamketcﬁ Itt&aaﬂsle o1 oit 1se Pﬂacbere sopids of thabl e 17 or

18. After 1 )Y . ing.operation, sli t cri sl ee

2ol s R R Re gl i Bl 8t SR St eBr Lot B SbueBariit L5 ne

st rengt jsassregrb@me@m&\éluéﬁg[mneﬂmx%& @le idfor Qﬁitﬂ@lﬁfbuhhhﬁg eRePa&] abers Camp2ke and
the cri sleeve 8. Le ve about 0.1" between the top of the_crinp sleeve 8

and t he®CREH s 29onfafae %lﬁﬁo%?nctsﬁévecgﬁﬁ@éﬁlﬁfrcu%’@rﬂ‘%v{%% the Dapigls cgmp he

ferrul etoseathisdtst crifdpin %Tép&r@ﬁ‘or%édm 164 QRYEnSBic YBERI 43vifhinl @8 coldEdoG@il 3¢y on the
Daniels crinp tool, reby securing the fibrous strength menber of the

cabl e 1% @Hmporg %@f%@@cﬁorﬁﬁ@ ¥ miphs Plegoeer® siaser Hvndgrising dhesilaptomeriaped

CONAPC! ey Y2 Mh: 1d s sﬁsﬁ@mh&msmgmaaggﬁ B M IRENRRY ﬁﬂgwerld%ﬁls t he
connector 10, rough connector stem 26, to t e ca or

pr event ’sel%yhls flrsa¢rnnmlpm¢neea(ﬂloaiquab b Wieraletinggal Heewees &isl cenfecnstpul2b iamdytht he cabl e
17 or 1§mér sﬁéytﬁ &?he%@pgpq}c%gblé‘ 9’7 or 18,

After the above first crimping operation, slide the crimp sleeve 8 along the cable 17

or 18 and over the connector stem 26 to capture the strength member (KEVLAR™) material

25 between the connector stem 26 and the crimp sleeve 8. Leave about 0.1” between the top of the
crimp sleeve § and the shoulder at the end of the connector stem 26 that joins to the ferrule seat 24.
Crimp the crimp sleeve 8 using a 0.128” hex cavity on the Daniels crimp tool, thereby securing the
fibrous strength member of the cable 17 or 18 between the crimp sleeve 8 and the previously-
crimped connector stem 26. This second crimping operation mechanically joins the connector 10,

30  through connector stem 26, to the cable 17 or 18, and prevents any strain applied axially along the
cable from pulling the cable 17 or 18 from the connector 10.

Cure the epoxy per manufacturer instructions, and polish the assembled connector

10 as desired or required. If heat shrink tubing 11 is used, slide it along the cable 17 or 18 and over



Cure the epoxy per manufacturer instructions, and polish the assenbl ed
connector 10 as desired or required. If heat shrink tubing 11 is used,
slide it wloosgsshe cable 17 or 18 and over WO 03/ 058314 P@UIUSMIASEQA647 - 10
the crinp sleeve 8 to cover the 0.1" gap between the top of the crinp

sl eeve 8 and the shoul der of the conqﬁctor stem 26. Exercise caution while
heat - shrinking the tubing 11, becausé the heat required to shrink the
tubing 11 may nelt the outer jacket of the cable 17 or 18 if the heat is

over- CHOBGERADLRERK thBoRAe BI1€Bap BetlEbn Ik B 6MBE &inkp Q6RO WiAB M s&fuldehsr Met hod
of the invention, void space is left between the connector stem 16 and the

el ast on®P persieieyem 36 Berdesattive vl beat-ehrinrierle whiag alibesugssthe bRk cr i bed
above. bhGredied Sl tﬁe{}?bii{l%:{e}%ia}ﬁh@lm%%ﬁtepjfafﬁepgftﬁ%%@%;lﬁ%‘f 1816410 1%@;{1’%@41@1 lve to

t he outer i anet er el'astoneri ¢ sl eeve , size O e outer
di amet evongdntriated itf grisareacabl e 17 or 18 relative to the inner dianeter of the
el astoneric sleeve 14 is chosen such that when the connector 10 stem 26 is
crinmped, all of thesexugildysphodmesirod tiginggihogiod thewnvehtidnheoié kst BEt i C

nd the fiber optic

material .14 her eb effecti e herneti | .ar
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el astoneri c sleeve 14 shoul d he chosepn such that the crinp nd any
resul t ?ﬁ@n_ersfr STRATGE SEne omect o ve P %?rgfﬁ?rgré]@g fgex A3blartd o 4 pace
cor r espRvOH thOinhiRtishtey of HBIaQbméMesI¢ed th 5 RRGESsuch fhat WEenR doRBecR: t he
crinp does not displace the entire volune of the void spaces, then void

spatie vt 26 Evfairipedad ohtetereidpess avdisplacad withibe dastoyari maigiohid diverbiit i sk
t hat noefﬁ:%{il?{h!: GerRRRd sl Aré)unﬁ%effﬁfeﬂglgic c%@\@&s@l y, if the volunme of the

crinp does splaces nore than the entire volune of the void spaces, then

the el astorteric mhetdahe S 2 688G A0opARbLY 1iAORLNT ncloilc 11 bt cabl e

17 or 18, with the attendant ris ptica y be fracfured.
20 Howetheponnadtomstent A and tre plsitomericoilecvh et shablidde thoser sutiBthat thecriropsred gy st em

26, and > el astomer | sl eeve .14 are determined for _a given i cation,
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by usi ngplitheofapparidipasesaiitharedliindofafe dring daeyadtidispace Bekwie adlinge bxhef f ect a

hernmetic .seal reliab and. repeatably. is a significant.agvantage over
Convent T SRe PR SPC P REAAE I, dr e San et ey O FUe e aRrTaresb es,
especi afhhhowdgnetic RES SICRNSRREd @daVersBBY, [TARSyILGELbMIR crid® dROEiRIadet MBret UNI NG
and adjustnent in the field. Additionally, a crinping tool such as the
Dani el sthtthGp c&iefpiums obhe voiq spagespihey te glsptamenimatgaad may b giged 9 HghY or m

radi al DLeSSUL Bod QaliDer dri1BEKiORE htenBAR S ASt thSorfichITRe: hiAPLLERABLL Or stem
The application of uniformand equal pressure i's inportant because unequal

pr e¥s urBevessplfterdhe ¢urensings of therpibingl raayl 8sthe eanseditretem I9epnd thaelsstongetivi cr obends
or pos Sél@vé( 11& Eé%gtgﬁﬁﬁedq{)r d Q@enf A.pBﬂJation, a hermetic seal can be repeatedly and reproducibly

executed in the field by using the apparatus and method of the invention. Being able to effect a

hermetic seal reliably and repeatably is a significant advantage over conventional methods of

terminating and connecting fiber optic cables, especially when those conventional methods require

25  manual fine-tuning and adjustment in the field.

Additionally, a crimping tool such as the Daniels tool shown in Fig. 1 ispreferable
because it applies uniform radial pressure to the fiber optic cable as is crimps the connector stem.
The application of uniform and equal pressure is important because unequal pressures applied
during crimping may stress the fiber, causing microbends or possibly fractures of the fiber.
30  Microbends decrease the transmissivity of the cable and cause signal losses, and fractures lead to

total cable failure.



30 M crobends decrease the transmssivity of the cable and cause signal

| osses, and fractures lead to total cable failure. WO 03/058314

PCT/ USO1/ @ceBss3141 Fig. 7 is a top plan view of an exenplrrmyussmsedy nent of
a feed-through 70 constructed in accordance with the present invention,
while Fig. 8 is a cut-away diagram of_“;_e feed-through 70 of the

i nvention, taken along the line 88 inFig. 7. As shown in Figs. 7 and 8,
the feed-through 70 hernetically seals onto a fiber optic cable 78. This
feed-through 70 fiFigs7 & aagpplirceiéw oferesp@eldl dnboli@feniFebdagniohg, fo ber optic
cabl e 78COt royegh a V\%H or..other barrier (not_ shown), while also securing
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means, such an Oring_74, is disposed within the annular groove 73 to
seal thé’afsf%?fgr@“ PIGEPRSY 17 quid, gasses, or other environnental

contam nants. In an exenplary enbodinment, Oring 72 is manufactured from
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conpl eted feed-through 70. The el astoneric sleeve ormed from
mat er i a|0.6ﬁgvz?qﬁ1@ digreete 9fR.098”. A first strain relief boot (not shown) engages the fiber optic cable

78 and engages a first one of the extensions 75 or 76 to hold the cable 78 in place. Likewise, a

second strain relief boot (not shown) engages the fiber optic cable 78 and engages a second one of

the extensions 75 or 76 as further reinforcement and cable strain relief against any cable movement

25 relative to the feed-through 70.

The feed-through 70 can be machined from a single block of stainless steel stock.
Alternatively, the several features of the feed-through 70, including the extensions 75 and 76, and
the flange 72 can be machined separately and then welded or otherwise joined together to form the
completed feed-through 70. The elastomeric sleeve 77 is formed from material having the same
30 low creep and cold-flow characteristics as described above relating to the elastomeric sleeve 14
shown in Fig. 6. As discussed above, TEFZEL™ ag commercially available from DuPont is

suitable for use as the elastomeric sleeve 77.



30 low creep and col d-flow characteristics as described above relating to
the el astoneric sleeve 14 shown in Fig. 6. As discussed above, TEFZELTM as
conmmer ci aMoyosasdikabl e from DuPont is suitable for use asdiesoelsestoneric
sl eeve 77. WD 03/058314 PCT/ US01/ 50647 -12 Having described the several
conponents of the feed-through 70, an gxenplary nethod of installing the
hernetically seal ed feed-through 70 onto a fiber optic cable 78 will now be
described. Place a first strain relief boot onto the fiber optic cable 78,
and slide it al ong{avﬁtg destipibed th7 Sevanblcompondis dffie: faeythtRBP00,ak biehpldy OVi de a
ntion as described

feed-thro nst.r cor di to t 5 inv
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characteristics are suitab rmng the ast oner eeve 77. |Insert
the fi beFteBpesds éﬁfb?fewmﬂlemxtqntlensﬂﬁ@ne%@qumm ctaamaubtbroﬁgh behektendus & t hat a

suffici eng 76 A, Qas g@hg dlzsrg 175 h%ﬁ etHQé ?ah r1¥tf scr ged atcngze% ttg\?léo#%ngb ai nst

Crinp the extensions
the fi b@mowpitabwe(:HEﬂZ@L?‘B or d)thereeﬂas‘emm)tlnauelyalmmmowbhep end lensol@Bw/S and 76

are cri e on. nd. 76. Rotatethe

f eed- th?gﬁgﬁér% R ALY 206 7 lggnggﬁﬁelmgo%ﬁrtcﬁ%eY%&Sﬂ alﬁﬁteh?%gﬂ’ % again
twi de omtememaemmemtubm%ncamurz@hat Els@ﬁm@%%ﬂi@ih&if)éaﬂl@?%@xte@iﬂgrﬂ%&ﬂ thde

ext ensi ne% a}bn% 76 drives the elastoneric sleeve 77 into snug engagenent
with th iBapeidl i cable 78. This snug engagement pronotes two

obj ectives. First the cable 78 is restrained from noving relative to the
feed-through 70. S3EBHES Stesions Tt 99178 teepgsshpeleerersicaloney Heghiesidwal and

r edundamibepat eld B0 [RGRERE I AhES 1R RN I T8 TR re € ntering
t he feed-through 70. 20 V\hgltrpe%t he feed -et( rougs ?srﬁsergﬁead%ﬁggégétc rough
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out skde t S 4N the chanber
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are cri weepions 7§ eral Tosives the tlagomericrsleced 77ahtolsoqs engagsment wiich thaﬁb@ offtc and

canr o 780 8 el B} eRferyr PRt b Bl ac P e a SRR, (o
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the feed-th inrelief boot thus helps to mnimze

70. The
o al el ed i a bt B By Prrun o GE s PR h O Se AR Bor L1,

For zaddIWHeﬁﬂﬁd: feed-@ir6\fp@170 QUREL to pabsitalBudh (BERANEK SlatRdsPhdrEbiflhePBR e A0 t he
opposi t e gnd of the cable 78, that is, the
eed-through 70 prevents outside contaminants from entering and possibly contaminating the

chamber by leakage along the fiber optic cable 78.

After the extensions 75 and 76 are crimped, slide the first strain relief boot down

the cable 78 and engage it to a first one of the extensions 75 or 76 and to the fiber optic cable 78.
25 The strain relief boot couples the cable 78 firmly to the feed-through 70, and directs any tensile

strain borne by the cable 78 to the feed-through 70. The strain relief boot thus helps to minimize

any axial or tensile strain borne by the relatively fragile optical fiber 51. For additional

reinforcement, slide a second strain relief boot along the opposite end of the cable 78, that is, the

end that was inserted initially through the feed-through 70. Engage the second strain relief boot
30  onto the fiber optic cable 78.

The above discussion pertaining to void spaces as related to crimping the cormector
10 (Fig. 5) applies equally to crimping the feed-through 70. Specifically, the diameters of the feed-

through extensions 75 and 76, the fiber cable 78, and the elastomeric sleeve 77 are proportioned



end that was inserted initially through the feed-through 70. Engage the
second strain relief boot 30 onto the fiber optic cable 78. The above

di scussi owQpBrossdlmi ng to void spaces as related to crinpi rREwise1B8e@nect or
10 (Fig. 5) applies equally to crinping the feed-through 70. Specifically,
the dianmeters of the feed- through extefnsions 75 and 76, the fiber cable
78, and the el astoneric sleeve 77 are proportioned WO 03/058314

PCT/ US01/ 50647 - 13 such that when the extensions 75 and 76 are crinped,
all voi d8®ba@éwh@éhmsiphm§@wdﬁpmmnmsd al EOiddli)&Epi @@E@n\bhdshodnh}:@nents are
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of the invention. E% ﬁ a cross sectional view of connector 90 taken
al ong | i ne 9C 9C of'8E’§. anéﬂ G I-RUR AT HPS Y6 careeRbACIFySfeddn 94, 9B and

9C enpl oyzordatcdsih uh EdnRNE 3ABSEALN: bAthB 8fvedRanFihec (S SadactieRadgement as
di scussed concerning connector 10. In other respects, the connector 90 is
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face of a first 15 c term 91 or alon W th correspondi ng and
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al i gnrrent means 93 in place. Sealing neans 94 are formed from el astoneric

mat er i al Fi8alqthe é%&nmesbl?%@é > Bghrealteapmsntiins Srisndng fior agmtipg fase alahst

envi [ONNE@BtAbmRAR: STLARN LB WAL GRSl gaﬁch&mp@éﬂ{yﬂ%?} HnuBPs1bQ dRRGE, t he
ferrules or the other internal conponents of the connector 90. 20 Alignnent

means 37mfng fes|of the wthsoeble termitpjor 1 oup2. dsitasningelins 9 nen rreaegdediibheld themy be
an Ori S ary
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above. Cotwisotdie @0ninges 9[1 Iaed %mrmmtmpwrtgmbﬂaRmntqmdmnﬂé@ménlnseﬂg dove in
connecti on 0 ect nd the fiber optic
cabl e. onnéMtOigO E (%mage % f %‘Flpg‘[er lg§ﬂlag %‘?ﬁ/‘%g}ﬁ PR ?Q 150 used

for 1othe A:]IignmnngeanQ 57 apaelatii mﬁlod b$ e kaiser r&hﬁmg mehSs, Fhieihaly Be Q-rm@;@ﬁ the
crlnplng t and a selectlvely repl aceabl e

cl.ud tmo handl es
die 151.° usgrﬁfs TPF:R? %85 940 sefyraath S@cqéify.hﬁ@reua &2l a5 QrFigg Pe (Pappe
manufactured from VITON as discussed above. Connector 90 uses the same crimping technique

described above in connection with Fig. 5 to effect a hermetic seal around the fiber optic cable.

Figs. 10, 11, and 12 illustrate an exemplary crimping tool 150 used for the crimping

25  operations disclosed above. As shown in Fig. 10, the crimping tool 150 includes two handles 152,
and a selectively replaceable die 151. As shown in Fig. 11, the die 151 includes a plurality of
crimping members 153, which are disposed radially relative to the die 151. When the handles 152
are urged together, the crimping members 153 are urged uniformly and radially toward the center of
the die 151, thereby effecting the crimp as shown in Fig. 12. Different dies 151 can be selected and

30  installed into crimping tool 150 depending on the desired crimp depth, as discussed above. A
suitable crimp tool 150 is known in the industry as a Daniels-type crimp tool and is commercially
available. Because the crimp tool 150 is an off-the-shelf item, the details of its internal

construction and operation are not described herein.



crinping nmenbers 153, which are disposed radially relative to the die 151.
When the handl es 152 are urged together, the crinping nenbers 153 are
urged uni Woreslogsaamd radially toward the center of the di ecialSoisareby
effecting the crinp as showmn in Fig. 12. Different dies 151 can be sel ected
and 30 installed into crinping tool 15¢ depending on the desired crinp
depth, as discussed above. A suitable crinp tool 150 is known in the
industry as a Daniels-type crinp tool and is comrercially available.
Because the crinmp tool 150 is an off-the-shelf item the details of its
internal construction and operation are not described herein. WO 03/058314
PCT/ USO1WE@GAB CLAIMEDNHAT |S CLAIMED: 1 1. A hernetically seal ed connector
for joining at least two fiber optic cables, 2 each of said cables

i ncluding an optichl fi zbécmnedmirlprstaéédmgnne:etoafom goitieg atrteasbisvo ffravoptg chbles,
exteg§|q£§%0£mﬁcd9m”n8 & extgngl ns belng cylindrical 4 and coaxial, each
of sdid éxtendi‘dhs™y nel 3¥1b15 1 ¥§$°%ﬁ@'5§nent neans and a first sealing
mean 5 said center a .chann ose elatlve
to s :‘{’l d extensi ons® cegteémﬁ‘ﬁ%rtha‘@%ﬁ‘éce?‘& Sl??f‘c'faﬁﬁ f’% ! e%ﬁ&%’l&% %g cydy “cﬁal
backsihel dndicosdidl,Hatlgofaais egertbng i NAGGRITR ftlengiganit hida QNP b €& BdaBihy means,
relationsgjp with said first engagement neans of a. first one 8 of sai d

ext ensi oft Ce’étﬁﬁm%fnléﬁéé%fﬁ’dflgsae%?rf?ga%]é’rfjéSpP??déﬂﬁﬁF it SSPsioBT at i onship with
sai d flrst sealing .9 nmeans of said first one sai d_extensions, said
first® connector i riciisicfionRpeter fshudinge bagsgbellid baack%‘F’]Il fckiding@ SF%’inﬁed to said
ferryl e & @éemel%afhéimf i‘n%ﬁ&pl‘éf?l@ﬁ'c%&&ﬁhdn@lﬁb Weth 8da ﬁrs@é’ﬂg'ag%{éngﬁteang bk MRrsBafeket
joined to sald 11 ferrule seat, said crinp socket defining an axial channel
for seceifpiifgxiansiqng.gnd f sesend @plmgcm@abmecom@bmemarx peldtionphib @flth ead fivkeserlieng a
bor e ypl aid
por o > 13777 P AleChrhe W &id R TN AN Btk Bl Bkt p DA 82, e
and l@l ac:]pmgd wakd frede uhte saldlﬁxsmqnnaltor hﬂ;llrdmgrmmhmhtcalmmnm sbbke's mrﬁtdfto

optig term.n

connict o tgrss el ey W3 e T RTARF fdecet it « BBLb T SRR e oo
conpri sifagult et Séfﬁlii@ aoie pﬁacﬁﬂgas@idffg‘nﬂe fur doffpuBlcRoneyitveald el thahhd)eshiddptd C
cable; 4 strlgﬁ q]an Qut er ron1sa|gicab eto expose an |nner

j ack®t ;: foBregst Pige HioR rsaljdg é@erfqpewé d plaping said fegpfsdr &P opt i cal

fiber; Qoﬂ{nﬁl\{ﬁc@ﬁ@gmﬁ]gégrfﬁg%géalk@&I ng a connector sleeve adapted for
receiving said fiber 7 optic cable; 8 inserting a tube into said connector

sleeve; 9 injecting epOxkiiodbtefAihalingAHIECIAE cSHIERMEA connector hermetically

2 sealed to said fiber optic cable, said method comprising the steps of:

3 placing a crimp sleeve over said fiber optic cable;

4 stripping an outer jacket from said cable to expose an inner jacket;

5 stripping an inner jacket from said cable to expose an optical fiber;

6 providing a connector having a connector sleeve adapted for receiving said fiber

7  optic cable;

8 inserting a tube into said connector sleeve;
9 injecting epoxy into said connector sleeve;
10 crimping said connector sleeve onto said tube;
11 crimping said crimp sleeve onto said connector sleeve.
1 3. A feed-through for hermetically sealing onto a fiber optic cable, said feed-

2 through comprising:



10 crinping said connector sleeve onto said tube; 11 crinping said crinp

sl eeve onto said connector sleeve. 1 3. A feed-through for hernetically
seal i ng owon3asgitber optic cable, said feed- 2 through corpam/BI0mgo64NO

03/ 058314 PCT/ US01/ 50647 -15 3 a feed-through tube having two cylindrical
and coaxi al extensions and defining ajs4 channel coaxially with said
extensions for receiving said fiber optic cable; 5 a sleeve positioned

wi thin said channel and around said fiber optic cable; 6 an annul ar flange
di spdsed per pendi cafeed-ihgough tuba havimgiesiiohiss] asdcahxfal entgsiodedidnlefigng 7 an
annul,ar . n i.n i sposed . ai d.annul ar groove; 9 a first
straﬁn f%%?%%ﬁ%gggpgﬁgga?%%Igggﬁg¥$:%Wn 5??§a%§BW€m§ﬁd engaging a first one
of 0 said extensjions; _and 1 .second strajn relief_ boot engaging said
fibe% optic cable23%3V%ﬁﬁ@ﬁ?%gwgﬂgg%gﬂﬁmn%ﬁm%ﬂgﬂgﬁmggwﬁxgyf8 g?ons. 1 4. A
met had of installing a.hernetically seale eed-t hrough ontg a fjher optic
2 ca%le, conprisi&'%gﬂﬂﬁ%EP%b “Bﬁﬁéwﬁfﬂ%ﬁﬂﬁkgof?ag?“?PF%FWd ?$%kgﬁ8%t ont o
sai d 7f i hennmorigtoovaiheé; 4 provi ding a feed-through having two extensions,
sai d extensions defining a channel 5 therethrough; 6 inserting a tube into
sai dschannel ; 7 i neeytih@dissoaédinkdi@inu®Pbisevgabl e into said tube; 8 crinping
sai d extensions to engage said tube against said fiber optic cables; 9
engagi ng said fi rsatfirSttshﬁiinmelfe@Béc@EnQ%ﬁgs 1@ fiBerfobtiStabRNBd B pasidh d e bEN Ons
and to said 10 fiber optic cable; 11 placing a second strain relief boot
ont dVsaisgdrErEeiosH e cabl e; 12 engagi ng said second strain relief boot to

a second one of said extension and to said 13 fiber optic cable.
11 a second strain relief boot engaging said fiber optic cable and engaging a second

12 one of said extensions.

1 4, A method of installing a hermetically sealed feed-through onto a fiber optic

2 cable, comprising said steps of:
3 placing a first strain relief boot onto said fiber optic cable;

4 providing a feed-through having two extensions, said extensions defining a channel

5  therethrough;

6 mserting a tube into said channel;

7 inserting said fiber optic cable into said tube;

8 crimping said extensions to engage said tube against said fiber optic cables;

9 engaging said first strain relief boot to a first one of said extensions and to said

10  fiber optic cable;
11 placing a second strain relief boot onto said fiber optic cable;

12 engaging said second strain relief boot to a second one of said extension and to said

13 fiber optic cable.



