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(57) Abstract: A hermetically sealed fiber optic connector or feed through, the connector for connecting at least two fiber optic
€f) cables and including 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 the center member defining a channe) axially dis-
posed relative 1o the extensions. A first connector includes a backshell, with the backshell including a second engagement means
. in complementary relationship with the first engagement means of the first one of the extensions, and a second sealing means in
complimentary relationship with the fixst sealing means of the first one of the extensions. The first connector includes a ferrule seat
and a ferrule joined to the ferrule seat, and includes a cylindrical crimp socket joined to the ferrule seat. The crimp socket defines
an axial channel for receiving a first fiber optic cable. The ferrnle seat defines a bore placing the ferrule in communication with the
axial channel. The bore receives the optical fiber of the first fiber optic cable and places the ferrale in optical commumcauon with
the first optical fiber. The feed through of the present invention sea]s onto a fiber optic cable.
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axi al channel. The bore receives the optical fiber of the?tW&200¢ber optic
cable and places the ferrule in optical comunication with the first
optical fiber. The feed through of the present invention seals onto a fiber
"optic cable. 27 June 2006 -1 HERMETI CALLY SEALLED CONNECTORS AND

FEED- THROUGHS FOR FI BER OPTI C CABLES. AND METHOD FOR EFFECTI NG HERVETI C
SEALS FOR SUCH CABLES FI ELD OF THE | NTI ON The present invention rel ates
generally to connectors and feed throughs for use wth fiber optic cables
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applications that woul d roma connector or fee roug aving a
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: damage to the fiber can degrade the transmissivity of the fiber, leading to signal loss or

0utrighf fiber failure. Further, where the cable is terminated for any reason, for example
to join to another cable, the fiber within the cable may be exposed to environmental
contaminants, with resulting damage to the transmissivity and integrity of the fiber.

Because of the particular sensitivity of fiber optic cables, conventional
commectors 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 optical fiber connectors
and feed-throughs.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there is provided a
hermetically sealed connector for joining at least two fiber optic cables, each of said cables
including an optical fiber, comprising: a center member having two extensions, each of

- said extensions being cylindrical and coaxial, each of said extensions including a first

engagement means and a first sealing means, said center member defining a channel axially




SUMMARY OF THE | NVENTION According to a first aspect of #hdura@8@nt
invention, there is provided a hernetically sealed connector for joining at
| east two fiber optic cables, each of said cables including an opti cal
fiber, conprising: a center nenber having two extensions, each of said
extensions being cylindrical and coaxigl, each of said extensions including
a first engagenent neans and a first sealing neans, said center nenber
defining a channel axially 27 June 2006 -la disposed relative to said

ext ensi ons; - Akl OBEEd Qlenddit Hﬂtaagwaoﬁffoﬁmgguc agigghel | _

i ncluding a second engagenent neans 1 n conpl enefitar atlons ipwth said
first engageﬁ@h@ﬁﬂ%@%@ @@%&m@nn@mmmn@m@ﬁmm@n@d@mm%mgmbﬁsﬂhand a second
seal i ng neansﬁgaxm&; ﬁﬁ%ﬁﬂ&%aﬁ&b@ﬁ!ﬁ&%hﬁ@ TR TEY Qm&éﬁst seal i ng neans
of said first one of said extensions sai ?lrst co nector including a
ferrul e seat W@W@eﬁ%@@ﬁs@%%@%vﬁ@d@%era?tofsagthfransnﬁns,r st
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said crinp socket defining al axi al receiving a rirst fiber
optic cabl e, 8&§cgnicetorigtladingeaylindged] crthmepcket fpined toshid Sirmly sephisadd éranyr ul e i n
conmuni cati on sai d
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- According to ﬁr&@&ﬂﬁ&aﬁ%@é&lﬁ&fcﬁsﬁ@ﬁﬁ{ﬁ% itﬁwhﬂ;%eeaﬂ&lélg&n LG Rdiy Provided a
method of termnating a fiber optic cab fect of ernmetically
sealed to sal@mWﬂ@§WNMﬁ$@pW@%%ﬂéMﬁ§§$§ﬁh@thod conprising the steps of.
placing a crinp sleeve over said fiber optic cable; stripping an outer
jacket fromsaid cable to expose an inner jacket; stripping an inner
jacket fromsaid cable to expose an optical fiber; providing a connector
having a connector sleeve adapted for receiving said fiber optic cable;
inserting a tube into said connector sleeve; injecting epoxy into said
connector sleeve; crinping said connector sleeve onto said tube; crinping
said crinp sleeve onto said connector sleeve. According to a third aspect
of the present invention, there is provided a feed-through hernetically
sealed onto a fiber optic cable, said feed-through conprising: a
feed-through tube having two cylindrical and coaxial extensions which
defines an internal channel coaxially with said extensions receiving said
fiber optic cable; a sleeve positioned within




sai d channel and around said fiber optic cable which pass&sJ4R28#yh t he
tube; said extensions being crinped to bring the sleeve into sealing
contact with the cable; an annul ar flange di sposed perpendicularly to said
extensions, said flange having an annular groove; and an Oring disposed
in said annul ar groove; a first straim relief boot engaging said fiber
optic cable and engaging a first one of said extensions; and a second
strain relief boot engaging said fiber optic cable and engagi ng a second
one of said extensions. According to a fourth aspect of the present
invention, there is provided a nmetho of installing a hernetical]y seal ed
f eed-t hrough onto & ‘BE?OﬁﬁFW@aﬂﬁﬁpg@ﬁﬂ@ﬁﬁ?FEWW§”§ Fﬁpmgﬂgﬁ%ﬂl .J|ﬂ acing a
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groove; and an O-ring disposed in said annular groove; a first strain relief boot engaging

said fiber optic cable and engaging a first one of said extensions; and a second strain

relief boot engaging said fiber optic cable and engaging a second one of said extensions.

According to a fourth aspect of the present invention, there is provided a method

of installing a hermetically sealed feed-through onto a fiber optic cable, comprising said

steps of: placing a first strain relief boot onto said fiber optic cable; providing a feed-

through having two opposed extensions, said extensions defining an internal channel

therethrough; inserting a tube into said channel; inserting said fiber optic cable into and

.through said tube; crimping said extensions to engage and seal said tube against said fiber

optic cables; engaging said first strain relief boot to a first one of said extension and to




27 June 2006 WO 03/ 058314 PCT/ US01/50647 Fig. 7 is a top Pfamey of an
exenpl ary enbodi nent of a feed-through constructed in accordance wth the
present invention; Fig. 8 is a cut-away di agram of the exenplary enbodi nent
of the feed-through of the invention, taken along the line 3-3 in Fig. 2;
S Fig. 9Ais a first cut-away di agram 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 with an
al ternate enbggi f ' o) 1D = o 1P [ : - f.onal view of
t he al ternat egagdnfg%g?pr;gﬁ?ﬂléo}? Idtcﬁlg%g%dr?gggf%{rIghefgg?tgatg%algﬁgﬁzopﬁﬁ?g%legC— 9C of
Fig. 9A; Fi g.enpaeingsayd sgeand gleain relief hopkipyagécond eneioffpiithextensioh asdifotsaif ffiberf or

per form ng thﬁﬁic%ﬂlgpi ng operations described herein; Fig. 11 is a close-up
of the die and the crinping nenbers that are provided as part of the
crinping tool shown in Fig. 10; and 15 Fig. 12 is a perspective view of a
crinp as fornmed by the crinp {:Rm e D ~qg DETAI LED
DESCRIPTION Fig. 1 is a pl g%%!?gv]?/%g a conn%ctor ?ﬁ ICS}%.SSGHN ed form
constructed in acEsmrsatavepiethwillmodyealnstitadypy wrheldiondiniting fxapiple, withesent
invention. A Laal éﬁ:@% gnnector 10 joins two fiber optic

. cabl es 17 andllg%%ﬁgév&btﬁ%%%gh o‘ﬁl?gﬁép‘gggtpes 17 and 18 containing an optical
fiber. The connect@g L@ edmpriieest 8 werrcer indisdseqmbld fomn, fjopsimctehisl e ,
term nator Zoaocﬁ'%c@wiﬁ%‘&%p‘fa%b&ﬁoohﬁieﬁﬂd’i‘ﬁfe?feséxp' veg%n?”' ng to Fig. 2, the
center menber 30 i1ncludes two extensions 31 and 32. In the exenplary
“enbodi ment, each elgenspatsmutivgryewas thesceniyr themshef efhe eomaectones shapn éxt ensi ons
31 and 25 32 gL¢ coaxial. Each of the extensions 31 and 32 include an
engagenent nmeans 33 and a sealing means 34. An exenplary engagenment neans
33 is the nal e thriéaddtr psopectinmviel eiscsketcapioaiorgs penindiig-ér surface of each
of the extensions : “’ﬂgﬁaf?ﬁ S5k W th a
conpl ement ary eng_aﬁ%#qur}?se%galngﬂgrogglgﬁg%ﬁgé}h e fli Pgttﬁe%ﬁgwsecoﬁgascabl e
termnators 2howhaFigodto secure the cable terminators 20 and 40 to the

center menber 30. 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
assembied form;




_/2’7 dune ,2006 WO 03/ 058314 PCT/ USOL/ 50647 -4 An exenpl ar §7 ¥¥82P%y neans 34
‘I's the O-ring 34 | ocated as shown proxinate the engagenent neans 32. The
*Oring ig disposed in an annul ar groove scored into each extensi.on 31 and
32. The W8P teans 34 provides a barrier between the RESHPHSMdhber 30
and each of the cable termnators 20 and 40 to prevent environnental
contanminants fromentering the connettor 10 5 to danmmge the sensitive
optical fibers contained within the first and second optical fiber cables
17 and 18. The center nenber 3Q al so includes a raised, annular shoul der
35. \Wen the ca@‘%’"’"-“’t%@WHBWSME’@GWIW@OQW‘W1’%fg"rﬁjg%@alvvith the center

e De looABrciolf aRbRcd FHNILBBl8isine@tdRd 40 bear against the shoul der 35 to
provi de a snug nechani cal coupling with the center nenber 30. 10 This snug

mechani cal coupld:ng; 1t 2l NS Lhbdanady Ak s et ween
the optical fi l;f’é 'gé%dgg%% &3%?%%%1&?%%&& mnﬁgﬁh%%b(?ﬂ%(%ﬂﬁggg an

abut neh infention,3€kemblongthe ineB-3inWBadh ext ension 31 and 32. Each abut nent
face 36 includes an alignment neans 37. An exenplary alignment neans 37 is
ansaperture 37 tH@OAriesbisves-awaxdagras pbncinngtalconptmeed inpeaordaec(vsthe Fig. 3)
provided. in each %dgrac%bé*?x terr’gnat or 20 and 40, as described below. ‘It-
shoul d™BHeHEE S EPEERY RAPC P& Pe| ati onship between the aperture 37 and

t he alignnment pin .could readily be-reversed wthip t scope of the

i nvention. The cl'néglég S 3 3Rpou ﬁvaédiﬂﬁgf?“b?%%%’&mtcﬁécﬁs i ﬂfwcﬁﬁ%%m‘% and t he
cabl e Mg{ﬁia@%%gmmmmam@i@m@ define the aperture 37. The "alignnent
means 37 ensures that the two fiber optic cables 17 and 18 are mai ntai ned
in a proper radimg ot@ Abb@nehioRalatdwest the ienB BRBEBInerkQf i chsdial | ed 20 onto
the cables 17 and 18 and fully assenbl ed. For exanple, if one cable 17 is

t i0st dekeppalongling Ud9C pE¥igtQAie to the other cable 18, the transnission of the
| i ght through the connector 10 may be degraded due to back reflections,

| osses, etc. wi tHig.d0 sorpeepprsivel viny of  simpifig opkptiabdleionperfopming e cent er menber
30 defines a Ch@””%ésc%@ed X| %{;I y disposed relative to the extensions 31 and

CIE

32. THE"ORERE? passes entirely along the length of the center menber

30, d 25 [ ' f | 25 [ bl
or mnator s 20 dif 1502 ef Biaieihd e CpBhd heBhs i B8 Bladebin 100 2

when  tdTeheGaiRipagtten shbdmits Figuld; yndassenbl ed. Means 39 for aligning the
ferrules can be provided wthin the channel 38. An exenplary alignnent
megns 39 is a sHifl2 isd Reypecti3O view of b ewip hsfolnied by Zhe diafpignodighdvarifri g. 3, the
fi rs_t'F(;ablIOe termnator 20 includes a backshell 21 that

1g. 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

- sec_ond cable terminator 40.

Refer_ﬁng 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.
25 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.




30 engages one of the extensions 31 or 32 of the center méfib&re 288 The -
backshel | 21 i ncludes a second engagenent neans 22 in cooperating and :
conpl emeRiAy: 3\%ationshi p wth the first engagenent megp ,B.;gi G%VI ded by *
t he extenS| ons and 32. The backshell 21 al so includes j ne 2006 WO
031058314 PCT/11S01/ 50647 -5 second sealing nmean's 23 in cooperatlng and
" conplenentary relationship with the-4ealing neans 34 provided by the
extensions 31 and 32. An exerrpl ary second engagenent nmeans 22 is the fenale
t hreaded portion, 22 (Fiag. i nsi de the backshell 21 that threads onto the
‘mal e threaded po‘ﬁ?’&?ﬁlp&ﬂ’iysef‘]ﬁg‘%‘ﬂ%ﬁglﬁ§ Hng 3 loagied ag shogaupadty theecond
seal I ngg ﬁl@& eind $2. 1R J- 4‘]?18 BIRSdse i aB Anrlull® bABvd ﬁﬁreé ﬂ?@%ﬁ Q}ﬂ&ﬂsxo%%lt hat
engages t -ring provid t he extensiofs 31 and 32. The first cable
term riadd2. “él@aqeﬂmglm@ss 3%Prﬁeﬂ$albm@w¢wwm@nmcm¢r@erﬁﬂ and28eh ofitieed t 0 and
exten r | c IS
j oi ne? @g {r{?ﬂﬂ}&%ﬁégé{& e‘%ﬁﬁhwg%n%eﬁm conr uc Igsraf}os %ﬁ%@%tchg negrgog axial *
channab démagenieceenstiivegppticad fidrs ¢dnminkd dthindlpd first and bdcosd c&;ﬁcal@beﬂo&blﬁs—l— e ferrule
seat 24 ggfl nes a bore comunicating with the axial channel defined by the
10 corfid stem 26. The bore in the ferrule seat 24 receives the ferrule

25 and al so. ptlcal flb r. contained iin the fibher optic cable 17 or
18. Thus, the bgﬁé‘f chptertaunbeR 0 glsopaipdss 9 spised, %Tl?@&?“?deéém%g‘? FRE W th the
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provided with an ali %nrrent means 28 t IS corrp ementary to the alignnent
 means 87 agpipstitfeshoniger ﬁéonreml@#sn%mqmﬁlcg@hngﬁmhrﬂ@ceweumx@bey?:@mbodl ment

hat
e L s i T
above,fiteh¢ableail ¥ anljident coul d readily be reversed within the scope of the
I nvention. The backshell 21 slides along the connector stem 26, and the

backshel | 21 r ot'msemteﬂxﬁdrﬂ:tei 30antlades Beatmanae 6o s 6 sittenand of é20h attbminiBhe

backshel en r read gnto the c 20 ne er 30. As shown in
Fig 3nd %%géqu R‘gﬂ"gﬁ’tgf ‘?% p@wﬁmwwsgﬂ P positi on
rel at i37s dfpbitge 8P HACREGVes & LIRS SHERW pih D8 Esb@F:g@) pi'd?ﬁe@ﬁpéé&hel | is

shown nopved f ul lé% forward i nto engagenent with the center nmenber 30. Figs.

5a15and’a@?) tegpmator HQandADeas desraiped beloys Tbthowld be prfsrriaod thet tisgplpti@slgp t he cabl e
term RRLAL, A8 apdRKESY 'cﬁ'lh%gih n#]ﬂ 88 Soukd fg@dﬂg" d revarsed Whiia %chjﬂ@%? theS: | O,

and 5b |IIustrates cabl e 25 ter m nat or [ e term nator contains the
sanme duvegden rlée cgiteygnenthar wulglpravide kst alighgerty pw 28@pndithe cthie teb@nabs 8@t s t he
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)

- Cross-sec

cables 17 and 18 are maintained in a proper radial relationship afier the connector 10 is installed
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




of the gonnector stem 26 before crinping, while Fig. 5b iP{{5e280%s the

" sane cross-section after crinping. In Fig. 5a, the elastoneric sleeve 14
i's disposed within the connector stem26, with a void space 52 shown '
"t her ebetWR&HSBH addi tion, an cable jacket 50 and a fi bdiCTHUSIFOKT opti cal
fiber 30 cable is shown di sposed within the elastoneric sleeve 14 with a
voi d space 52 shown therebetween. Lt _is to be understood that the void
spaces 52 as shown in Fig. 5a are shown in exenplary, but not 27 June 2006
WO 03/058314 PCT/US01/50647 Iimting, configurations. Further, Figs. 5a and
5b - ar esmoeid sdalmgmetos. %daﬁeaperﬁﬁngandabmplmﬂéxdarg paatipashipPwittathe sdamhg ﬂzéam; $4d to the

confi gur ns. shown Fi t he connec t ,6' has been
ot ool P Rionb s afias. e exftoksy seobt GRS OS85 A
di scusaeddédpoftion2D€Figotimide thedalihdln 1itha thrddds ofle MeShate HhRded 51@10ﬁ§n 5 used to
pl ace a pl urall%% of crinps 53 into the connector stem 26.

“al t er nHEF¥Ensiays %r%arﬁneqxgmﬂﬁ%’@?w&%@alwwﬁmkcﬂ# WW%W‘?% ot her
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sel ectively repl ace to determne the depth to whieh the

connect or st em 26d s bl MRfoPh 080 Sl SO hLeREN.

depths. It is preterable to cri e connector ‘stem t he
cr i npsand33teadispirern ¢hedbirulo feat 2 A/culldquah@asecﬁﬁ steint260s jbinad foelnd fiermge tdae

struct yy al nt eq ity 10 the fi ecificall he c¢rinops.53 should
ot - be b b s 1 i dn sk AL R B ne gt e opiet ol 121

especi al I8y Tﬁefeﬁﬁletseatae\ﬂﬂ’inc’é ot bhigpurbichtiog wmauls @xial chirBPRafed by thdre fi ber 51.
Dependi n on t he V&i‘ gzrs of the void spaces as determ ned by the

re e

bectq @t‘{ﬂ Sige0e fifge fepply gt %?ec%"[’@ﬁli‘ez%‘mlﬁ Reand akerhsraptivad fibgreeve 14,
and t hgneakhé ﬂl@ﬁg&topécpcabfehg ofl 8 U finel A fi4deS ferrile BRP Wb chosen to

di spl ace all of the voi ces 52 to effect a hermetic seal around the
cabl e WWW@QHE@@POPM&%l cal fiber cable, as shown in Fig. 5b.’
Clearly, the proper die 151 (Fig. 10) used to effect the crinps 53 wll
vary for differ ke fapge E@HM mﬂsdes bostetnaan; faon2% whichiapevidadatith@hcr i np

" epr oot ey Ral Rl gk O R PR R PR A BB RREREDT Dnci e

fi me- t memieg 3mrh1ah1=.j exsmpnt emHBﬂg‘lenﬁimcﬁsséﬁ Pavd, itelaligntdt mems g8 isiaew of an -

exenpl enbo t of t 10 as sh vvn |n Fi
assenbzﬁ Ie'égatg‘ésr Fggé%{nﬁiﬁytﬁﬁcﬁ‘lmé Q’r?%isgéi ont o
cent erauawhﬁgar?aﬂgen%ﬂmmremmér&@sdd&ﬁ{wﬂ%s@p@me ﬂwen‘ﬁ@ﬁ ch in an exenplary

enbodi nent is machined fromstainless steel. The body 1 provides a casing

- that defines themRuhaihal215UAdsakRg tHeRakREbEA:S b4, 654 @b bécmeﬁgmo%srfenber 30,
|nclud|ng the threaded portions on the extensions 31 and 2, the

shoul d&lhwso thesaniesor sipn 36 i allgwdbakeclshelt 21y ugagear threadberto ﬂlwen@éal i ng neans
23, ANk ek £ 9s shown in Fig, 3, the backshell 21 is shown moved to its most fully rearward

position relative to the connector stem 26. As shown in Fig. 6, the backshell is shown moved fily

forward info engagement with the center member 30.

Figs. 5a and 5b are cross-sectional views of the comector 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 stiucture. 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. 5a, 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, butnot - *




. 3). Asuitable sealing means 23 is an Oring having an’i ndédugidgi®t er of.
'0.260" and a dianeter of 0.032", and being fornmed from neoprene. Suitable
Orings are connerC|aIIy avai | abl e from Appl e Rubber Products, Inc. The
body 1 aMd%#B#i'hes an interior axial passage that cont aPEI/USOHHM6HT e shel
'3, 30 which in an exenplary enbodi ment is nachi ned from stainl ess steel.
Ferrul e shell 3 is dinensioned accorgi.ng to the dianeter of the ferrule 25
used with a given connector 10. Fertile shell 3 also provides the
alignnent neans 28 described above, and defines an axial interior passage
27 JunkmitipeEonigurRions Fyaher gy, GSs) B0t dra@n fascals! | Thash hly vaidspeeesishg t he
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Fig. 6 is a partially cut-away view of an exemplary embodiment of the connector
20 10 as shown in Fig. 1 in assembled form. Cable terminators 20 and 46 are shown assembled onto

-center member 30,

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
charé.ctcrisﬁqs of the center member 30, including the threaded portions on the extensions 3f and

25 32, the shoulder 35, and the annular groove ﬁat provides a seat for sealing means 23 and 24 (Fig.
3). A suitable sealing means 23 is an O-ting 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 2 given connector 10. Ferule

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




-~ TEFZELT

A steeve 14 of elastoneric material, such as TEFZELTM sol &7 Byrel3d®nt, | nc.

of- WIlmngton, DE, is disposed within the connector stem 26, with the

- connect%& &ﬁ@gbelng crinmped 25 onto the sleeve 14 to secure the sleeve 14.

POPFPMd. as an exenplary material suitable fACHEOHE t he

sl eeve 14. However, any elastomeric material having | ow creep and [ ow

col d-fl ow characteristics is suitabte for the sleeve 14. Specifically, any

el astonmeric material is suitable that nmaintains a crinped position'for

--Iong peri ods of tine %nnnths or years) without flowng or noving on its
Aorstidahly wpeadgtbs fsdude Asdprsribasishenst owitshle frria® aliggnalbmenns,lsedh bel ow, to

- secur. ggt haifiRer 0 £ uring the
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t he elsaitiblurplit-deest Fbiseoirheslly evailablcapan nanbd 825 ARE fpi Johane@bine. Wi t hin
the connector after they are crinped into place. The el astoneric sleeve 14

form; a herrretid‘haBah]emaﬂniﬂﬂ@ﬁzﬁ/\ﬁd%/rﬁﬂﬁﬂénﬁﬁi?leﬂs&ﬂlnéﬁéﬁﬁmﬁl? eghrear ound

she h of e fiber t|c ble 17 or revent |iquids, gases, or
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f | ber epphds@roaatht Rrrhie 04t 2284, sm&iate%rrdlm xﬁ@ma%ﬁs%cté@frbxﬁ zﬁl&%ﬁ"’% ed by
crlnpln%@the cri sl eeve 8 to the connector stem 26, heat ri nk tubing
11 cafuikkledpils wat 2 @n h@lmﬁﬂ%mé fomstainieestesl gAn elignmeyi mesms such aapiu 28.i onal
bar ri.ggs, Vibd RATRALA R PQE t he heat
shrlnkifﬁﬁﬁﬁﬁhﬁé |s%%%34§§§%?5%§?§&% ggssa ﬁgéég?%# na provi de an
extrag gfbyphofegukeisent24. hat may be deslrable in certain applications.

A suitable heat shrink tubing 11 is forned fromplastic and has an
adhbesi ve I|n|ngAamnwﬂgmdmslﬁmpnﬁﬁbdmsmmewbﬂmﬁﬁﬁﬁje&itm{eamﬁaﬁman addi ti onal

Fi ber I teRtea TR Lo et 2af i Pt PR o A B Hor oy

pr evebﬁrlvétgw;ish@ 15;@3&11&11@ PhaiteAthay B18¢d. BHiRBl REAEL REEheNH 2D ale @8 HSerciutly addi ti on,
heat shrjnk tubing 11, when shrunk onto the fiber optic cables 17 and 18,

resi sP@UgRlF framdillied pevides and nymprongether yendars) dhe qurvadinsiieg 1hresixainedhee t he
connegdrhrd Havel 3Rfle Bﬁcﬁ&'ﬁeﬂtﬁ afoﬂfthg b&ﬁﬁct&@kﬁ&@ @p}eﬁﬁ%ﬁﬂ é%n%ld%f £m being

bent to too tight a radius of curvature. In an exe ment , heat
sh? i nkhetbagk ofghe domecien stemBP édapsigin thmr@ar@mdattawluofyhe@hdmmuzer Astitbl suf fici ent

to nme 1 hr ubing 11
(o rominfieatot PARhERANY Bl bk A0l oSl Alyir BRDS T ipg
_enbodﬂhmmtbesimiﬂdo'rstiplﬁleg.asﬂqcesthptmabmﬁmiphhuéxdﬁmaﬁmtor 40 is identical to
the first cable term nator 20. Accordingly, the above description relating
~to the first CAhla@diﬁmahéeaiﬁtg@ﬂieaﬂQsmbpd D-eisg es|uadiibposddbetiven BkpaT2 cabl e

ternin t be repeated.
connec‘%i- stemgéi \% preven? enw?'onmen contammants from entering connector 10 by

20 capillary action along connector stem 26. A suitable O-ring 16 is commercially available from
~Apple Rubber Products, Inc. Exemplary dimensions for O-ring 16 are an inner diameter of 0.150”

- and a diameter of 0.051”, and the O-ring 16 can be formed of neoprene

A sleeve 14 of elastoreric material, such as TEFZEL™ sold by DuPont, Inc. of
Wilmington, DE, is dis];iosed within the connector stem 26, with the connector stem being crimped
25  onto the sleeve 14 to secure the sleeve 14. TEFZEL™ js 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 cormector stem 26, as described below, to secure the fiber
30 cable 17 or 18. An exemplary process for securing the sleeve 14 within cenmector 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 -




Havi ng set forth above the various components of the conndt¢#e 2006 an .
exenplary 20 nethod of termnating fiber optic cables 17 and 18 with a o
~connector 10 hernetically sealed to the fiber optic cablgs é? Y d 18 will
now be d¥OMBBEA [ heat shrink tubing 11 is to.be used?CHUAES 5 ecut

| ength of such heat shrink tubing 11 over the cable 17 or 18, and slid it
up the cable 17 or 18 and out of the8way tenporarily. Place a crinp sl eeve
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 tenporarily. Stri th'Eil astic outer jacket or
sheat hseekasend the sheath gf the f erPPWe‘}ablﬁﬁ%/P’bl tEQ%IV tfiqinds. 84588, ORORT hose a strength
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Insert the elastomeric sleeve 14 into the connector stem 26. As discussed
above, helpieg td pass vveriabordenside/leads 4n ghefibseoptis cehler 1f7 2B 8 direHo ™t or ot her
suitabl e el astioperic nater D AVES ol B dul¥ Badsh e d@IdoH] RaSEAt 24
to %e §°n§‘ﬁ?t%rslttoh§%#de)f1?ul e%é%glfl:ﬁﬁg\ﬁ%ﬁa&g%%%%mm ate the. 1iber, adjusting the
fiber aEmhestassHr, whemshenkwne tie fiber aytie catflést 17 afd 1 nresksts corvelregt therfbsber

( KEVLART) 0 roxi mately 0.3" abave the outer eaf. tche fiber
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accor Alggh Beth b O dliOESE cidfvaXvi einplaryegnihogintent) bdabdtrink &bm

sui tabl e epo_f isOTr a-g[Cl:p_n BA- 17011_38C. .Inject the epoxy int %he connect or
st em 261 hpythicknegtang dpebiiy @a@@eﬁﬁcﬂﬁugﬁclqnbhdnﬁFé’ﬁBﬂ . ﬁtﬁé ﬁ%g‘ﬂﬁ’e". ¥ Insert

t he .ne %n}]’ Ph8i et it Sm Phf wh@R. 26, and fill the
coﬁlrslec?girtaq%{ﬁeérbrﬂl 6 V\n{ufgﬁtghgboxy Iﬁﬁa?%blgﬁsrral bead appears at the end of the
ferrule 25. Do ”%th%\é%;éaﬁiérye HRAP R FiS! £Me2Beond 34tk SinfAdorRI0Ys €POXY
resi due fromthe extern surtaces of the connector stem 26. Insert the
fiber Sdentical to thhBrsbable ternirtatoe 2¢ ohwsewingly, Sreahevzalewription reléngsadie IB# t he
connect ?]tge %h%%%té;? Oa%ep%tl% éaa Iytc]s{he Ee@?rhdocldgl@rteﬂnﬁz%ﬁg%%%% o?ﬁ'ptle ated. OF 18.

Pl ace t° _ streng nmenber over the end of the
connector stem 2 m"r‘fgtsél 'f;[) eab%?eqﬂtie \?a;[ng{ls c%ﬁn%ﬂh%% of the connector 10, an exemplary -

20 - method of terminating fiber optic cables 17 and 18 with a connector 10 hermetically sealed to the

fiber optic cables 17 and 18 will now be described.

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 tempérarily. Strip the plastic outer jacket or sheath (about 2.5”) of the fiber optic

cable 17 or 18 to expose a strength member. The sirength 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 _ g
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.




passi ng .bet ween the strength menber and the inner sheath 0¢/46€#R8E ng t he
-optical fiber. Crinp the connector stem 26 onto the el astoneric sleeve 14
~using the customthe cavity on the Daniels crinp tool. This first crinping
~ oper at i ONOJ3EEBEE t he el astoneric sleeve 14 within the EHIEIBI64Etem 26
by crinping the connector stem 26 onto the el astoneric sleeve 14 and
driving the elastoneric 20 sleeve 14gagainst the inner sheath of the fiber
optic cable 17 or 18. As described in further detail below, this first
-crinping operation forms a hernetic sea] between the connector stem 26 and
the - i nner- sheathoode 2 doendcidodd canpinictedaadotdinglid tarindBtioMrd@evibhe - above first
.crinpin eratl l,i.de the cri sl eev, al ong the cable 17 or 18 and
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required to |ng nay nme e ou er Jacket of the cable 17
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enbodi nent of the netho t he T nventi on, Vvo bet ween t he
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14, apdsstighetweén hii@rength eendbecii iR Rf stediB sdr dadinEAb bﬁac&Fﬁ&f Anp el ative to
the i nner di ane'tétse%of the el astonerie sleeve 14 1 s chosen such that when

the cGRTASERDTEM 0 wtithp Slgstpmeriaslasprots, usigg fhegpstem digcavipi op thpBiedids winer di spl aced
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around the fiber optic cable
by c¢rimping the comector stem 26 onto the elastomenc sleeve 14 and driving the ¢lastomeric

20  sleecve 14 against the inner sheath of the fiber optic cable 17 or 18. As described in further detail
below, this first crimping operation forms a hermetic seal between the connector stem 26 and the

- inner sheath of the fiber optic cable 17 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 8 and thelshoulder 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 criﬁ1ping operation mechanically joins the conmector 10,

30 - through commector stem 26, to the cable 17 or 18, and prevents any strain apphed 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 1‘7 or 18 and over




The voI urre of the void spaces and the proportional diametéfdun620he, cablte
17 or the connector stem 26, and the el astoneric sleeve 14 shoul d be
' chosen S ﬁg'}hat the crinps and any resulting deformatign of the connector
..stem di s@ FRB3EE vol une of space corresponding to the 15PGHUSHEY t he voi d
--spaces. If the volune of the crinp does not displace the entire vol une of
the void spaces, then void space wig- remain around the el astoneric sleeve
14 with the attendant risk that no hernetic seal will be forned.
Conversely, if the volume of the crinp does displaces nore than the entire

‘vol undhesmpmdesye s do eqyaiche0-1't gaprbetveen & toptod thercrimprteees § and theghodderof ged t 0o
boe cafe g el B BRBE AR Sl hellanbfind b Rubdit BEARE Ml St oC TR

optica rac ure wever I mensi ons of the

"~ cabl e réghied tmnnkﬁnmmecmaymeﬂtthmﬁﬁgackmbfﬂh&alﬂé HborokBef the heasiseeate 14 are
det er m ned fo&. a gl ven application, a hermetic seal can be repeatedly and
r epr odiTRFBIYeC BPBE gy |n the fiel'd by u3|ng the apparatus and nethod of

the invention. Bein to, effect c.seal reljably a
repeatably is aEiE' e ?mmwafg@ BB Gk BT SR Bt Se of

t er m natvdeg t}ﬁ'&gmfé@tﬂﬂﬁ@rh 1 1ghd thdQhistHRtric SleSRNUS for OB Bt allrh;xn &nbﬁl&se |
conventional nmethods require 25 manual fine-tuning and adjustment in the

field. dem@iedmsﬁ%uw%%WW@%M%@WWW reladive torthduteshown in Fi g.
LIS RighalPhe elaptgﬁ@"&,ss‘?ee'v%]lﬁgﬂé S0 WY LR BB e dERR S e T ber
e applica

optic cable as is crl e ‘connect or stem ion of uniform
and eqﬁbhwpmﬁs&mmedmsmkmqﬁmﬂehmmnmecduﬁelamamuﬂhsmmdmﬁmmmsmapmhmmﬂ duri ng

n Str fi caus ct SOk . POSSI ctures of
P 2 o Bt eSS P R R R b PR i bR G
S| gnalefiemaﬁahe&ﬂe{mfseaa@iouﬁmeﬁsad;pﬁ@cabteqtzair18:abl e failure. 27 June 2006 WO
03/ 058314 PCT1US01150647 -11 Fig. 7 is a top plan view of an exenplary

enbodi ment of  a feedhbd bPme Roid @pacnd tHepedRetiont MeCRirdaNEEcadlclin of I present
invention, while Fig. 8 is a cut-away di agram of the feed-through 70 of the

i nventhofPrmecio é'ﬁmaqﬁowg therdasiomeaic slﬁweﬁﬁ sijull beehoss suchdhah therimpyand agy and 8,
feed- trl?sruﬁh'@raefzgnﬁ%ﬁ BBk Ecﬂ'lnlet%foﬁﬁ‘ﬂ{& AL @Ql%?@ﬁ*x%%bﬁe ahkife t%ﬁ) This

feed-through 70 finds 5 app |cat|o especi a pas Ing the fiber optic
calsl e VDBHnemf theghidzspeas. | If the volutnsof the critnp dogsmot dlsﬂawme entieivblemabfdesecuri ng

the c he f vent .t h rom
novi ngr%r oAt \\?fggltvm tshac% Mﬁgw%a”nr ouun%r&‘fcfg)%{fﬁr‘éegﬁe?er}’gb4 ﬁa%e?dfmé r’t d by the
f eed- ttht oo génnmc abwitit Sormbed. qd)mﬁlvszselg,asmesolumé ohé afme Bakis ﬂﬁﬂm triate

cobl o R et SR e et o Rt RSt s o o ough

70 i s asp@estiiRdiber cable 17 or 18, with the attendant risk that the optical fiber may be ﬁ'actured

- 20 However, after the dimensions of the cable 17 or 18, the connector stem 26, and the elastomeric
sleeve 14 are determined for a given application, a hermetic scal can be repeatedly and reproducibly
executed in the field by using the apparatus and method of the invention. Being able to effecta
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 ig'preferable
‘because it applies uniform radial pressure to the fiber optic cable as is critnps the conmector stem.
“The application of vniform 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 iransmissivity of the cable and cause signal losses, and fractures lead to
~ total cable failure. |




10 to the wall or barrier by nounting menbers, such as bol¥dunesg®ws, or -
ot her .attachment means, passing through apertures 71. The feed-through 70
-.includes a feed-through tube having two cylindrical and coaxial extensions
- 75 ‘and 79O 0p@E83¢%t ensi ons 75 and 76 define a channel coaRCHPSOE/SM47H t he ,
-extensions 75 and 76 for receiving the fiber optic cable 78. An el astoneric
- sleeve 77 is positioned 15 within thegjchannel and around the fiber optic
cable 78. A flange 72 is disposed perpendicularly to the extensions 75 and
76, and defines an annul ar groove 73. A sealing nmeans, such as an Oring
74, is di sposed KigtHb piopplanatewdfan exprpbeenBodines ofd febdhgrdublange 72 agai nst
.. liquid, : . vironmental co m_nants. | n_an exenplary
enbod ren g i RbordloF i BLHEAP IS Ee TR IO FOrF ohovpnGren ey
* rubber i fewlthroagle7d ol the iSuintial iken@mbg theline SYURIFIAT. WsEedn ih%igg.ofmiﬁrs%?' ly 20
avai | at&l e rogr?}%al?rrer_E@’gi nlgeri_n%a Inc. The O-ring 72 has an exehplary
i nsi de ‘@ ARCLET [ GierRgeadnseals quto 3 Tier opt¢ eableotS. Thipdeed-thraugh Hdmdsst rai n rel i ef

boots ( rpplicatiandspecein e Shel RSPt it BC@RJ - g’l% s a first one
of the gxﬂténsi,ons 7% Q?S%Sg@to hol_dj.thelcgb eu%ai&'ﬁnp acegggﬁi&%é%i se, a
“second *8Y¥H; Whilegisogecugag the cably 78sridimthe EnddgosghtMeo prckmat thopiblecysciad € 78 and
engagesnFinkSEa 10 Rk 18-t Xte S| 3 5, further reinforcenment
~and cabl e strain tricéhl%iféeé;Ei tgllag@n@t Ergﬁﬁlehgé(} clséa5 ﬁ%‘gﬁ%?ﬂatiﬁge‘g' oeh JRPEEEnis o

f eed- t HiaBidgIgasees, orfieer Pedtnmbiria wghafifamtaior gassig MirbQa i vail R ofibriaher bl ock of

st ai nl : _ . Alternatively, .the seyeral features of the -
f eed-t %?"%63%%%? §%’%‘§‘F‘ﬁaﬁa‘ﬁ‘8%%%ﬁ?%é§ﬂ i°6h‘§ ale 45 ced-{rqueh 0es seraede 72 can

be ifmc i the thal epiauradrdl yoanthgtritaiberspheem vafs, 96BRS, W éﬁeﬂa%disﬁ@mﬂg&‘é her "to form
the c letted Eeed-th:@ugh 70. The el astoneric sleeve 77 is tfofned from

0
mat er i &P REAPHELAREMES T 30 | ow creep and col d-fl ow characteristics as

descri bed above relating to the elastoneric sleeve 14 shown in Fig. 6. As
di scussed above, i#E&thmgagﬂwél%@éﬁémumwmmmmm is

 sui t ablguxfaPexistERnEs 46 TRSHANRE 2 B A8 2906, VO 03/ 058314
PCT/-US01/ 50647~ -12 Having descrélsrtfce?glﬁit1 e %gé%?ﬁﬁmgééﬁ%%ﬁéﬁﬂmﬁgthe

f eed- t FFEHPRS 70and¢ feverrpiingthe fivepoitiodaldé 78.nsh albitomericishevd Ensmisiveadd Y seal ed
f eqg-t l@ﬁtﬁfﬂgﬁbcﬁﬁrn% T ?ou{n' Ly OPLJ: € glﬁe 78 wi Jéa ow be described.. Place a
first strain rell Ie?%n b00 hgﬁtﬁgﬂtoﬁ o ?alg% © opires ’ﬁlqﬁpefgq pegpeadigiirdyeoi ¢ al ong
the caBleexF@iands et 760inddefnanay atnelp@bov 13y A RER4 HEnd sicBedat drigpah 70
constr ﬂ%ﬁsﬁ&ﬁg%ﬁg‘%&%n to the |, 5‘; N n%/;ent | on as descri bed above. In an
exenpl ary T enbodT Hent T HIAETPa 42 fose PEF FoAgatpidiquid, gasses, or other -
environmental contaminants. In an exemplary erabodiment, O-ring 72 is manufachured from
VITON or other similar rubberized material. Suitable material, such as VITON, is commercially
20 - available from Beamer Engineering, Inc. The O-ring 72 has an exemplary inside diameter of
-0.650” and a diameter of 0.098”. 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 féed—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 inFig. 6. As discussed above, TEFZ_ELTM as commercially available from DuPont is

suitable fo: use as the elastomeric sleeve 77.




extensions 75 and 76, with the extensions 75 and 76 defi n2Adu§ 2%R%nnel
through both extensions 75 and 76. Insert an el astoneric sleeve 77 having
"the characteristics described above into the channel. As noted above,
TEFZELTMWO 88t ¢l astomeric materials having | ow cr eepP@HESHEREHs! d- f | ow
characteristics are suitable for formng the el astoneric sleeve 77. Insert
the fiber optic cable 78 10 into thei1elastoneric tube 77, and ensure that a
-sufficient length of cable 78 is extendi ng beyond the feed-through 70.

Crinp the extensions 75 and 76 to engage the el astoneric sleeve 77 agai nst
“the fiber optici@é{’é‘gé“?@bedltﬁaSﬁﬁer@ﬁémﬁqnﬁmﬁoﬁ’@@lfﬁ?&thr@mwm@mmﬂm 75 and 76 .

are criepRd of MktERing hedBchkticly sbAi& dfeé/&%m%ﬁg}?’fbsﬁ%@geg 88% E‘ﬁ 878 w@;} ebt he

feed-through 70 ninety degreés and re-cr again
twi ce @pscabidh Plage e fit sﬁramhefrbdotmmﬂmﬁmrepmrqablaﬁ& anrenlhtadt aldDpitinkblg -t he

ext ens r|c | eev {0 snug engagerrent '
i th TR GEoPREw P bk, S e R e e ssperaeade :
obj &ct nmrem:mnm dcscr,:beﬁrahmeammei’cSmpISryreﬁﬁbd@bﬁtﬁﬂte i‘de&@rodgawom& el at ive to the
f eed- throu {50 d%g h? crinps provide a hernetic seal and
r edund&HE™ (el nwﬁgg’leﬁ?fmﬂnﬁ §§7éﬂe@wsﬁéﬁﬁﬁ%ﬂmugééﬂﬂlaﬁﬁew§5 entering
the 1 ced1dnughn Estod@idMRrE71 ink BRUMAANAR, deribda HREinl APBRne N1 OUGN

g p

“the wall of an at mosh here chanber, "the hernetic feed-throu revents
out si désBefRd 2RV RS ?“b?ﬁ@?f@lﬁﬁtwn&mt@@@%lamglmﬁmeammmm@ fidve chanber

by | eakgpgg e} 5 and 76
are cr|npe?ﬁ&gegmgn%ﬂﬁkgfﬁggﬂgtra?ﬁgéﬁ? ?WBooﬁ&draﬁ E% q%ﬁ%ﬁ87 8 and
endhgeiniq the gagtorhdricgubedieandfensunethabat seffisientisngflb ofwzblé 68 ansltehding B§okd ther opti c
cable £84 4. ﬁ% g@e strain relief boot couples the cable 78 firmy to the

f eed-t hroug 9 and directs any tensile strain borne by the cable 78 to

the feed-through.70. .The, strai ef boot thus helps to mninize any
axial or tensile SPPaiet* Wﬂﬁ%ﬂsgga?cﬁjéétf’é?gé’ﬁ?V’@IW“P’F‘%E@‘?%I@V‘E)H%&’&F”M ber 51.

For adfiberioptivadable 178 nf@reﬁaﬁ@&ymeﬂiouotﬁe iSRS &Hb@hﬁ chﬁxi,éc?tfmé%ﬁte ong the
opp05|1t#eﬂaend of the cable , that is, the end t was i nserte |n|t|aIIy

t hr oug %‘é”“feé@ﬁlsl?r’ﬁr%@%767G{Ot%@aé%dfhﬁ@aﬁéﬁmtysic%WdedMP thofeed- 30 onto
thes fidefugPn, hgan?ﬁﬁbeeon &ch J@&sﬂ??ﬁ’&dé’%?@éﬁé&e Iagﬁzﬁ%tﬁédﬂcggnd) Yo d spaces as

related to crinpi ng he connect or res eq ﬁgly to crinping
t he fe®¢EniARSOAIGRd 76 drivys diei elastomietiy/sleavin @7 thicasmsg em@gemient ‘eh fhe @ber opti¢ ough

‘ext ens} ggsm?i ggﬁl 7 ’g %\B%B) abl.e toneric sleeve 77 are
pr opor t1 oned &ﬁggaf% gnt i 8‘% LFZ%% %n Héro&l @2"4%515 ERraREdd oMot when
t he exmevisg mhEver teniedhirangie 7@ rSespepkhe MhiltipleQirkhps PRORIS 2 BesRSRat HASE
conpon %d&n%anecl protection against liquids or environmental contaminants entering the feed-through 70,
20 Where the feed-through 70 is used to pass through the wall of an atmosphere chamber, the hermetic
feed-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 sirain relief boot couples the cable 78 firmly to the feed-through 70, and directs any tensile
strain bore 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 a
end that was inserted initially through the féed—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 connector
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




- face off°THE

di splaced with the el astoneric material, thereby effecting? ¥ 28e% nmetic
seal around the fiber optic cable 78. The volune of the void spaces shoul d
be chosen such that the crinps and any resulting deformation of the

ext ensi oW 99858#ti ‘76 di spl ace that same volune of space.P/B80950649A and 9B
are cut-away diagrans of a connector 90 constructed in accordance with an
al ternative enbodi nent of the inventdign. Fig. 9Cis a cross-sectional view
. of connector 90 taken along line 9C-9C of Fig. 9A. The connector 90 as
“shown in Figs. 9A, 9B and_ 9C enploys a tw st-lock engagenent rather than

the t hrsé%l@ﬁf a8y %éﬁfﬁ‘?ﬂonégs m%@%%@ﬁn@éﬁﬂepﬁlwes Teatwere thooe cobfpondmts ap¢ her
respectggp la%}?wfﬁi)tﬂ@@%&ﬁerg%ﬁ’télaf Yo @ﬁ'écﬁ gé eﬁéi 1 5und e nxbet or..10, with

.10 similar reference nunerals desig atl n ar s ructure re{)?ﬁhﬁonnector
10. Speebl 73 alhapoluisef fhieveid spasabiheuldde nhom:tsuc}sthmhesmhp@ 2ndurty remiigned from

- a singl to ne means 93 in a first

" cabl e t%?%na%%g?hﬁ%Etgnsmggﬁ?\néia?g?w@%ﬁ%ﬁ%éﬁ@ﬁ?Yi‘g‘?“%&'tsg?ﬁ?ent means 93 provi ded
by mat i ng face tB}11 able termnator 91 or | n.the exenplary
enmbodi ment shown g’a%ﬁlﬁg 3 CRESAYT %@ﬁﬁ!cﬁéé‘l al i gnment pi ns

ext endiab@rdanodivith dﬁ&ﬁt&rﬂ@vﬁ&ﬁﬁo&iﬁmﬁt of tHe StverionC 813! ﬁ:fs%rc%sﬁl%cﬁﬁna?%e‘g of 92, along
Wi th correstp 1di ng g}nd co%rpl enent ary annul ar slots :defined in-a- nmating
% @lopg ling
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formed fromelastoneric material, and sea €n ca erm
and 92 cpmnegierilsdp obervespentativtcatnecionGissubsinttally femmeassiommgtor ﬂm withonnect or

90 ;0 r er nal ent connect or
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means, calzﬂa: tchnmayrsBEamWZ(meﬂgmﬁﬁﬁ-oﬁ& sitlgletpsdct af stdnlestBReIGdck NA1idBned} SO serves
Oring 96 may be manufactured from VI TON

as a secon rl% E{;gng{%c seal
as di sCT&%%d BRGTES %@é%@tcweplgla%ﬂz phggIcRneae Khprqrided
descri bed nabioyfcd am&es&w&@m&m&& o9z, on i eﬁéxﬁlﬁ%eﬂlb&ﬁﬁa@&tsh&wﬁ%ﬁa' around

the fiber _ optic cable. g 10, 11, and 12 illustifate an exenplary

cri npi Kig 1&de @S’G“%&@EP“FB melyge alignmsntpips eztﬁnmtmﬂmsngﬁamf@ﬁm above. As
sheywn iabidiein 2 and a
sel ectively rueépt&agéte)ggz gfoi&?%tﬂgo&égﬁénd&;%%d &gﬁ%&%ﬁw@uﬁ i‘%‘? i ncl udes

a pl ur geling/fagsof t@m‘thrrpmb@ tempribator91 bES). Reltdimig dlpe9ﬁc&p)e$>ﬁﬂ1d’eatb id e rel ative

to the et her he_ crj npi ng
nenbersﬁjé‘f&g ara" urge unlsggfrEn Iil/eag%g&rrgg) #@g’?g’ﬂﬁ? TRl ARY S the die
151, t hewedmwabtf: feeminitoug Ot led €2 ﬂoljirbvaﬁt ehviWRenti] chitBnindds b h@fifthe di es 151

- can be sel nd 3 |ns aII Lnto crjnping tool 150 depending on the
desi re%on(??l g%%‘ﬁ?ge fgg e&?‘é Bthﬁlfo‘BV@a] camperirris obhe cennepir o0l 150 i s

K neown Aﬂgﬁﬂiﬁhtmeﬁﬂs’ﬂ i héld iBpdanidh 8Y & sliMPIR rdiiAPmEAR) WA ink SR BIEALsR! | Y
avai |l abl e. Because the crinp too}, 150 i s an o?nf t’he she)'s item ﬁf’g details

of it s®Sipstpiedy Thelyrng ?%ﬁq SRear speday hapets wakh dhe Qetuz I6tneay teer ei n.

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 cTimping
25  operations disclosed above. As shown in Fig. 10, the crimping tool 150 inchudes 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 toel 150 depending on the desired crimp depth, as discussed above. A
suitable erimp tool 150 is known in the industry as a Daniels-type crimp tool and is comumercially
available. Because the crimp tool 150 is an off-the-shelf item, the details of its internal

construction and operation are not described herein.




27 June 2006 -14 WHAT IS CLAIMED: 1. A hernetically seal ed” ¢88780% or for
joining at least two fiber optic cables, each of said cables including an
optical fiber, conprising: a center nenber having two extensions, each of
sai d extensions being cylindrical and coaxial, each of said extensions
including a first engagenent neans ampgl a first sealing neans, said center
menber defining a channel axially disposed relative to said extensions; a
first connector including a backshell, said backshell including a second
engagenent negasriscicamppenentary relationship with said first engagenent
means of a first one of said extensions, and a second sealing neans in
conplinmentary relationship with said first sealing means of said first one
of said extensionsj sai @Ln‘eﬁﬁeﬁ&anpgb@l@@%%otmjouﬂig@ae@td»erﬁwb@w&aﬁés and a
ferrule joined to said ferrule seat, said first connector including a
-cylindrical FPHﬁﬂm§6€w§FmF@Pﬁ@H“F8ﬂg@?GWW@FESE seat, said crinp socket

defining an axi al Qbéhfbﬂﬁ‘hnlﬁ&havh@@@éékteﬂﬁons&aaéﬂdfﬁdéxteﬁﬁénsﬁﬁﬁg@hﬁﬁbdle sai d
ferrul e seat deflnlng a hore IaC|n sal erru ein gn%ﬁlc tion with
?%ﬁﬂn

sai d axial ch&¥fagxial §%ﬁﬂfﬁ%¥ fire} caggeesin sai d

first fiber opkims, sﬁ@b&n&rﬁ&ﬁbeﬁﬁeﬁﬁhﬁh@:h&ﬂéidmﬁ]@ﬁfs%ﬂs&[ﬁﬁhv@%&m@é&mﬁ@mnl cation
with said first optical fibe met haod .nating a fiber optic

‘cable with a conneé@@quﬁﬂﬁﬁFW%ﬁ??fk@ﬂdP@Ba ingaeEp bl e, said
met hod conpri ﬁieﬁ@mtc&am&h@@@r@ﬁuonsmpm&gifastcéﬁgagameﬁﬂmxs@fmrme%ﬁsa@a fiber

optic cable; stri uter j acket fromsaid to exppse an inner
jacket; stri PHoH ggéﬁﬁh @ﬁﬁm¥WWm?W$¥WWQﬁﬂﬂﬁg g opti cal
fiber; provi dnbgs éf sﬁﬁlﬁf@ Bihet sditﬁéki;eﬂ@o@ <G ﬁfkﬁ&inﬂé’cto‘i hﬁl@mﬁg afdafk dt nar

e Pk S IR LD, B LUBE, L Sl connect o
connector sl esyret ﬁﬁl{e@toﬁsaild@erﬁm&t sai@ EﬂlﬂﬁJsoﬁ&t @e@hﬂgaﬁ A clRhReRerecuigg Sai d
connector slee " ﬁF g%rnetlcal sg&lggmg&to a fiber optic
Cabl o, said fEE: "Fh%‘&&% WBW@ SIE SR PISE8
: communication with said axial channel, said bore for receiving said optical fiber of said
first fiber optic cable and placing said ferrule in optical communication with said first
optical fiber. ’
2. A method of terminating a fiber optic cable with a connector hermetically
sealed to said fiber optic cable, said method comprising the steps of:
placing a crimp sleeve over said fiber optic cable;
stripping an outer jacket from said cable to expose an inner jacket;
stripping an inner jacket from said cable to expose an optical fiber;
providing a connector having a connector sleeve adapted for receiving said fiber
optic cable;
inserting a tube into said connector sleeve;
injecting epoxy into said connector sleeve;
crimping said connector sleeve onto said tube;
crimping said crimp sleeve onto said connector sleeve.
3. A feed-through hermetically sealed onto a fiber optic cable, said feed-
through comprising: '




-15 a feed-through tube having two cylindrical and coaxi alk?d%te?98f ons whi ch
defines an internal channel coaxially with said extensions receiving said
fiber optic cable; a sleeve positioned within said channel and around said
fiber optic cable which passes through the tube; said extensions being
crinped to bring the sleeve into sealing cgatact with the cable; an annul ar
fl ange di sposed perpendicularly to said extensions, said flange having an
annul ar groove; and an Oring disposed in said annular groove; a first

strain relief boot ;eRgaghid tiRihehiid A cyRRtirHcs A8 aRiaPREnEOCARidHleAndsl r St one
of said extensjons; and a second Strain relief boot engaging said fiber

optic cable afumismshehaprs! soasiallniib saithexteppionpicerivng eidibsraplic gables net hod of

installing a her nepkeaklpysitd Rihih 886 cidnhQ YaarBiHdQaid ﬁB&ngﬁc caBRtHcrCabl e,
conprising said steps OFZ placing a first strain relief boot onto said

fiber optic cBBFEMPERAIPY a feed-through having two opposed extensions,

sai d extensions defid BidGioRVbeindlcBmpa to®h; m%lsle&daeﬁtsséaﬁ%&macﬂﬂ&ﬁhéi ng a
er

tube into said_channel; inserting said fi optic cable into and through

sai d tube; crfA¥rng said extensions to engage and seal said tube against

said fiber optic Cabilar SAGAEsISedRIRndibdIfTy 18 blidkRerkBhd, 8fid RARE nhdna first
one of said extensjon and to said fiber optic cable; placing a second
strain relief 2hUBHaLHPYes#dd i ber optic cable; engaging said second strain

relief boot to a sarOmMigdRfosed insal dnfddr@RRV@N and to said fiber optic
cabl € a first strain relief boot engaging said fiber optic cable and engaging a first one of
said exiensions; and

a second strain relief boot engaging said fiber optic cable and éngaging a second
one of said extensions.

4. A method of installing a hermetically sealed feed-through onto a fiber
optic cable, comprising said steps of*

placing a first strain relief boot onto said fiber optic cable;

providing a feed-through having two opposed extensions, said extensions
defining an internal channel therethrough;

inserting a tube into said channel;

inserting said fiber optic cable into and through said tube;

crimping said extensions to engage and seal said tube against said fiber optic
cables;

engaging said first strain relief boot to a first one of said extension and to said
fiber optic cable;

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

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

said fiber optic cable.




