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Background of the Invention The present invention relates to a furcation
appar at usyipgydegaductors of a multi- conductor ribbon or Gl o2 Abdos
specifically, the present invention describes a furcation apparatus for
use with ruggedi zed fanout or furcation assenblies which use strength
menbers such as aramd fiber reinforcenents for |ongitudinal strength. 10
The present invention is described herein in relation to optical fibers of
mul ti-fiber ribbons or cables. However, it is contenplated that the
invention is equally applicable and useful for conductor types other than
optical fibers. For migeRhioN APPARLRYS YORRPIRIAE FIBEIES | Ped herein may
be used with el ectrital _conductors such as 1 cro-coaxi ar_conductors which
are part of a nulti-conductor cable. Therefore, references herein to

opti cal fibgrs 12 ggd oEthaI fi ber cables are also intended to include
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conponents for_use with fiber optic cables ich are easy to use and
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envi r onmastfuboranndocta@rtpsds gtlees klein opligli fihetd. YEor axahplenide furcatonmpastich as an
aramd fiper. is placed within the outer jacket fqr additional |ongitudinal
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The use of fiber optic cables in applications such as telecommunication networks,
cable TV networks, and data communication networks is well known. The advantages of
using fiber optic systems include a broader bandwidth for signal transmission and inherent

20 immunity to electro magnetic interference. Because of these advantages, the use of fiber
optic cables is becoming more and more common. Therefore, it becomes increasingly
important to have components for use with fiber optic cables which are easy to use and
manufacture.

The appearance of fiber optic cables generally resembles that of electrical cables.

25 Fiber optic cables typically comprise optical fibers and other cable elements which are
protected from the external environment by an external jacket. Typically, a strength
member such as an aramid fiber is placed within the outer jacket for additional
longitudinal strength in the cable. Alternately, the cables may be of a loosely bundled type
with the optical fibers contained loosely within the tubes or ducts in a cable core. Again, a

30 strength element such as an aramid fiber may also be included.

To make connections to individual optical fibers, tﬁe individual optical fibers must

be separated from each other for connectorization. Typically, each of the individually



be separated from each other for connectorization. Typically, each of the
individually 1 WD 02/093227 PCT/ US02/ 05604 exposed fibers is protected by
what is kwegroespeathe art as a furcation tube or fanout tubgT/usiysdal
furcation tubes consist of an inner tube for receiving the optical fiber.
The inner tube is surrounded by a strength nenber such as an aram d fi ber
and an outer jacket to provide environnental protection. It is both
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desirable if the furcation unit minimized bending of the individual optical fibers, as

bending may adversely affect the performance of the optical fibers.

20 Summary of the Invention

The inventive furcation apparatus described herein provides an easily used and
assembled apparatus for separating and protecting individual conductors of a multi-
conductor cable such an optical fiber cable or and electrical cable with multiple

25 conductors. The furcation apparatus does not require the use of encapsulants or
. specialized tools. In addition, the furcation apparatus described herein is compact in size,
both in cross-section and length, thereby permitting the use of the furcation apparatus in
areas of limited space.

In a preferred embodiment, the fufcation apparatus includes a furcation spacer

30 having a first end and a second end, with a plurality of passages extend through an interior
of the furcation spacer from the first end to the second end. Each passage is adapted to

receive an individual furcation tube of the type having reinforcing fibers. Each of the



In a preferred enbodi ment, the fur cation apparatus includes a furcation
spacer 30 having a first end and a second end, with a plurality of passages
extend t hivgu@hosnsi nterior of the furcation spacer from theg/fidonstcognd to
the second end. Each passage is adapted to receive an individual furcation
tube of the type having reinforcing fibers. Each of the 2 WD 02/093227
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spacer in a state of compression reduces the likelihood that the furcation spacer may

20 fracture in use. This greatly increases the mechanical reliability of the furcation apparatus.

Brief Description of the Drawings

Figure 1A is an exploded perspective view of the inventive furcation apparatus.
25 Figure 1B is a perspective view of the furcation apparatus of Figure 1 in an
assembled condition.
Figures 2-7 illustrate the attachment of a furcation tube to the furcation apparatus.
Figure 8 illustrates the insertion of individual optical fibers into the furcation tubes.
Figures 9A and 9B illustrate a preferred arrangement of furcation tubes within the
30 furcation apparatus for a 12 conductor cable.
Figures 10-14 illustrate the attachment of a multi-fiber optical cable to the
furcation apparatus.



assenbl ed condition. Figures 2-7 illustrate the attachnent of a furcation
tube to the furcation apparatus. Figure 8 illustrates the insertion of

i ndi vi dualvgoploesal fibers into the furcation tubes. Fi gurpes/§208649B
illustrate a preferred arrangenent of furcation tubes within the 30
furcation apparatus for a 12 conductor cable. Figures 10-14 illustrate the
attachnment of a multi-fiber optical cable to the furcation apparatus. 3 WO
]92/ 093227 PCTFigS]fb’ZI DB6Oskrspectiver ded Bf ile @sqmmmcbﬁmatm@ upitefyrestion figbeg 88énbl ed
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the I nvention shows an expl oded view of a furcation apparatus 10
for use ptdtdsctlaemdmber conductor cable (such as a nulti-fiber optical cable
or a multi-conductor electrical cable) 10 and individual furcation tubes.
Fi g.5 | B shows an assenbl ed furcation apparatus 10 w t hout any conductors or
f ur cat i ometdile8 DesddiRicnWiGkd InvBntigppar at us 10 i ncludes a furcation spacer
12, an index ring 14, a clanping ring 16, a transition region guard nmenber
ig _ ang a p[)i npi ng ring 20. For purposes of clarity, furcation apparatus

I s descri Y | abl es.
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For purposes of clarity, furcation apparatus 10 is described below only in reference
15 to multi-fiber optical cables. However, the discussion is equally applicable to multi-
conductor cables in which the conductor is electrical, rather than optical in nature.

As described in greater detail below, the furcation spacer 12 is used for mounting
the furcation tubes and routing and anchoring the reinforcing strength members (typically
aramid filaments or fibers, such as Kevlar™) from both the furcation tubes and the multi-

20 fiber optical cable. The furcation spacer 12 is preferably generally cylindrical in shape
and has a first end 30 and a second end 32. A plurality of passages 34 extend through the
interior of the furcation spacer 12 from the first end 30 to the second end 32. Each of the
passages 34 is adapted to receive an individual furcation tube. A plurality of channels 36
are formed on the exterior surface 38 of the furcation spacer 12, with a channel 36

25 provided for each of the plurality of passages 34. The channels 36 are of a size to receive
the reinforcing aramid fibers of the furcation tubes.

The index ring 14 is used to both organize and secure the aramid reinforcing
filaments of the furcation tubes onto the channels 36 of the furcation spacer 12. The index
ring 14 (retaining ring) surrounds the furcation spacer 12 and rotates about the exterior

30 surface 38 of the furcation spacer 12. Preferably, a band 39 is formed about the
circumference of furcation spacer 12 for holding index ring 14 in position on furcation

spacer 12. The index ring 14 covers at least a portion of each of the channels 36, and has a



interior of the furcation spacer 12 fromthe first end 30 to the second end
32. Each of the passages 34 is adapted to receive an individual furcation
tube. A plWwg@ldosx7of channels 36 are forned on the exterimenihsee 38 of
the furcation spacer 12, with a channel 36 25 provided for each of the
plurality of passages 34. The channels 36 are of a size to receive the
reinforcing aramd fibers of the furcation tubes. The index ring 14 is used
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may be made any size which is appropriate for the cable and fibers being used. Itis

anticipated that the dimensions of the furcation apparatus may vary widely depending

upon its intended use, and the figures provided herein are illustrative only. However, ina
20 preferred embodiment for use with the more commonly used optical cables, the size of the

furcation spacer 12 is in the range of about 0.7 to 1.0 inches long with a diameter in the

range of about 0.3 to 0.5 inches. The channels 36 are in the range of about 0.03 to 0.05

inches wide, with a depth in the range of about 0.10 to 0.15 inches. The index ring 14 is

sized appropriately to match the diameter of the furcation spacer 12, with the width of the
25 index ring 14 in the range of about 0.2 to 0.5 inches.

The furcation apparatus 10 is used and assembled as shown in Figs. 2-15, and as
described in greater detail below. In use, furcation tubes 50 are inserted into the second
end 32 of the furcation spacer 12, and the furcation tube 50 is cut to expose the reinforcing
filaments 52 within the tube 50. As shown in Fig. 2, the gap 40 of index ring 14 is aligned

30 with the channel 36 corresponding to the passage 34 in which the furcation tube 50 is
inserted, and the reinforcing filaments 52 are pulled and bent over the edge 54 of the

furcation spacer 12. As shown in Fig, 3, as reinforcing filaments 52 are further bent



may be made any size which is appropriate for the cable and fibers being
used. It is anticipated that the dinensions of the furcation apparatus nmay
vary w delwo @epsndi ng upon its intended use, and the fi guEsugpesdoded
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Although not required, the passages 34 in furcation spacer 12 are preferably

20 arranged so as to minimize any bending or crisscrossing of the individual optical fibers 60
as they are routed from the multi-fiber optical cable into the furcation apparatus 10. A
preferred arrangement of passages 34 for use with a twelve fiber optical ribbon cable is
shown in Figs. 9A and 9B. The individual optical fibers 60 are preferably inserted into
passages 34 in the order in which passages 34 are numbered in Fig. 9A. In this manner, as

25 seen in Fig. 9B, crisscrossing of the individual optical fibers 60 is avoided. In addition,
the circular cross-section of the furcation spacer 12 minimized the “footprint” of the
device, and therefore also minimizes the degree of bending required of the optical fibers
60 as they transition from the cable into furcation spacer 12. Of course, those skilled in
the art will readily recognize that a plurality of different arrangements of passages 34 may

30 be used. Those skilled in the art will also recognize that a similar arrangement of passages
34 and insertion order of optical fibers 60 may be used with any number of optical fibers

60, including the commonly used cables having 4, 8 and 12 fibers.



The above-descri bed process for installing furcation tube 50 is repeated
for each individual furcation tube 50 and its associated reinforcenent

f! | anent swaYo2/0ds2l each of the furcation tubes 50 and r gidAf@o8iEdD4
filaments 52 are secured in the furcation spacer 12 15 by the index ring
14, as shown in Fig. 7. After furcation tubes 50 are secured to the
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therefore alsqg mninmzes. t r f | DG ' 3 i cal
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fibers e comonly ed cables having 4, 8 and 12 fibers. 6
WO 02/ 093228bRCTNtHB0AL TBANdnts 64 tarses neesitltatit ¥orde againgps¢aval end B2 inthe0 are

pl aced in_their respective furcation tubes 50, the reinforcing filanents 64
from t he difepidn Ffirstedaifl e 62 are pulled through the open slots 66 in both

sides of the tp,a@aiiy b feRELRMhIMAEnEBIRE helfber bPEc 62K 62 bripiiled 6h
filaments 64 arre Itsdf?e% threeaded gtg%rourgljh t he cl ane“éiggcri ng 16 altjgd folcctjbgd

backs as csinging fing 26 afshysvn bOFig.112. Nehetcrimptieg ving A i arimppditphaldthes 64 of t he
i ber Optrieﬁlfc%gllr)llg%l%en 564 C1:r|1 P %Qee ié’."l‘%B and prevent them from slipping. Optionally, as
mentioned above, reinforcing filaments 52 may also be crimped beneath crimping ring 20.
Preferably, as shown in Figs. 14 and 15, the filaments 64 (and optionally filaments 52) are
again folded back toward the index ring 14, and a protective member 70 is placed over the
20 furcation apparatus 10. The protection member 70 may be, for example, a heat shrinkable
tube or a cold shrinkable tube as shown in Fig. 15, or a molded shell as shown in Fig. 16.
If protection member 70 is a heat shrinkable or cold shrinkable tube, it is preferable to
have a furcation apparatus which is cylindrical in shape, because a cylindrical shape
allows a more uniform bond with heat shrinkable or cold shrinkable tubing over the
25 completed furcation and transition area.

Although the components of furcation apparatus 10 may be made of any suitable
material, components except for crimping ring 20 are preferably made from a wide variety
of standard engineering polymer resins such as, for example, polycarbonate (PC),
polyvinyl chloride (PVC) or polyetherimide (PEI). While the use of such polymeric

30 materials provides numerous advantages, such as low cost, ease of manufacturability and

low weight, there are also associated disadvantages. The primary disadvantage is that

polymeric materials are inherently weaker in tension than in compression. One function



clanmping ring 16, thereby drawing clanping ring 16 tightly agai nst
furcation spacer 12 and anchoring the reinforcing filanments 64 agai nst
furcati onwgpaaes212 adj acent its second end 32. Preferablpgr/edoddkdong ri ng
16 and furcation spacer 12 have a wedgi ng engagenent. 10 As reinforcing
filaments 64 of fiber optic cable 62 are cinched, fiber optic cable 62 w |
be seated in the proper position within the guard nepber 18. It can now be
seen t haof ﬁﬂmnonrappamtus ap Ilﬁatoréfenfl‘ml}a linky of spligadhe rsindorcing fdaments pa ofiicant
force agal nst r.ef erably,
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back t owaesbntlead B2dad temsmg oh4abla mdnﬁarqangtﬁmevmm@ra reguliant glra‘t ed over
the 20 furcation 1 The 0 rrerrber 70

ex arrpl e, agaiRgsec qnaé 1{?83016?P’5a1£ quﬁk%%‘luga?eﬁgglxﬁen%is%l% inFig.
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Whil e the use o meric 3 al s provides nunerous advant ages,
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effectlveﬁg l'tnk or splice the reinforcing filanments 64 of the



mul ti-conductor cable 62 with the reinforcing filaments 52 of the furcation
tubes 50 to maintain the tensile strength reinforcenent around the opti cal
fi bers 60woARdeReri bed above, reinforcing filanents 52, fg4/edoe080¢hor ed
to furcation spacer 12 such that tension 5 on reinforcing filanments 52
causes a resultant force against first end 30 in the direction of second
end 32 and tension on cable reinforcing filanents 64 causes a resultant
force aydansdclaeedid end 32 in the direction of first end 30. Thus,

simul taneously tensioning reinforcing filanments 52, 64 will result in a
conpressive force within furcation spacer 12, thereby greatly reducing the
possi bi l ity ofa fagidh apparsaefioptidalitRes, theidpparafid compriantgant ages of the
above described furcation apparatus 10 are numerqus, The furcatjon
appar atus 10 aduicstien spacerrhganngA fgt endeand e *?Wﬁ“ﬂgwh?qe%ﬂlﬂl?hg‘é? 64 in
channels 36. The fur i 10 0r : hadi Wi tical
fibers 60 from micP ossggécf eg(ﬁ%@ﬁ%%ggl?\gl? hg vﬂ%iogh%magglg?%da&gieﬂ?%gﬁigﬁ or mance
of the optical fibenstoiheaefomdeatlj o cacippiihaplsality ofpassagasdas s a
conpressive stress in furgation sFacer 2.to | esse sibility of

t .,- 15
fracture. The i nveSPTERORHBES B PRy EECROTS %\ec?ﬂgﬁguer%t?? 55’5%%3/ furcation

appar atus whi ch is Jytdy, gpiy @%&Hseéda aliky rdpReal furgtian hibebagngechani cal |y
reliable. 8 WD 02/093227 PCT/ US(U2/ 05604 What is claimed is: 1. A furcation

appar atus for opti cebfdrcipgdiberst he apparatus conprising: a furcation spacer

having a first end and a second..e e p ' i es

ext &hd t hr oughf™d e?‘ﬁ?“&slugipu%&n %%Ecpﬁgfg%aﬁ&s%gcégyéﬁ%%g 1gnf% frg%%s(ﬁgnd to
the second end, andh&aghndb id e flcutied ifayerpihqindeages hindag a gag extewdipgndi ng
channel on an exterior surface of the furcation spacglrs,t'hgg\%%rej n ea?h

passage is adapt ed theye flwpughyin perallel abgmemnt pihdhe chang SPOEAg P ber s:

10 an index ring s L cation spacer and covering a portion of
each of the channleél%é&ll{ﬁgmgat&%%ggt |r’on spacer, the index ring having a gap

extendi ng t hes@arhipinguiply adaptpdtatigape tleisgromdrend wif the futeatiomspaget;s, the i ndex
& nglls rotates aagir)ucétlrJ mtetrlll%elf Ilfarv(fr?gt :!1 gpst 2&? ?o? r1réceiving a multi-fiber optical cable and a
second end for mating with the first end of the furcation spacer; and

a crimping ring for crimping on the first end of the guard member.

2. The furcation apparatus of claim 1, wherein the furcation spacer is cylindrical in
20 shape.

3. The furcation apparatus of claim 1, wherein the guard member is conical in shape.

4. The furcation apparatus of claim 1, wherein the guard member is in interlocking
25 engagement with the furcation spacer to prevent relative rotation between the

guard member and the furcation spacer.

5. The furcation apparatus of claim 1, wherein the clamping ring engages the second
end of the furcation spacer in a wedging manner

30
6. The furcation apparatus of claim 1, wherein the length of the furcation spacer is

less than one inch.



a clanping ring adapted to engage the second end of the furcation spacer;
15 a guard nenber having a first end for receiving a nmulti-fiber optical
cabl e andwa o2a@snnd end for mating with the first end of tgrg/fidenesdoison
spacer; and a crinping ring for crinping on the first end of the guard
menber. 2. The furcation apparatus of claim1l1l, wherein the furcation spacer
is cylindrical in 20 shape. 3. The furcation apparatus of claim1, wherein
the guard nenber is conical in shape. 4. The furcation apparatus of claim
1, whereipn th ard. nenber . i s d n.jnt } ETeTTpeToRERTY he
furcatio 'spai@gﬂFgﬂb é@@??“?éﬁg P@Q’S@#% |ogq%g%a£§ﬂ£&he ggg%%hﬁgﬁ%ér and
the furcati onigpaaarn.s mchdhe furcation apparatus of claim1l, wherein the

cl anping ring engages the second end of the furcation spacer in a wedging
manner 30 6. The furcation apparatus of claim1l, wherein the length of the
furcation spaggp ﬁ!lréatidneﬁ% FRALRBm! 1N Wherchh O RRAOSBAEerHfal/1DPaREE&004 7.
The furcation apparatus f'11 claim1, wherein the furcation spacer has a
dianeter of 1less than 0.5 inches 5 8. The furcation apparatus of claim1,

wherein the fyrcation spacer h 12 passages. alhe f i ar at us
of clai m’1, \Aﬂi‘?gﬁ“ﬁatﬂ?{’egﬁpﬁ?%?aﬁ?ﬁm%laéﬁiweﬁ%%eg ﬁ%ts}%lggjeag&&%g%agg ‘urcati on
apparatus of claiml1l, wherein the furcation spacer has 4 passages. 10 11.
The furcation apparatus of claim1, wherein the furcation spacer is nmade of
a pol yndfi c riedwication apparatus efrcdaim b wvhepahetiication spacetliasd RIFSAERE type
having a plurality of conductors and 15 reinforcing fibers for

Ionb(?tudi nal strength, the apparatus conprising: a furcation spacer having
a first and amhedusesonshrardus eidaim plwleadin the fofcafias spegesisexaderndiang t hr ough

an interior of the furcation spacer from
polymeric material.

12. A furcation apparatus for a cable of the type having a plurality of conductors and
15 reinforcing fibers for longitudinal strength, the apparatus comprising:
a furcation spacer having a first end and a second end; and
a plurality of passages extending through an interior of the furcation spacer from
the first end to the second end, wherein each passage is of a size sufficient
to receive a furcation tube having reinforcing fibers, and wherein each
20 furcation tube is of a size sufficient to receive one of the plurality of
conductors of the cable;
wherein the furcation tube reinforcing fibers approach the furcation spacer from
the second end and are anchored adjacent the first end, and the cable
reinforcing fibers approach the furcation spacer from the first end and are
25 anchored adjacent the second end, such that tensioning the furcation tube
reinforcing fibers and cable reinforcing fibers places the furcation spacer

under compressive stress.

13.  The furcation apparatus of claim 12, wherein the cable reinforcing fibers are

30 anchored adjacent the second end by a clamping ring.

10



the first end to the second end, wherein each passage is of a size
sufficient to receive a furcation tube having reinforcing fibers, and
wher ei n ea@2403hHurcati on tube is of a size sufficient to pEaggoyesdne of
the plurality of conductors of the cable; wherein the furcation tube
reinforcing fibers approach the furcation spacer from the second end and
are anchored adjacent the first end, and the cable reinforcing fibers

ag_pr oach lﬂﬂe fltie Garcitim apparsérs dfickmt3e wheteit the slmpipe BRg eBEgeetBA seend

adj acent the seco nd,..su T ensiopning.the furcation tube

rei nf or ci ng fFB%PQ%Q%HC?§§ %Q?%ﬂﬁ%gFﬁﬁﬁﬁT'TS%?s pl aces the furcation spacer
under conpressive stress. 13. The furcation apparatus of claim 12, wherein

the cabl e.rei gf gr.ci ' !%8 a adhiacantordine rdesanrd end by a
clanpipgqﬁinga%igﬁﬁ@gﬂgﬁggﬁéfgﬁg §o§?§§%§%e %Z.gﬁﬁerﬁﬁggation appar at us
of cfaim13, vhegedbetwenthadpmpingrimgndigaijestionepsecond end of the
furcation spacer in a wedging manner. 15. The furcation apparatus of claim
1?, wherein the cable reinforcing fibers are 5 clanped between the

cl anpi ng 1l N9 BAGu{hEof MPaRIhOST SRACEY, whifein Jdt8 Jfticsitiatity GfR8agtsasef
claim 12, wherein eac% %ﬁﬁthe plurality of passa e;g?as 21 corf%sppnding
](c:hannel on an cemtspondingsharinet en eft cxtigor wirfaes phihe Syaelian spaper fRIEFIVIAHE  t he
urcation tube rginforcing fibers...10 17. The furcation apparatus of claim
16, wherein aE&“’eﬁ‘é‘?%ﬁoﬁgul?‘%r‘?ﬂif%r&}’@rfébfrst‘he furcation tube reinforcing fibers
withyn the channels. 18. The furcation apparatus of claim17, wherein the
retaining ring is an index ring. 15 having,a gap extendi ng therethrough,

t Pe ﬁapf i pa?mqfétcaapm apieEREs off (M He Wherrim A &ptainmeg Ting Segiies frefuwe %g

of .the furcati ' i 'gﬁﬁ? i.;nto one of the plurality of
channel s. 19.t$%%eﬁ§§%% @%9%%@252%55 0 efg'laimlz, wherein the conductors
are optical fibers.

18.  The furcation apparatus of claim 17, wherein the retaining ring is an index ring
15 having a gap extending therethrough, the gap in parallel alignment with the
channels for allowing passage of the furcation tube reinforcing fibers into one of

the plurality of channels.

19.  The furcation apparatus of claim 12, wherein the conductors are optical fibers.
20
20.  The furcation apparatus of claim 12, wherein the conductors are electrical

conductors.

21. A method of furcating individual conductors of a multi-conductor cable, the cable
25 of the type having reinforcing fibers for longitudinal strength, the method
comprising:
providing a furcation spacer having a first end and a second end, the furcation
spacer having a plurality of passages extending through an interior of the
furcation spacer from the first end to the second end, wherein each passage
30 is of a size sufficient to receive a furcation tube having reinforcing fibers,
and wherein each furcation tube is of a size sufficient to receive one of the

plurality of conductors of the cable;

11



20 20. The furcation apparatus of claim 12, wherein the conductors are
el ectrical conductors. 21. A nethod of furcating individual conductors of
a mul ti-coppabenscabl e, the cable 25 of the type havi ng gcainoonsdong
fibers for longitudinal strength, the method conprising: providing a
furcation spacer having a first end and a second end, the furcation spacer

having a plurality of passages extending through an interior of the
furcation spageidifg thenfurhaticn tnbe regnfarcing fihess Sewohe sewand epghet e furgalin passage
30 is of a size sufficient LV f [ UheRay kher el nforci ng
fibers, and wherefR*%€a Olf%ﬁ%‘égigsgé e?ttfgtehe:ﬂsrgtge%hg@glieze s?u?l;{:slgb?gﬁt to receive
one of the plydin g)th@furmil@dlﬂ@dm'ﬁlfﬁﬁin‘glfmetseddﬁa&ant]tﬂte A6t 6ad 005227

PCT/ US02/ 05604 gui ding the furcation tube reinforcing fibers fromthe
second end of the ficadN P¥Cerspacer through the passages to the first end
of the furcatipmn; : Eih P Gbll Grobt e bt QAd o BR fufalbR EsicBbtofthber s
adj a%ent t he |{raété)%%§5%1?%?ﬁ§9 1?% cati Sn spager; 5 guiding th%‘ cabl e

rei nforcing fibers stcamhenfief flierfatcatomispatert he furcati on spacer to the

second end of the furcation spacer;_.anchoring,the cable r 'q{gr ing fibers
adj acent the @B@zﬂwgéﬁﬂcaé’?ewﬁgm%%f%%ﬂ“sea thgSECaRa &, giorflﬁ-{eenmgé\llpng t he
furcation tube reinphgdging fibers and cable reinforcing 10 fibers
conpresses the furcation spacer. 12 ) ) ) )

wherein tensioning the furcation tube reinforcing fibers and cable reinforcing

10 fibers compresses the furcation spacer.
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