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Applications The subject matter of this application is rélated to-the
subject matter of co- pending U S. Application No. 08/662,720, filed June .~
7, 1996, which is incorporated herein by reference. Statenent of Federally
Sponsor ed Research and. Devel opnent 10 The U. S. governnent has a
paid-up license in this invention and the right in limted circunstances to
require the patent owner to lic @mwrm as
provided for by the terns of wmf > 70NANB4H1521
awar ded by the Natjon nstituheey;)f ga dar.ds and Technol ogy "NI ST). 15
Background of #heGrassRe cg to Related APRUCAUPNS o1t i on The invention rel ates
to cable protectors, and nore particularly, to jacket- type cable
protectors that at |eaSthesabjectanstierofthisapplicationisi relates tiojthe subject mastes of no-
20 2. Descrption of- Related Art Light-transmtting fiber optic cables enjoy
a variety of uses pandingis.i Ayplication No 081662, 020, filed) furef 7, 1996, whioh i .

Tel ephoni ¢ conmuni cations, conputer data transm ssion, and | aser

applications are %&%r%aweﬁby&ﬁf}rﬁag nunber of uses is rapidly
e s smll siz

I ncreasing. Fiber optihc ca e and high- 25 quality

transm ssion charggteristi re,of, cours er dv ageous and desirabl e.
oA fai Ty commomtaigmeatpf FedirAE SpPnered Restarch anDErIGRBERL i cua

0 gﬁ,ro s are plgged si de-hi1rsdgoveinerit tad hipidhip fiéchse il thIivéaition nd WY right

in limited circumstances to require the patent owner to license others under
reasonable terms as provided for by the terms of Cooperative Agreement Award
No. 70NANB4H1521 awarded by the National Institute of Standards and
Technology (NIST).

15 o

B#ckground of the Inveniion
The invention relates to cable protectors, and more particularly, to jacket-
type cable protectors thaf at least partially surround a cable to limit its movement.
20 2. Description of Related Art
Light-transmitting fiber optic cable§ enjoy a variety of uses and
applications, in a wide range of technologies. Telephoni§ communications,
computer data transmission, and laser applications are a few examples, and the
number of uses is rapidly increasing. Fiber optic cable’s small size and high-
25  quality transmission characteristics are of course very advantagéous and desirable.
In a fairly common optical fiber configuration, a number of individual

fibers are placed side-by-side in a relatively flat ribbon cable, for example a 20-
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PCT/ US98/ WOL®B630% | her ri bbon cable. The ends of the fiber EFTUSIYAISR2-
i nto. connectors, for attachnent to e.g. mai zframe conput ers or other
devices. I'n one particular application, adjdcent individual fibers are
sandwi ched between two tape layers to formthe ribbon cable. O course,

round cabl es and,,cahkl.es of,ot.ker [ . fa. QLI at i al so
‘avai l able. Fi besibgf)f‘*’ﬁmb?yees sﬂ%??’gm eﬁrrb%Flgfer‘ggeg&Hi'g% %%%ﬁs?ﬁqy,

all owi ng themto be manipul ated and rout ed between and ound var | ous

devi ces and/ or d@achmentdo e\g Mainirame @W@‘%W%&ﬁ“ﬁ’%%ﬂé’?@ opti cal

fibers by e.g. bending or twi sting can cause severe physical damage, e.g.
Ling p

fatigue or brealapphcation adjacentindividuakfifers arelsandwiched betaween two tdpetlayass to

Transm ssion degradation, such as power attenuation, bandw dth change,
etc., also can qafnthe fistoRvdblRy Ofitoulse, tound cables amicabldsiofdtier geometrizpeed,

and/or |ight wavel ength, even mninmal tensile stress can adversely affect

the cable. Strai ' %i@h ptical fiber cables are known in the
art. US 15t5 ﬁé{\éﬁ%ﬂaﬁéﬁfﬁéﬁﬁg !eg Repta etal ., for exanple, which is
conneeti on to the badBcRPHGrostie BB dpmeEstEih Hahisbuith AEHALE flemerbodes
a nunmber of engaging spaced ribs; which limt the m ni rumbend radi us of
the fiber optic mampuated anécouted betmesn and around yarieus deyicep andior obstadles.
connector. U.S. Patent No. 5,094,552 to Monroe et al., 20 which is-~

i ncor por at ed herfgbvwely, it i welblawavn thabssessingioptical fibets'ta e)g.behdiak ofewisting f or
coupling a fiber optic cable to a connector. The Monroe strain-relief boot

LS o1 A004A a5l Bt S B My g
I nco " p'o.r at edmhe rﬁe? pgglsage of time. Transmissii_m degradation, such as power attenuation,
bandwidth change, eic., also can é'cr'.:ur. Depending on the type of fiber,
transmission sﬁeec_l, and/or ligﬁt ﬁravelength, even minimal tensile stress can
adversely affect the cable. . |
| Strain relief systelhs for oi)tical fiber cables are known in the art. U.S.

15 Patent No. 5,390,272 to Repia et'al,, for example, which is incorporated herein by
réference, shows a strain relief sheath for connection to thg backside of a fiber
optic connector. The sheath includes a nuinber of efxgaging spaced ribs, which
limit the minimum bend radius of the fiber 6ptic cable in the vicinity of its
connection point to the connector. U.S: Patent No. 5,094,552 to Monroe et al,,

20  which is incorporated herein by reference, shows a similar strain-relief device for
coupling a fiber optic cable to a connector. “The Monroe strain-relief boot
includes a staggered series of openings, with interlocking tongue-and-groove

connection elements. Finally, WO 9309457-A1, which is incorporated herein by
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annul ar or, helical circunferential grooves tg limt the maxi num bend
radi us. These prior art devices suffer a nunmber of significant
di sadvant ages. For exanple, the disclosed sheaths are not well-suited to

limt twsting rifeemde disblobes ari Syticaliser!shiedth havihg anndi@est Helicdl ltircambfdréntial om

one device to another In sone environments may require tw sting, which

ri sks stressing %113 ﬁ@@lﬁgﬁ %Hﬂ éhd dadius! r engt h and/ or

| i ght-transm ssi®©n characteristics Ee prior art devices either allow
unrestricted tw sting,fo occu t such% sti

manner that coul d pl agg aﬁ&?r‘ ?’I‘f’emf'f' %mﬁ*ﬂ?wﬂg&ﬂg vﬁa"t'hi n
the 10 sheath. Thus, prlor art sheaths are either inconvenient to

mani pul ate or suexample,ith disgloged sheaths pemnatwell-suited todimitiovistingmoyerentof
di sadvant age of the pri or art exists in that the sheaths nust slide

| ongi t udi nal lsy ouerunubﬂyxﬁ%baﬂe.ope&sdingﬁm cablifrdm oné devies foaiotherdn some
connector(s) in order to be used. Thus, installing the sheat hs requi res

"t hreading" 15 onftientsia: x‘gq’&rwﬁ:s ﬁ%‘ﬁﬁchﬁbﬁitﬁ%& P

requi res renoving the connec romt cable, cutt the ca
cutting the shea whi.c rse. di p u e connec ces
and) of damages. + R pod e S PO hSrat ity em%%m
designed for round fiber optjc cables I nst ead of the flat, ribbon cables
preferred i n nangllay ungestristed twisting to oceur, jof prevent BIchitwistias moysmeatindges, a
need has arisen for a cable protection device that allows bendi ng and
tw sting but |innasnénthattcomidplecemuecstrdin anithedibers within thasaplé withialthat i on
and renoval , and accommpbdates flat ribbon cables. Summary of the Invention

10  sheath. Thus, prior art sheaths are either inconvenient to manipulate or

susceptible to dmage upon twisting.

Another significant disadvantage of the prior art exists in that the sheaths
must slide longitudinally over the fiber optic cable and/or the associated
connector(s) in order to be used. Thus, installing the sheaths requires “threading”

15 the sheaths onto the cables. Similarly, sheath removal requires removing the
connector from the cable, cutting the cable, or cutting the sheath, which of course
disrupts use of the connected devices and/or damages the underlying cable.

Finally, the prior art devices are deeigned for round fiber optic cables
instead of the flat, ribbon cables preferred in many situations.

20 In view of these disadvantages, a need has arisen for a cable protection

device that allows bending and twisting but limits twist angle and bend radius,

allows easy installation and removel, and accommodates flat ribbon cables.

Summary of the Invention
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4 To over (WOP8BG9di sadvant ages descri bed above, a control jpaIkEsesaziser-di ng -
to enbodi ents of the invention houses a line, such as an optical fiber or
fiber optic cable, and imts the anmount of 4pot h bendi ng and tw sting
novenent inparted to the line. A mul ti-di mensional matrix of engagerrent

el enments 5 subst ant t.al I cov +he Line, ,an luralit ps
separ at es adj acent enJg vgntagedﬁpgmﬂﬁra?) ngr &?Sﬁ?qs engage

each ot her upon bendi ng and tWI sting . .myvenent of the j acket Thi s
engagenent | i ni tascordingto embndiments of thg inveatiomhauses g hec, sugh as ag pptical fiber
preventing danage to the line. According to one enbodi nent, the matrix of

engagenent el eneatﬂ)etﬁpﬁtosﬂlqdndﬁmimwmom{tofbmﬁlbmdingahdltwisﬁng\djmmht
engagenent elenments in the sane row and/or the same col utm engage each

ot her upon twi Stm 6hﬁﬂnéch%uﬁﬂ&§fﬂéhmbﬁﬂ%ﬁﬂx8feﬁ%3§ehéﬁ@émérﬁs an

out - of -pl ane dir According to one enbodi nent ngi tudi nal |y

ol arveni ng. ap@#&ﬁéﬁ %ggféié#f@% A Bt o of %ﬁaﬁ%ge%%%%ﬁﬁéée“ﬁﬁmme

jacket along its |on | on and in-p]ane transve adj acent
engagenent el emeﬂ?@ F° &%H‘”ﬂéﬂ epleeﬁsmas L°ﬂlz‘§ﬁ9€¥g ing,8td v eni ng
gaps and engage each ot her upon out-of-plane bendi ng of the Jacket al ong
its in-plane tratwistingseoviment of the jacket!i This engaggmentlimitethe uitimatg bending and

el ements engage each other upon in-plane bending of the jacket. 20 -

- Accordi ng to anofwistn € fackdt, prieQeritin F@&hﬂa@@toiﬂ&meaCket can be opened

along its | ongitudina rectlon to all ow application or insertion onto the

fiber optic cable or R%k't&%n@%ﬂgdxﬂ{eﬂﬁ?ﬁé&%nx%f’@nh@éérﬁ’entEf&ﬁieﬁ{éket can

be closed along

10 includes a number of rows and columns. Adjacent engagement elements in the
same row and/dr the same column engage each other upon twisting of the jacket
and/or bending of the jacket in an out-of-plane direction. According to one
embodiment, longitudinally adjaceni: engagement elements at least partially close
their respective mtervemng gaps and engage each other upon out-of-plane bending

15  ofthe jacket along its longltudmal direction, and m-plane transversely adjacent
engagement elements at least partially close thexr respective intervening gaps and
engage each other upon out-of-plane bending of the jacket along its in-plane
transverse direction. Addiﬁonally, adjaceni engagement elements engage each
other upon in-plane bending of the jacket.

20 Act':ording to another aspect of the invention, the jacket can be opened

| along its longitudinal direction to allow application or insertion onto the fiber
optic cable or other line being protected. Similarly, the jacket can be closed along

its longitudinal direction for securement of the line within the jacket.



its | ongitydi irection for securenment of the line within | acket .
W0 o8] 365080 sHRss0l bciisdsbas

PCT/ US98/ (2182 According to one enbodi nent, §he structure allow-ng the
openi ng/ cl osi ng novenent includes first and second zi pper fasteners .
extendi ng al ong opposite sides of the jacket. The jacket according to this

enbodi ment conpri ses {AMoRiiNg ot enibidike e Strh &8RS AlfodWing ﬁiefiéﬁin%/
whi ch are engaged and di sengaged by 5 the zipper fasteners not her

i pper Tast ener ABVBPORndiRs A7 ERGH el Al ac%éé'**ﬁﬁédﬂg?€§§€@$&*e e

each other. The I|ne 0 be protected can conprise a ribbon cable, for
exanpl e a fiber of the jackst. (Hha jacket accasding £9,this embegdiment camprises Jednet ry,

and/ or electri cal I y 10 conductive wire of various geonetries, to nane a

few exanpl es. Ac portitinagfor exarhple ientichl half poitionswhich ateengaged-and disengagediiye

and cl oseable along its length, the jacket is attachable to the |ine at

randonl y accesseehesip gﬁr:&sﬁm Ahgthercdtiddiméttusés Giily bite Hippecfdstegeriwitlpver
the end of the I|ne the jacket can be appli ed to provide protection

zgngin%gpglrnt vmals'?l n |s an cébﬁa{teg{éwe?ﬁae#ﬁ %ﬁ@genégé?ur%%?’% ?&g

i nterconnected jackets can be disposed along the line to protect a line of
any |ength. Acco™ GSRegt toeach nbodi nent, a protective covering for a
line, such as a data transmi ssion line, | ncI udes two relatively novabl e
covering portions. ma‘l@dmet@bspeotg@e@mm agihbon sablefor example aifibar and

| ocked to the other of the covering portions, along substantially the
majority of the pptit aibbow cable)adibengpticléablecofuthéronrtry] amiforcsiectritaligeabl e

Wi th respect to each other as needed to accommodate their

10  conductive wire of various geometries, to name a few examples. According to the
embodiment in which the jacket is openable and closeable along its length, the
jacket is attachable to the line at randomly accessed points along its length, not
just by threading it over the end of the line. Thus, the jacket can be applied to
provide protection at any point along the length of the line where potential

15 damagedueto bendiﬁg or twisting is anticipated. Further, with one embodiment,
multiple interconneﬁted jackets can be disposed along the line to protect a line of
any lenéth.

According to another embodiment,' a protective covering for a line, such as

a data transmission line, includes two relatively movable covering portions. One

20 of'the covering portions is received within and locked to the other of the covering
portions, along substantially the majority of the protective covering. The covering
portions are slideable with respect to each other as needed to accommodate their

relative motion during bending and/or twisting of the line. At the same time, the

covering portions remain locked to each other and are not readily separable.



rel ative notion during bending and/or twsting of the |line. At the sanme
time, theWO9%863% portions remain |ocked to each other andP&TEUSB02182adi |y -
separ abl'e. WO 98/ 36309 - T o
PCT/ US98/ 02182 6 According to one aspect of 6t his enbodi ment, one of the -
covering portions includes a plurality of latches for slidingly engaging a
protrudi ng portipn opn the opposi.t overi rtio The coverin of tJ4 ons
of this enbodi rre‘?ﬁméﬁ“%t]‘? o et this W@P@@Eﬁgé’&e 2Rt “é'ﬁﬂ%@?fé’ﬁ’ﬁ’ ineludes < ,
to provide greater flexibility while still 5 limting the ampunt of,

per mi ssi bl e benc phatelitypfdatchesfor slidingly engegings protrudingRosdon A theappogite
connector of the line is tapered, to acconmpdate a correspondi ng taper in
the line. Final lepvesimgportionh&he coesringmportiorsi ofithis embbddinzent glso includédoles
plurality of stop nenbers, for limting the anmount of |ongitudinal slide

bet ween the covejetigenfidcet nghiient Seftidhtsy tPprobit gReftbrotdxbityehiRsting. 10

Brief Description of the Drawmngs Preferred enbodi ments of thé invention

wi || be descri bgd .wi r . ' et i ' . nce
nuneral s dendt e%ﬁ%&@}ee cﬁﬁ@%fé%gﬁ@l%&%ﬁﬁ%& %%‘Qélfﬁée?g%g%ﬁﬁpve Vi ew
of a control jacket ,according to ar}éeS, e_nbo%i&r;ﬁnt of the,invention; Fig. 2
is a close-up p&OYBHRS NGAE a,oBYSCHAr qtithe ling,is tapered, t0 apcompedate a goresponding o
perspective view of a portion of the Fig. 1 control jacket; Fig. 4 is a
perspective vi evapdr in thediner Hingliycore: ofithe conpring tpattions|preferphlydinelndessl enent s,
according to an enbodi nent of the invention; 20 Fig. 5is a ~
perspective Vi evploralify sFafdy Membérskfor lidtitig the dmowhtséfiangifiidinabislide between

the cdveﬁng portions upon assembly of the protective covering.
.10
Brief Description of the Drawings
Preferred emﬁodiments of the invention will be described with respect to
the figures, in which like reference numerals denote liké elements, and in which:
Fig. 1 is a perspective view of a control jacket according to an
15 embodiment of the invention;
Fig. 2 is a close-up perépective view of tﬁe Fig. 1 control jacket;
Fig. 3 is a perspective viéw of a portion 'of the Fig. 1 control jacket;
Fig. 4 is a perspective view of a control jacket having octagonal
engagement elements, according to an embodiment of the invention; |
20 Fig.Sisa pers;;ective view of a control j acket bent and twisted into a
| desired shape, according to an embodiment of the invention,
Fig. 6isa persﬁecﬁve view of an alternative fastening mechanism

according to an embodiment of the invention;



desired shewg 0836369 di ng to an emnbodi ment of the invention;
perspettive view of an alternative fasteni ng mechani smaccor

enbodi nent of the invention; W8/ 36309 71
PCT/ US98/ 02182 7 Fig. 7 is a perspective view of a control

di|~ d/oili’z_

ngto an

j acket portion

according to an alternative enbodi nent of the invention; Fig. 8 is a
cross-sectional view oFig Mds &perspettive viewodf 3 earitsdl jacketportipamecbrding to an
configuration; 5 Fig. 9 is a cross-sectional view of- the Fig. 7

contr.ol Jacket | Nalferfatieethbodithdm of 8iel ifVentiohd. 10 is a cross-sectional view
of a control jacket Iin a straight configuration, according to an enbodi nent

of the invention; Fig. gllel: V4 0 r ol
jacket in a bent 10 co Sdfsﬁéﬁgé%@??‘é#‘%ﬂ“#ﬁm‘é%’é‘wﬂ%ﬁ{"'g&g’l?ée%%

i nvention; Figs. 12-14 are cross-sectional views of gaps between engagenent
el enents of a con€® %@K‘ét, according to enbodi nents of the invention;
Fig. 15 is side view of a gap according to an enbodi ment of the invention,
for describi ng bend r aHig.9 isakmsk-aedtional viéw of the Fig. Ficgntrdladket in adosgkct i ve
view of nultiple control jackets connected together end-to-end, according
to an enbodi ment gg fationyention; Fig. 17 is a perspective view of a
control jacket according to anot her enbodi ment of the invention; Fi g. 18 is

a close-up perspectivegy qy;of c}oggsfdu%nﬂuevgg?awkﬁbﬂm& in a straight

configuration, according to an embodiment of the invention;

Fig. 11 is a cross-sectional view of the Fig. 10 control jacket in a bent

10  configuration, accbrding to an embodiment of the invention;

Figs. 12-14 are cross-sectional views of gaps between engaggnient

elements of a control jécket, according to embodiments of the invention;

Fig. 15 is side view of a gap according to an embodiment of the invention,

for describing bend radius calculation;

15 Fig. 16 is a perspective view of multiple control jackets connected together

end-to-end, according to an embodiment of the invention;

Fig. 17 is a perspective view of a control jacket according to another

embodiment of the invention;

Fig. 18 is a close-up perspective view of the Fig. 17 control jacket;

20 Fig. 19 is a close-up end view of the Fig. 17 control jacket; and

Figs. 20-21 are close-up perspective views according to an alternative

embodiment of the invention.

Detailed Description of the Preferred Embodiments



20 Fig. 19 is a close-up end view of the Fig. 17 control jacket;"
and Figs. _zftpgmp% cl ose-up perspective views according to WAL v e
embodi nent of the invention. Detailed Descrigtion of the Preferred :
Enbodi nent s WO 98/ 36309 -
PCT/ US98/ 02182 8 Enbodi nents of the invention apply to a variety of

t echnol ogi es. For exa d-"?glg& | éﬁo el g&wiu%&ti can
protect individual op%‘gﬂ | erag{hoelr [ e?sﬁg&gége@gﬁeﬁ?%ﬁa un e'o?&cabl e.
QO her wire-type or cable-type ﬁonduct ars argﬁ%al sSo. protectabl.e,. equgl c%gf)er
wiring Even 11 ui SMRBIR<GALE Fokets gecordimg o dh iveutidf gap protestindividudl ept
pneumatic lines, or flexible circuitry can also be protected. The term
"line" will be uﬁbmmrﬁbegmgupmgmdiamgabl¢.00tlmremrempc necablertypear i et y

of fibers, wres, cables, hoses, and other devices that can be protected

accordi ng to the condisedrsare alsagrotenible, et soppenwirings Eveh il wamsmision lines,
surroundi ng them 10 - Al'though control jackets according to the

i nvention arespaghiCad Rited, K@tautic Bi"taﬁ&ﬂmftﬂ:r 1ide§,fkﬁ§ﬂe§mﬂé «tslﬁcgggf &dif also be

rectangul ar aspect ratio, the invention conterplates o I ne geonetries
as well. Moreover, e digents of jhe,invention can be used.in,a nu of
physi cal environ %F‘gg&i ngbm'g"ﬁen}"@l i—’%B ‘}“EE‘BPMSEPP@}%?O%H [fg'?r&jggge
such as buildings or fusel ages, underground, and under carpeting, for 15
exanpl e. Thus, aMddRVaetEebibersovires, Gibles, hoses, and other dgvices ghat ean be protected

described with respect to fiber optic ribbon cables, the invention is“by no
means |imted toatéordingdoithelinvention, and, optionally, any insulating elements surrounding

them.

10 | Although control jackets according to the invention are particularly well-
" suited for lines having a flat, rectangular aspect ratio, the invention cqntemp]ates
~ other line gmmﬁes as well. Moreover, embodiments of the invention can be

used in a.n_\imber- of physical environments, including inter-computer connections,
 structures such as buﬁdings or fuselages, undergréund, and under carpeting, for |

15 example.

Thus, althdugh embodhnenﬁs of the invention will often be described with
respect to fiber opfic ribbon cables, the invention is by no means limited to those
embodiments.

Figs. 1-3 illustrate a first control jacket embodiment according to the

20 invention. Jacket 10 preferably includes two, substantially identical jacket

| portions 15, 15, which are interlocked and disposed in an overlying relationship,
as shown. To simplify the disclosure, only jacket portion 15 will be described in
detail. Of course, jacket portions 15, 15' niced not be identical, and need not

divide jacket 10 into equal halves.



Figs. 1-3 Ll te a first control jacket enbodi ment accord] 20
I nventi on,‘*’éggégoglo preferably includes two, substantially M&F#@%&y
jacket portions 15, 15', which are interl ockged and di sposed in an overlying

rel ati onship, as shown. To sinplify the discl-osure, only jacket portion 15
will be described in detail. O course, jacket portions 15, 15 need not be

i dentical, and need ngpicket portions BS;KSt topethied Hefimoipate IR bstSen theny@r08/ 36309
PCT/ US98/ 02182 9 Jacket portions 15, 15' together define space 17 between

t hem for accommmp ' ﬁtih' t fifhe! ﬁq‘% ' 11 i 01S .
1-3, a flat line, sﬁ@% as %Q?ipé?o??g&t@%tp icorl l?gnc?tr?ggg e?ﬁfg\?\gl’ Pfﬂsw t éd
for space 17. Both, jacket portipng,15, 15', include lural ity of
engagenent el eneﬂ{cgaééthe%ﬁge‘mmgcééﬁ’éav l\?%‘btﬁgg?ﬁsf’&f’%k sed in a

mul ti-di mensional matrix 20, as will be described. Engagenent el enments 30

each preferably incl uBethsjabkat porticns| 35, 15 include  plusality of engagemeniceiemerts 36,
31 (Fig. 2) with straight edges 32 and rounded corners 33. Rounded corners

33 all ow easiser syntsdinidsicalledfwedyes,Mlishosed infamuitirdinjensioril niatik 20 ds will bel5' |
and al so all ow greater novenent of elenents 30 to allow |0 greater

tw sting novenen 2 %@ | 5 : of
c\(,)\nr nelrsgcanvbe ugeesgﬁf%r?s'te 0 e’r‘%ﬁﬁ%%@%ﬁ@% %sﬁé%ﬁﬁﬁﬁsﬁgmﬁﬁgures,
el enents 30 are sybst ial.ly in.the of..a frustum of,a ranid. Faces
S1°0F et ement s atioBRAlypotoraf pEpCaF (881D el it edies sa And ¥ouRiRS 47 oy
exanpl e, engagenent el enents 30 ofjacket portion 15 can include 15 -,

oct agonal faces ownersi33c Rounded gerngesi3 aliove easiar peadnation offthemeld: fop framing

control upon bending/tw sting ofjacket 10.
jacket portions 15, 15, and also allow greater movement of elements 30 to aliow

10  greater twisting movemeht, for example. Of coux;se, right-angle or other types of
corners can be used instead of rounded comers 33. As shown in the figures,
elements 30 are substantially in the shape of a frustum of a pyramid.

- Faces 31 of elements 30 need not be substantially square. As shown in
Fig. 4, for example, engagement elements 30 of jacket portion 15 can include

15  octagonal faces 31, which provide additional freedom of movement and control
upon bénding/twisting of jacket 10.

Engagement elements 30 are 'separat'ed by gaps 40 preferably running in
transverse direction 45, and by gaps 50 running in longitudinal direction 55. Of
course, gaps running in diagoﬁal or other directions afe also contemplated. As

20 jacket 10 absorbs bending and/or twisting forces, elements 30 of multi-
dimensional matrix 20 move toward each other, ultimately engaging each other by

 at least partially closing gaps 40, 50 to limit the be_nd radius and twist angle of

jacket 10, as will be described.



Engagenent el enents 30 are separated by gaps 40 preferably running in
transver.se WOP88630%n 45 and by gaps 50 running in |ongitudi P&IT/GRIBBEASZ on
55. O course, gaps running in diagonal or %.her directirons are al so
contenplated. As 20 jacket 10 absorbs bending and/or tw sting forces,

el ements 30 of nulti- dinensional matrix 20 nove toward each ot her,

ultimately engagi ng e ' tal l,0s| , 50 to
limt the bend radi us%gwmgéF%%ﬁgb%%%é@%%y%%%#gggggzagérgi bed.
WD 98/ 36309 . —r . . ..PCT/ 8/ 02182
10 As shown in Fifection and Eansyssie firection 42 camhe sansidered Y rmetifi o dehe &
direction and transverse direction 45 can be considered a Y direction, to
define an XY pl aXX plane oficonstol jackatet0. For puposesiohdisaussion, the XY planggan beie XY
pl ane can be considered the primary plane of jacket 10, and the terns
"in-plane" and " guhsiddred thefriniey pRnhe of jakia 10] i the 3eam! “in-plabFeanddut e,

unl ess otherw se noted. Additionally, second transverse direction 65, which
in the illustgat @“mh'ﬁmn' et Catrl c ;Bd'g; aZz
direction to élef ?)ﬁtg cor (rj‘esponélli %ﬁ%?gwggg%%g@e&?gg%&ﬁ 1 t%gn bend in
t hese three planes,..A bend in. the XZ pl.an 10, . il ustrat i .g. Fig.
11T s b bend ourdgionRl. teoc B srsdniregfion §5. Which n.dhe isfrafed qothegicton
| ongi tudi nal direction 55. A bend in the YZ plane is_an out-of-plane bend
al ong t ransver se rensrvestically, cas be sonsidared a Z diecction k0 define corrgspandingXZsnd| ane
bend, is also possible but requires significant bending force, particularly
with lines of rel¥Zplmésy | arge width in transverse direction 45.
Conbi nati ons of these bending 15 novenents are also possible, of course.
Jacket 10 can al so t Wiygkef?@hn Beéhdait tifese three planes. A bend in the XZ plane, as
10  illustrated in e.g. Fig. 11, is a bend out of the XY plane (i.e. an out-of-plane bend)
along longitudinal direction 55. A bend in the YZ plane is an ouit-of-plane bend
along transverse direction 45. A bend in the XY plane, that is an in-plane bend, is
also possible but requires significant bending force, particularly with lines of
relatively large width in tr_ansvefse direction 45, Combinations of these bending
15 movément_s are also possible, of course. Jacket 10 can also twist about an axis
extending in longitudinal direction 55, for example a central longitudinal axis.
The term "multi-dimensional" matrix is intended to encompass all
arrangements having elements extending in at least two directions, as opposed to a
single-dimensional matrix or "array,” which has elements running in only a single
20  direction. Preferred embodiments of the invention include matrices having
substantially identical rows and columns of elements, although other
configurations are also contemplated.

According to the embodiment of Figs. 1-3, matrix 20 includes three

Iongitudinaily running rows 60 and a large number of in-plane transversely running



extending _in |lonaitudinal direction 55, for exanple a central | ongitudi nal
axis.' The_WQPWg [ti-dinensional”™ matrix is intended to en 182
arrangenments having el ements extending in gy |east two directions, as
opposed to a single-dinmensional matrix or "array,"” which has el enents
running in only a single 20 direction. Preferred enbodi nents of the

i nvention incl U&ﬁuﬂﬁ 170 Gf Slehiiis30. OESTRY bitlel YumB&S o foWs 50 4hid ealdnmme7oMMs

of elements, although other configurations are also contenplated. According

to the enbodi ment of . Figs. .1 rjix 20 incl .QNgi | al.l.y '
runni ng rows 60“&@“&@@%‘&%@ g#él 9&%‘%‘8“55‘%%%%8%%&3‘%% VWO .
98/ 36309 : PCT/ US98/ 02182 11
col unmms 70 of ebepfateddedo. O course, other nunmbers of rows 60 and col urms
70 are contenpl ated, depending on e.g. the dinensional characteristics of

the line to be prot edsshowAsrostsctilnandranlunut7hpreferably aressubstaptiallydineds, such e
substantially linear, such 5 that jacket portion 15 has a substantially

rectangul ar 9vegpt jackSipition 5 84s £ SIIEHnEER} fecihfulePBvaaIPsRped Othavever .  For
exanple, rows 60 and/or colums 70 can be "di sposed in an arc about the line

to be protected . | |.N %?‘@, R such
an enbodi nent, gﬁgﬁ%@%ﬁ% %@%{égg ﬁ%%gyéé‘ ?8@ gﬁéh@-g’s g)ge O&i@é}co él?:‘{e}‘ s 31
i nstead of subsganti al lé flat, outer facg\sﬁ,r 10 ,form ng,the overall | ei.cket
10 into a roundd® can bedispogediinpp greahopttheiling fo be pprtectid, 4 apcommpdatg aling,
15, 15' preferably includes underlying web structure 80 for interconnecting
engagenent el enbaning 3ooundsd gsomm.u%tlswch@nr@mbadmm,aﬂn'g@gemnt efemeats 30
el ements 90 directly underneath gaps 40, 50, allow ng engagenent -
could have arc-shaped outer faces 31 instead of substantially flat outer fac_es,
10 forming the overall jacket 10 into a rounded, substantially cylindrical shape.
© Each jacket portion 15, 15' preferably includes underlying web structure 80
~ for interconnecting engagement elements 30. Web structure 80 forms a plurality
of hinge elements 90 directly undemeath gaps 40, 50, allowing engagement .
elements 30 to bend with respect to one another aﬁd engage each other, as will be
15 described. (Alternatively, for purposes of this description, engagement elements
30 can be considered to extend all the way to cavity 17, with hinge elements 90
being considered the structure interconnecting engagement elements 30.)
As jacket 10 bends out-of-plane aloﬂg longitudinal direction S5, as shown
in Fig. 11, for example, hinges 90 extending between adjacent engagement
20 elements 30 within rows 60 allow elements 30 to move with respect to each other,
into engagement. Adjacent elements in the same rows engage each other and
ultimately limit the degree of longitudinal bend. Similarly, bending jacket 10 out-

of-plane along transverse direction 45 causes adjacent elements 30 in columns 70

to move into engagement with each other, limiting the degree of transverse bend.



el ements 30 to bend with respect to one another and engage each other, as
will be 1WOMBEIP hed. (Alternatively, for purposes of thi PCRUBO1820
engagenent el ements 30 can be consi dered t% extend all ‘the way to cavity
17, with hinge el enents 90 bei ng consi der the structure interconnecting
engagerrent elements 30.) As jacket 10 bends out-of-plane along |ongitudinal

ad] Eﬁéhi’”eﬁéagenﬁ%‘f%"% of 39 4 %ﬁ“’m& il %ﬁ?ﬁeﬁ FS%%%?@*Z%L‘%)? move
fows engage. cacmERguch atter e (HOGE MRYED HoREs PR E5ep e et ot S °°
bend. Simlarly, bending jacket 10 out- of pl ane aI on transverse direction
45 causes adj aqdane bendnihe degwe pfibens allowed by engagement #9488ment with

each other, limting the degree of transverse bend. WO 98/ 36309

PCT/ US98/ 02182 phetidulardireoriorbis rediiet‘behd radfiey” dridl willte described faxtherdent
el ements 30 in colums 70 to engage each other, limting (along with web

structure 8Q itgah g&nohrﬁﬂpp%rpgzga{ow n- pl ane bend. The degree of bend
al | oned by éngagenent elenents 30 in a particular direction is called "bend

bl ow. ' Cont rol | ackePORPNRE 1 Hao Pl ho i SNpTRE tstioht ey it

is, twist angle, wthout pI aci ng, undue or, damagi ng st rai.n gﬁt‘]ﬂéa&ﬁ Bor tion of
jacket 10. One %&WOF‘}/\P laging, yndus ar damaging sripean any 0 I}eac ket
10 in one direction, say clockw se, and the other end of jacket 10 in"an
opposite dir ecttypmpfm;tamnomm uwolwskummg one ¢od of facketj 18k @ne diyectionst s
about a central longitudinal axis. H nges 90 between engagenent el ements 30
absorb the str aap clotRwiseSthdothe bftied end of jacket 10 in an opposite direction, say
10  counterclockwise, such that jacket 10 twists about a central longitudinal axis.
Hinges 90 between engagement elements 30 absorb the strain imparted by this
twisting movement, allowing engagement elements 30 to move together or apart
as needed. For example, adjacent engagement elements 30 in columns 70 can
engage each other upon twisting movement to limit the twist transmitted to the
15 line.
During twist, underlying structure 80 (of which hinges 90 can be
considered a part) can be thought of as a continuous web of relatively thin
dimension. Engagement elements 30 are diéposed on top of the web. Although
web 80 twists relatively easily because of its relative thinness, engagement
20 elements 30 prevent the web from twistirig to the point of damaging the jacket or
the underlying line. Fig. S illustrates jacket 10 under twisting strain.
According to the embodiment of Figs. 1-3, fastening mechanism 100 joins

jacket portions 15, 15' together. In the illustrated embodiment, fastening

mechanism 100 comprises two zipper-type fasteners running longitudinally along



tw sting rmverrent al | owi ng engagerrent el enents 30 to nove to%Tt her or
apart 'as n ¢_90r exanpl e, adj acent engagenent el enents 3ECTSRMERs 70
can engage . each ot her upon twisting novemengzto limt the twist transmtted
tothe 15 line. During tw st, underlying structure 80 (of which hinges 90°
can be considered a part) can be thought of as a continuous web of

relatively thin pgﬁgbs 5‘5&9@9 : t?fa?t’&ﬁ : #
the web. Alt houg(ﬂi %8& S sts ?g}legt&? vely éeﬁa‘g?lﬁgeﬁieggﬁ%gg?sﬁp gﬁr)iellqg?t?ve

t hi nness, engag nt ele even he b fr o the
poi nt of damagi ﬁﬁ%rﬂég'feée ’{‘ﬁlg‘gff‘ﬁm#"ﬂé % qlﬁegtrﬁllgw ﬁﬁé@p at es

j acket 10 under tw sti 1g stral n. Accordi ng to the enbodi nment of F| g 1-3,
fast eni ng mecharfosnectehat 2528 qn&m%ﬁsmvgsnsaﬂsm ements 30 iﬁ%

il lustrated enbodi nent, fastening mechani sm 100 conprises two zi pper type
fasteners runni ngpriiom gs'; onl theadther haind nigcludesraspaiiing upwardly directed teeth

PCT/ US98/ 02182 13 opposite sides ofjacket 10. Each fastener includes a
plurality of s 'atﬁm@wmiég?ﬁwmﬁé&edd@&&qsem&h% a&wbreﬁgagi%ndetemeﬁfsdly

extending teeth 120, integrally connected at 125 as one piece wth
fﬁiFﬁéé'svﬁo?PSZ‘p%ﬁﬁﬁeﬂaa*&%&&n@&%ﬁu&%@%&ﬂ%ﬁ | ESQQPZP?y

connected as one piece wWth re ective en nts, nt Kk
W Th downuar di y BEHBREPE Pember Ebtasse B DOR Wit S306 ot ap Peldipcis 16
menbers that engage and interlock with each other to hol d j acket 10 cl osed.
As shown, teeth ddedprAsishowb) teethl0preferahiyinctide dapfesedsurfates hlidandbut nent
surfaces 117 to pronote easy interlocking of teeth 110, although of

abutment surfaces 117 to promote easy interlocking of teeth 110, although of

10  course other tooth geometries will bé apparent to those of ordinary skill.
According to the illustrated embodimenf, jacket por_tions 15, 15' are
‘identical. Thus, downwardly extending teeth 120 of jacket portion 15 correspond
to upwardly extending teeth 120" of jacket portion 15', on the-opposite side of
jacket 10. Similarly, downwardly extending teeth 130 of jacket portion 15
15  correspond to upwardly extendiﬁg teeth 130’ of jacket portion 15'.

" Also according to the illustrated embodiment, jacket portions 15, 15' are
attached only along the first and second zipper-type fasteners of fastening
mechanism 100, not towards the center of si)ace 17. Therefore, the line held
within space 17 between jacket po;’tions 15, 15’ can slide freely, or “float,” within

20 jacket 10, allowing relative motion bet\;reen jacket 10 and the line. This design
| presents a sigrﬂﬁcant advantage. If the line were continuously secureci to orin
fixed abutting relationship with jacket 10 down its entire length qu across space
17, it would be subjected to shear forces generated by the bending of the jacket,

and thus potentially damaged. By securing jacket 10 to the line at only one end,



10 course other tooth geonetries will be apparent to those of ordinary
skill. AcHOMIFO% o the illustrated embodi ment, jacket portiRGRUSISN2IB' - gre -
i dentical. Thus, downwardly extending teet P4 120 of j acket portion 15

correspond to upwardly extending teeth 120" ofjacket portion 15", on the
opposite side of jacket 10. Simlarly, downwardly extending teeth 130 of

bortron” 15 - ek 3 Be SR REE AR o R0l P O 8 B RRloRa R yerthe i (1

15, 15" are attached oply alagng the fjrst_and second zi pper- e fasteners
of fastening ms8h ai'UB’,“’ﬁ!ﬁ-"?anﬁ"&E“ﬂ‘WG%%?ﬂ YMES@“&%‘RPﬂﬂgﬁ@fore,
the line held within space 17 between jacket portions 15, 15 can slide
freely, or "fl daxces. within 20 jacket 10, allowing relative notion between
jacket 10 and the line. This design presents a significant advantage. If
the line were conti Msts 10 preetillg atedigposed onhioppdsiedsiids dfransvedsdlpnshi p
with jacket 10 down its entire length and across space 17, it would be
subj ected tQ s r e ' ' | d thus
potenti al | ygda%‘&e‘gﬁggsggg'uﬁgfsjsgc etﬂqgoslg@tﬂﬁ%%%ﬁg?adgﬁﬁﬁ%&gnd,
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14 as will be @&@pRMeeth 1O sysagement plements 3 move subsiaotially i RERASo
and yet the line can slide relative to the jacket, elimnating potentially
darfagi ng bui | d-Kgepbig the mavementcefengaganent elenents 3G anditgpth lahoengwpmdﬁaéd on
opposite sides of transversely 5 extending gaps 40. Because teeth 110 do
not interl ock. villotvs engdgenichtelements 39 tgpatrélihe bend radiildndawikt angledasteant

el enents 30 nove substantially independently. Keeping the novenent of

engagerent el erggiteih 390 2% ofheFWords] feett # FP&raABALed closely enough to not readily

10  disengage upon bending or twisting, but have enough play 50 that elements 30
determine the bend'radius, not teeth 1 16.

As shown in e.g. Fig. i, control jacket 10 includes end portion 140, which
| is specifically designed for_attachment to a connector (not shown). End portion
140 preferably includes an area 156 that is free of interlocking members 110.

15  Additionally, end engagement eleﬁents 160 are elongated. Iﬁ the illustrated
embodiment, end elements 160 are approximately twicé the length of the other
engagement elements 30, but of course can be any desired length. -

According to one embodiment, end pé)rtion 140 is glued directly onto the
connectof and/or the line, to prevent jacket 10 from sliding down the line. Jacket

20  portions 15, 15’ are preferably fastened to the line and/or to each other with

| adhesive or with an integral latching mechanism (not shown) at end portion 140,
promoting a stronger bond and lessening the likelihood of inadvertent separation
from each otﬁer or from the connector. Different possible types of adhesive will

be described below. Jacket 10 thus advantageously protects the transition point in



al l ows engagenent el enents 30 to control the bend radii and tw st angle,

I nst ead. of. 0. In other words, teeth 110 are spaced d§£ﬁﬂ§P Hﬁgh
to not readily 10 disengage upon bendi ng o§stw sting, but have enough play
so that elenents 30 determ ne the bend radius, not teeth 110. As shown in ~
e.g. Fig. 1, control jacket 10 includes end portion 140, which is

specifically deﬁ%@g&g{fﬁé@ﬁ&f&t@ﬁ&d&ﬁg@mw%&feﬂdiﬁé ¥fess arfd Wus is

portion 140 pre I ncludes an"area 1 that 1s free of interlocking

menbers 110. 15 ddi {. gnal end engagenent el enments 160 are el ongat ed.
‘I'n the illust ratogéné}‘%}(?ﬁwg&nd el enents 160 are approximately tw ce the

| ength of the other engagenent el ements 30, hut of .course can be an
desired | ength. Accor@ﬁ%aﬁwlbrmm&fﬁ%ﬁ@m%@WSF%P‘lmenil§°gla 10
directly onto the connector and/or the line, to prevent jacket 10 from

sl i di ng down t heah imeeely babkakenif opanttalangsonktof théiransversergape 49, dry fdrabatened
to the line and/or to each other with adhesive or with an integral |atching

mechani sm (ngt :iaaw%lgﬁg nggﬁﬂﬂhhp%hplﬂQ to BSIRTRjdcRét oF dekifetd8s fopRBAneREgN

| essening the |ikeli f i'nadverient separation fromeach other or from

t he connector. D)f i hesive. wi Il be descri bed

bel ow. Jacket 1 0611593@&@%@%’?23@33%3%?8@& S the transition point in WO
98/ 36309 . . . . PCT/ US98/ 02182
15 the line at the cditstead of theintegogking glemepts specifically Hiustratad in Figs, ik

stress and thus is often subject to danage. Alternatively, instead of-or in
addi tion to usi raghentsipgscofifasiening mechanistas catbearsed hefastep jickebportions 35 1 5r
cut along one of. the transverse gaps 40, or, for that 5 matter, along a
| ongi t udi nal gapgoféther. Fig0s, Tofexangie lilhistratbhigitt-sridZgroboé joims 190! Tasket
10 portion 15 includes downwardly extending groove elements 175, for engagement
with upwardly extending tongue elements 173’ of jacket portion 15°. As with
previous embodiments, jacket portions 15, 1_5' érgferably are of identical shape,
such that the downwardly extendmg groove .ele-ments 175 of jacket portion 15
correspond to upwardly extending groove element; 175° of jaéket portion 15°, on
15  the opposite side of jacket 10. Similarly, tongue elements 173, .173’ correspond to
each other. Other mechanical fastening mechanisms, for example ball-and-socket
mechanisms, will be apparent upon reading thi.;, description.
Alternatively, an adhesive can perma;tenﬂy secure jacket portions 15, 15'
together along their opposite edges. A wide variety of adhesives can be used, for
20 example a liquid adhesive extruded longitudinally along the jackét portions, and/or
| a pressure-sensitive, fast-curing or hot melt adhesive, and/or an adhesive tape with
a paper backing, such as an acrylic transfer adhesive. With this latter example,

lines of tape would be affixed to one of the jacket portions 15, 15', and-the paper

backing left in place until use, protecting the tape from contamination. Jacket



to the connector or other external elenent. Instead of the interl ocking

el ements SWOOBBEWR| |y illustrated in Figs. 1-3, other types RETAEIP8OIBR Mg
nmechani sms can be used to fasten jacket porglons 15, 15' together. Fig. 6,
for exanple, illustrates tongue-and-groove jOIntS 170. Jacket 10 portion-
15 includes downwardly extending groove el ements 175, for engagement wth

T S TN et bl 0 e,
shope, such UL L L, i RO e S o SIS

portion 15', on 15 the opposite S|de ofJacket 10. Simlarly, tongue
el enents 173, 17 lineowithin ppave 1o mmmkemmmﬂémgeﬂmmymgg
mechani sms, for exanpl e ball-and-socket nechanisns, will| be apparent upon

reading this dewdﬁf'esgrb téjbé&fﬁmtev@meanﬂlthﬁﬂﬁe&ﬂﬂﬂoﬁﬂ'ﬁvmmldds secure
j acket portions 15 toget her- al ong their opposite edges. A wi de variety

ongi tudi nar Py ?Fong”?%“% 5 f‘?“?*p o KIS o ool 2o BRSNSy SR HACe 17

fast-curing or adhes d/or an adhesive tape with a paper
backi ng, such a %CL{‘\}P.H?W cagﬂﬁ'em ve. Wth this latter exanple,
i nes of tape would be affixed to one of the acket ortions 15, 15', and
the paper backing | efAltersativelycfasigning/meshanist, derpnetaggeore weld

contanm nation. Jacket WO 98/ 36309

PCT/ US98/ 02182 jdintsdorigisudinallyp extésidingalohg javketi0: eAlccording po shis embodamund t he
line to be protected, the paper backing renoved, and the jacket portions '

then adhered toggp B?fnoﬁ'é’e&g%%fﬁck&eld dr@ﬁeé,‘!bﬂ b MheftfakRt fdrtioRy 18,0132 i ng
j acket portions 15, 15" together only al
10 together. Although this would prowde a permanent and thus unopenable seal, the
enhanced strength aéhieved may have usefulness in some applications.
Figs. 7-11 illﬁstrate an additional embodiment according to the invention.
Figs. 8-9 in particular illustrate one significant feature of this embodiment relative
1o the embodiment of Figé. 1-3: one qf the fastening mechanisms is replaced by
15  hinge 280. Hinge 280 pivots jacket portions 215, 215' relative fo each other to'
open and close jacket 210. I-ﬁnge 280, as well as hinges 90 between adjacent
engagement elements 30, preferably are “living" hinges, ﬁemﬁng that they are
formed of a material and thickness that allow répeated bending without damage.
‘When jacket 210 is opened, line 200, which in the illustrated embodiment
20 = is a fiber optic ribbon cable, is inserted. Adhesive 290 then can be extruded along
| the edge of jacket 210. opposite hinge 280, to fasten jacket portions 215, 215'
together. Alternatively, in place of extruded adhesive 290, jacket 210 can include

adhesive tape or a plurality of interlocking members, such as members 110 in the

embodiment of Figs. 1-3, for example.



t heir edges ape or whatever neans, the line can "float" wthin.jacket
10 as 5 Bﬁ% earlier. O course, adhesive can al so berﬁf)ﬁ%@zfﬂ.

entirel y across space 17 if desired for a garticular applicat i on. .
Alternatively, fastening mechani sm 100 can include one or nore weld joints
| ongi t udi nal 'y ext endi ng al ong j acket 10. According to this enbodi nent, one

or nore edges of j ackg lgﬂb%aﬁﬁ&um 78! 1.3] BEkR1210GhLARS hii- 15 10

t oget her. Al though t rovide a permanent and thus unopenabl e seal,

t he enhanced stre iA3RS.
Flgs. 7-11 111 udied ‘i?°§ﬁ§té¥§§§3§?%éﬁ%rﬂ§?% %ﬂﬁ%%? s
Figs. 8-9 in partlcular |IIustrate aone sj,gni fj cant feature

enbodi nent r el astessparatediby gaps 440, r?eerta“é ispoged infows 259@“61‘30 If}ﬂétagmgng

mechani sms is replaced by 15 hinge 280. H nge 280 pivots jacket portions
215, 215' rel at longithdinaland trankeerse direstions 265 245 .0 The jgeoinetry 2f elements@30280,
as vveII as hi nges 90 between adj acent engagenent el enents 30, preferably

are "1iving"s hi gipRss froMARbRDLIFE 113) 4 thaf SlehRAtiR30qhcladdRinted sitie sitdaces
t hi ckness that al I ow repeat ed bendi ng wi t hout damage. When jacket 210 is

" Bbon cabl o, i Ssieidaf ot i il B8 FendE s PR T il shio BoklelF | 07 g

of jacket 210 opposi é‘% hi r&g& 280, to fasten jacket portions 215, 215
toget her. Al t er Higteag of youn |9F‘&°t:e of extruded adhesive 290, jacket 210 can
i ncl ude adhesive tape or a plurality of interlocking nenbers, such as
members 110 in the eWigdOritiustrates jatkgt210in3 stfaight conngiration, and\ﬁ:98/136309
PCT/ US98/ 02182 17 As with the enbodi ment of Figs. 1-3, | acket 210 incl udes
a mlti- illustrates a bent configuration with minimum bend radius 300 about center point

10  305. Bend radius will be described below with reference to Fig. 15.

Figs. 12-14 show different examples. of the gaps possibie between adjacent
engagement elements. In Fig. 12, for example, facing side surfaces 313 of
adjacent engagement elements 30 are non-parallel, i.e. at an angle to each other,
defining a widening gap 310. With this configuration, side surfaces 313 often will

15  substantially entirely engage each other upon bending and/or twisting of jacket 10,
completely closing gap 310.

InFig. 13, facing side surfaces 323 of adjacent elements 30 are parallel,
defining a substantially straight-walled gap 3 20. Upon relative movement of these
engagement elements, side surfaces 323 will contact each other toward the upper

20  end of gap 320, partially closing gap 320 but leaving a subsfantially triangular
opening.

Gap 330 of Fig. 14 is defined by opposite curved side surfaces 333 of

adjacent elements 30. Upon relative movement, curved surfaces 333 will engage

each other below the faces of engagement elements 30, again partially closing gap



di mensional matrix 220 of engagenent el enments 230. Engagenent el enents 230
are separ a8 ps 240, 250 and di sposed in rows 260 and EEHIHAKL21EDY -
al ong | ongitudinal and transverse directio 255, 245. The geometry of

el ements 230 5 differs fromthose of Figs. 1-3, in that elenments 23Q

I nclude sl anted side surfaces instead of straight side surfaces, and

i nclude faces 2 k00 r I Sl | 8
illustrates jac P@f&f’r&?’rﬁ‘égﬂs@ﬁg%ﬁ ?gh | '3?%@8&?’8%%%?@0%%&?& es
a bent configuratior] \%h m,ni nu b@gd rgdi us 300 ab‘%’t center poi.nt 10
305. Bend radi udo/iqld than predens RISy QU (RY PEeseptadvantages oy cerfain o g
12-14 show di fferent exanples. of the gaps possi bl e between adjacent
engagenent el emsapplications.Fi g. 12, for exanple,” facing side surfaces 313 of
adj acent engagenent el enents 30 are non-parallel, i.e. at an angle to each

other, defining a w Mimmea;igeoﬂuﬁymmmmfgm,mwmme appaentthaf aces
313 often will 15 substantially entirely engage each other upon bendi ng
0

and/ or tw sticn 10, 1C | gt el ' ; e , cin
g ?Qg,gsjtk_g_wm&__y FSL R bat%enia bac%,ﬁgagg g

: S o
side surfacesS 3 acert? el reerfd’ are parallel, n

substantially straight-walled gap 320." Upon rel ative novenent of these

engagenent el e | B $ | : he
upper 20 end gqugﬁ%ap?% ,t’?é?{%ﬁ?’o%ﬁ%p%ggbg%ﬂ%ﬁf&ﬁeggeieﬁg’gwé

substantially trjan aL opening.. Gap. 330 of Fig. 14 is defined by opposite
curved side surfdrfggg‘w;%g‘ec#e‘ﬁ tg‘ggﬁ?‘%@‘feerrents 30. Upon rel ative novenent,
curved surfaces 333 will en a%g each other bel ow the faces of engagftrarrent

el ements 30, again paFaritypic bgp%awttomm@gp%swreferably ranges from

PCT/ US98/ 02182 '
about 1/8 to about 2 inches, depending upon cable size, transmission rate,

10  wavelength, and other factors. According to one embodiment, the thickness of
engagement elements 30 down to underlyiﬁg web structure 80 is approximately 40
milé a_nci underlying web stmctﬁte 80 itself is.approximately 20 mils thick. Of
| course, other bend radit and lafgerjacket sizes -'m'ay be preferred for other
applications using larger cables, including no.n-ﬁber-optic applications.

15 Whatever the bend radius size, gap gedmetry is chosen to define a desired
bend radius R. Gap geometry can vary with direction. For example, jacket 10 can
have different bend radii in the longitudinal g_ﬁd transverse directions, if desired.
Gap geometry can also differ to a certain extent along a single direction, i.e. the
bend radius can change along the length of jacket 10. Twist anglé will be affected

20 . in accordance with the éélected bend radius. |

It is more important to define gap geometry precisely with largerjacicet
sizes. As jacket size and thus gap size decrease, gap geometry can be

approximated down to straight sides without significantly affecting bend radius.



18 330 bu an open space: The Fig. 14 enbodi nent is
' dIffICU|t§F%ﬁﬂ%?§gthan previous enbodi ments, but may presen 9@%%322 for
certain applications. For a tapered gap ge@netry, as shown in Fig. 15,
wi |l be apparent that 5 bend radius [err] where L is the distance betmeen
adj acent gaps, His gap height, Dis gap width.at the top surface of the
jacket, and [err] i%idh@mﬁﬂlF%.dGIinﬂh?l@jﬂckéi@l@bﬁﬂbﬂitnﬁigiﬁg@ﬂhéfﬁ@to-&ﬁ
typi cal fiber- optic applications, bend radius R preferably ranges from

bout 1/8 t te,
ioou wavel e(rjlg?h an o‘?ﬁg&?ﬁgw égpglﬂng&ét&g‘égﬁéé@@ cfirren &krﬁrmra ©
t hi ck f t el ts 30 d t t 80

appr oxt mat ol y IO S0rm FRrER A EproNs IS 220 i stuting dhd ket by Ak ciner. ' °

approxi mately 20 mls thick. O course, other bend radii and Iarger éacket
sizes nmay be piGspeve membess mﬁm‘e@mmrudmgémgmgbmﬁ%rané

I ncl udi ng non-fiber-optic applications. 15 What ever the bend radi us
si ze, gap gson340\préferablycesndithe etire height offatket porions 152115°us provida the
geonetry can vary with direction. For exanple, jacket 10 can have different

bend radii in %E&P?é EdtihleBidn pokEible] %%é{-ﬁitﬁ/%gdjdxﬁtﬁ%m'éﬁn adshnidGidre’ta CGaP

geonetry can also d er to a certa| n extent afong a single direction, i.e.
t he bend radi Ugafian chan en WI |
be affected 20 3ﬁﬁng58 %qebe‘gfpé’é?%%“ﬁéﬁ%eg}gﬂ esl?x{,é’l}qg%

i nportant to def| ne g geonetry preC| ely with | arger jacket sizes.

jacket size and 358??51@91 % gimeng includes emmtséZQp@ﬂwmm ed

down to strai ght si des without signi f i cant I y affecting bend radius.
or multiple additional joints can be provided, based for example on the number of

10 engagemeﬁt elements in each fransverse column 70. Other focations and types of
joints will be apparent to one.of ordinary skill.
Jacket 10 is preferably formed of a material that readily allows bendihg,
e.g. at hinges 90 and/or 280, but é,lso has high compressive rigidity. The maferial
should also be relati\./ely lightweight and ine_zxpensive. Polypropylene is one
15 material especially suitable for use, although of course other materials, such as
bolyethylene,' polycarbonate, polyurethanes (e.g. those available under the trade
deéignations ESTANE from B.F. Goodrich or SANTOPRENE from Monsanto),
and other thermoplastic elastomérs, co-polye.sters (e.g. those available under the
trade designations LO-MOD from General Electric or HYTREL from DuPont),
20 silicone materials such as silicone/rubber or silicone/elastomer products, styrenics
| (e.g. those available under the trade designation KRATON from Shell), and other
engineering polymers/plastics can be used as well.
Jacket portions 15, 15’ can be formed in a variety of ways. For example,

each portion can be molded and thus entirely formed of one piece. Even the
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19 As shoWOPs363DYy. 16, nultiple jackets 10 can be strung t R§S/URIB02182 - '
end-to-end to forma conposite protective % cket of any-desired .l ength.

Adj acent jackets 10 together form tongue-afid-groove joints 320 for securing

the jackets to each other. G oove nenbers 340 receive protrudi ng tongue

menbers 330, and nber s Q, .. 340, prefer ext.e , LI e hei ght
of j acket porti (Fmbrg?gneni@f%i% B‘?o%ﬂ@‘“!‘ﬁ@e {%%ﬁg%é(ﬂ?féo%%zgt% si bl e.
Alternatively, joints 320 cap assune nmpre of a ball-and-socket ,
configuration d0gether, ganbpmeldedandthusiermed ofonnplecs. lagkat pogipnsidy 18er |

al though the illustrated enbodi nent includes two joints 320, a third.joint
or nultiple addiahbeeatruded ones adiber tapeasseniblie dr jaxketportions Edi5)can event he
nunber of 10 engagenent elenents in each transverse colum 70. O her

| ocations and trggs&mé'&ﬁ&layésufmetbﬁeﬁaaﬂm?mmmsem,e\%pa Gpyishefi | | -

Jacket 10 is preterably formed of a material that readily all ows bendi ng,

L
P [ 15 ' i i ,
o DL ODY | e o i RSB Reble B4 o e SRS FE

(e.g. those avail able under the trade designati ons ESTANE from B. F.
Goodrich or SANNgEEREMEt tlementstithemsalees). Alternatively, the gapsogandetcutintd aprener s,
co-pol yesters (e.g. those avail abl e under t'he trade designations LO MOD
from General Elfafihéd jacikest bERAKREL fromDuPont), 20 silicone materials such
as silicone/rubber or silicone/elastomer products, styrenics (e.g. those

avar| abl e under the Ag Qe SRR &N of BALTA GO HeHiSkialed AME:C1S, As

engi neering pol ymers/plastics can as we jacket portions
can be forned in a vatlet s. FEor exanpl ch rtion can nol ded
and thus enfir gVRAP ﬁﬂé’ng% é?‘ ple, %ﬁ%@“m inclfides first portion %o

and second portion 420, constructed to house a line between them. Locking

structure 425 interconnects first portion 410 and second portion 420, and is

constructed to allow. movement of first portion 410 and second portiqn 420

felaﬁve to each other as the line and control jacket 400 bend. This provides
15  significant advantages, as will now be described.

When control jacket 400 bends out-of-plane, the control jacket portion 6n
the inside of the bgnd has a shorter radius of curvature than the control jacket
portion on the outside of the bend. This radi;xs differential tends to cause relative
linear motion between the control jacket portions, in a direction along the line and

20 inthe region of the bend. Iflocking elements of the control jacket portions
prevent such movement, as with previous embodiments, the locking elements are
subject to significant strain and are more prone to failure. The embodiments of
Figs. 17-21, on the other hand, allow relative sliding movement between control

jacket portions 410, 420 and thus greatly reduces the likelihood of failure.
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20 enbodj WQO8BE0E| gs. 7-9, in which the two jacket porti onsPEHUSIS218F o

hi nged toget her, can be nolded and thus fogged of one pi‘ece. Jacket
portions 15, 15 can be extruded over a fiber tape assenbly, orjacket
portions 15, 15 can even replace the tape |layers of the tape assenbly. In

ext T ucod Ui roct Ty ovih Spes ths QiresrEled gl widyeRienk 15 BT Bt ifpdes

el enents used to formthe gaps, (and fhus ggfq'bne t he .en enent el enents
' i Fngding T copizol

t hemsel ves) . A& piprality oidogking € Wane &b o  acket
bl ank. Additional enbodinments of the invention are illustrated in Figs.
17-21. As 10 spuostion 420 Foward poRtic@rp410. cbockingrgtrusturectSrfortherioRlpdestio® rails

i ncludes first portion 410 and second portion 420, constructed to house a

line between them, alsgehlisilotking efesiet fedtivess! extending alongloppbiiteaddsiom 410
and second portion 420, and is constructed to all ow novenent of first

portion 410 .and qwlh 0,5&!@&1‘? t ‘eﬁ?ﬁ i ne and
control jacl?et %’3‘8&8@%& |§'%?%V| es %sﬁ‘sg}m 1@5%“2%%%%8@3# as will
now be described. We ontrol jacket 400 bends.out:of -pl ane, .the .control
jacket portion gﬂ“?‘ﬁég?ﬁé\'eoéﬂﬁ fheng;pigge pé"%%%%@r‘“ﬁ&ﬁ&h?‘lo%%dﬁrvature
than the control jacket portion on the outside of the bend. This radius
differential tcfotmed as onerpicce withiportion #Hb fer ersmpleby amalding precessas r ol

j acket portions, in a direction along the line and 20 in the region-of the

bend. |f | ocki nqesetilssdiribove. OEatinmilcinntis substamtikilty catinivions) althoegteitis such
novenent, as with previous enbodi nents, the | ocking el enents are subject to

S0 S SR A0SR s S Sl BRI 1 5
10 - Locking elements 430 include lip portions 433, which overhang rails 440
to prevent removal of portion 410 from portion 420 in an upward direction as
viewed in Fig. 17, or a downward direcﬁoﬁ as viewed in Figs. 18-19. Locking
elements 430, as well as rails 440, can also include chamfered surfa_,ce portions 435
to promote snapping of portion 410 into portion 420, aiong substantially the entire
15  length of the line. Note, for example, Figs. 18-19.

-As with previous embodiments, control jacket 400 includes a plurality of
engagement elements 450, disposed in a multi-dimensional matrix. Bending and
twisting of control jacket 400 is limited by m.ovement of adjacent engagement
elements 450 into engagement with each other. Locking elements 430 each

20 preferably are one-piece with respective engagement elements 450 of jacket
portion 420.

Also as with previous embodiments, adjacent engagement elements 450

are separated by gaps 460. As control jacket 400 is bent or twisted, adjacent



j acket portions 410, 420 and thus greatly reduces the likelihood of

failure, _WOR8363936309 PCT/US98/02182 -
PCT/ US98/ 02182 21 To allow the unrestrict sliding novenent, | ocking
structure 425 includes a plurality of locKing elenments 430, i.e. l|atches, -

extending fromcontrol jacket portion 420 toward portion 410. Locking

structure 425 f | | . " |_ement
recei vers, ext 5%%%&3* %%%38@%853#@4@3‘? lgét%%%ﬂﬁg%‘kgﬁ%gﬁrﬁgg 410.
According to a pref e@rﬁ%gg‘gnbodi ment, | ocking elenments 430 are formed as
one- pi ece wi t h PSERISH NG ONEVISUNE, rai|l 440 is formed as one-piece with
portion 410, for exanple by a nolding process as described above. Each rail
440 is substantial | yAecordingitoothe embo fi Kigs. 4 72k, adjapentepgagement r ai | 440
coul d have periodic breaks or gaps init as well. 10 . Locki ng

el ements 430 i rfdmudts 4500alsdéfine operings 470) whictomay haveoa tide variétOofl shapesev ent

renoval of portion 410 from portion 420 in an upward direction as viewed in

RS 1 5% RS SRy S ihhgf sl Heniilro o erent
I RGN T, SR T I WA

previ ous enbodi nents, control jacket 400 includes a plurality of.engagenent
el ements 450, @fspoireljackst 400qbut do aphprexens engagement glemepisASAfrom gngaging i ng
of control jacket 400 is |imted by novenent of adjacent engagenent
el enents 450 i nit gapsdfiloteriimit bending/tedistingo Disposirngrudtes iy Ocsubstantially4d theeach 20
preferably are one-piece with respective engagement elenents 450 of jacket
portion 420.  comers of engagement elements 450 thus eliminate an interference area
10 encountered during twisting motion without precluding the bend/twist protective
features described earlier,
Control jacket 400 further includes two stop members 480 on opposite
 sides of control jacket portion 410, according to the illustrated embodiment. Each
- stop member 480 engages the right-most locking element 430, as viewed in Fig,
15 17, to prevent relative sliding movement between portions 410, 420 upon
assembly of the control jacket 400. During this assembly, the line is laid within _
portion 420 of jacket 400, and then portion 410 is fed into and pushed along the
length of portion 410 such that lip sections 43.3 of locking elements 430 overlay
rails 440. Once stop members 480 contact right-most locking elements 430, the
20  assembler knows that the proper positioning has been reached. Of course,
portions 410, 420 can also be snapped together along their length instead of being
slid along each other, as long as the surfaces of the rail and/or locking elements

are sufficiently chamfered (Figs. 18-19) and/or latching elements 430 are of

sufficient thinness.



Al so as with previous enbodi ments, adjacent engagenent el enents 450 are
separ at eWQ 9% 460. As control jacket 400 is bent or twFGTAPSAES2 Nt
WO 98/ 36309 3 _ ' PCT/- US98/ 02182 .
22 engagenent el enments 450 cl ose gaps 46(} to interengage and limt the
anount of perm ssible bending or twisting. According to the enbodi nents of

Figs. 17-21, adj aCﬁg&&%ﬁ%fm . §7eap el B4 StPOF Fntdl fekit 100P fiperds att 70,

whi ch may have a wde variety of shapes 5 1n addition to the substantially

circul ar openipgs .illustrated. enicngs. 470 _het n_aen nts 450
reduce the stf‘gﬁ‘gﬂ‘éggkegﬂemﬂ’h&o@%@ﬁéﬁgfwgf wﬁ‘e&%ﬁ{’?g?s]”g@f{%ﬁy%% but
do not prevent engagenent el enents 450 from engaging at gaps 460 tq limt
bendi ng/ t wi st transmissiemplirgsugable pecording ta theinyention) fof examplg diber,pplis abl
engagenent el ements 450 thus elimnate an-interference.area 10 encountered
during tw sti ggblespthiecthickhéssof thexitbonicdblegapire flosmalftickened pomioact i ve
features described earlier. Control jacket 400 further includes two stop

menbers 489 ogyQ %(f)&fh%c%hﬂé‘cioﬂiovﬁ?f&iﬂlhrﬂei‘%ﬁ!od%%éﬁ?&nmcmﬂﬁst@hdi ng to

the illustrate diment. Each stop nmenber 480 engages the right-nost
| ocki ng el emept 43 S Vi | ' . ! l'i di ng
novenent bet mgténﬂﬁg P{’ﬁtﬂ{'é 4???“4%&5%’)@%3@% E%F%/&cﬂ% hﬁ[ggf:tgép b%lF(S jﬁ%(t: et 400.
During this assepbly, the line is laid \g’ézhi n portjion 420 ofjacket 4Q0, and
then portion sewinuous-thicknesscomipl jackatandling ronmbinatiop iy prgsente 0&@’%“4&0
such that lip sections 433 of |ocking elenents 430 overlay rails 440. Once
stop nenbers i{gibssibleitadeaveipgitionssids, 50F bf cantishonsthicknegpdoing go Mdth assenbl er
knows that the proper positioning has been reached. O course,
~ tapered lines creates a jacket-line combination of increased thickness at the
10 connector, which can cause interference upon plugging into a computer bbard,
module, or other device. By tapering down the control jacket, on the other hand,
the opposite taper in the line is matched.
As shown in the émbo_diment of Figs. 20-21, an alternate embodiment of
locking structure 425 provides ball-and-socket interconnection between jacket
15 portions 410, 420. Ball members 435 of locking structure 425’ are supported by
extensions 440 for locked engagement within socket members 445. Locking
structure 425’ permits sliding movement along the longitudinal extent of the
control jacket, i.e. along the line, as shown by the different relative positioning of
control jacket portions 410, 420 between Figs. 20 and 21. According to a
20 preferred embodiment, ball members 435, extensions 440 and control jacket
portions 420 are of one-piece construction.

A preferred material for jacket portions 410, 420 is polypropylene, as

described above, which is very reasonably priced. Therefore, any cost



portions 410, 420 can al so be snapped together along their I ength instead
of being sWiob886¥8g each other, as long as the surfaces of tRGEI/AIIABIO2E83/ or
| ocking el enments are sufficiently chanfered (Figs. 18-19) and/or. |atching
el ements 430 are of sufficient thinness. WD 98/36309 -
PCT/ US98/ 02182 23 Also as shown in Fig. 17, an end 490 of control jacket

400 is tapered, ,at, 495 in jacke rtiqqn 410 apd at 505 i,n_cont.rgl  jacket
portion 420. | ndisadypnisg %1%“5 ’B?lﬁﬂgﬁg@ ‘ﬁgg"ﬁf‘@)"' W&P%&Jﬁ%eﬁe
invention, for exanple fiber optic ribbon cables, the thickness of the

ri bbon cabl e t apestions 41n420; imstead pEmirper-imaga portions; araapinisized. t he connect or
down to a thinner portion away fromthe connector. Tapered portions 495,

505 acconmpdat e t he Whilelthe inventiondisbeer descibetbwith réferenceto specific
conti nuous-thi ckness control jacket and |ine conbination is presented.

A though It |S. efiBSdinghe, e oR ® Mtisthitivé 3Rd i 16 be cOMtiH @b fmiting
t hi ckness, doing so wth tapered lines creates a jacket-line conbination of

ol uggi ng i ntb adEdRpen of 8 ypioh O ksburse e vy e SbionhdgEC P
the control jackeft, on the other hand, the opposite taper | n the_line is

mat ched. As sho¢fibediments Sﬁﬂﬁi‘{:‘}“ﬂdﬂ“Fﬁﬂs@ %—%m%iﬁ"aﬂpl’h e FORbodi nent
of | ocking structure 425" provides ball-and-socket interconnection between

jacket 15 port exansplé, the g#si0of Figd. 12+ldndanbe usa@bwith thobolesof Eigs. 1d+2ir or the 5’
are supported by extensions-440 for | ocked engagenent w thin socket nenbers

445. Locking st Eﬁ?éﬂﬁa&gﬂ&5bﬂ?@m-§$ Futthel, fe: deumpon ofalafitds s ofighiet udi nal
extent of the control jacket, 7.e. along the line, as shown by the
different . rel at ﬁ’g%. P-qg'eHb%ﬂin'f&tQﬁave direct application to the embodiments of Figs. 17-
10 21, for example the recited uses of adhesive, materials, end-to-end connections,
tongue-and-groove members 330, 340, etc. According to the invention, a wide
‘variety of lines can be protected in a wide variety of physical environments and
focations. Various other modifications and changes may occur to those skilled in

the art without departing from the spirit and scope of the invention as defined in

15 the following claims.



control jacket portions 410, 420 between Figs. 20 and 21. According to a 20
'preferr.ed_wyé‘%%nt, bal | menbers 435, extensions 440 and (?ém"l’@ﬁ’%?%ket
portions 420 are of one-piece constructio A preferred materiat—for—jacket.

portions 410, 420 is polypropylene, as desCribed abovg, i ' b i
reasonably priced. Therefore, any cost -WD 98/ 363091,"l"”ﬂ""m"'mm'l
PCT/ US98/ 02182M550ci ated with nolding=two v w s *
differently-sh portions 410, 420, instead of
mrror-inmage portions, are mninjzed. 0 Wiile the_inveniion has been
described with kefer ﬁeatw’da%‘ﬁéaqufermm(%?&H@tﬁé_ﬁm‘}&ﬁ%smt’gm
illustrative and is not to be construed as limting 5 t he scope of the

i nventi on. The dfdmnding andtwisting ofthe dine, the contraldarkebecomprisingicket enbodi ment s
can be m xed and matched to suit a particular application. For exanple, the
gaps of Figs. 12-14 GﬂfktEﬁrﬁbie(dsy\iﬁdhidtendlpbﬂi%nﬂsmﬁéﬁrsﬂm&iomﬂndﬂ\e zi pper
fasteners of Figs. 1-3. Further, the description of various aspects of the
Figs. 1-16 enmbodi nents ha ' ' | ' &,ﬂ%P.Fi gs.
17- 10 21,%f or exanple tﬁo{j&eé?ﬁfgg}%&@ s&gﬁﬁﬁﬁiggﬂge%@gﬁtgﬁg end-t o-end
connections, tongue-and-gropve nmenbers 330, 340, etc. According to the

I nvention, a wide variety | ines' can be protected in a wi de variety of
physical environnments and |ocations. Various other nodifications and
changes may occur t olocking strugture @Q0) interpenngeting she fissttpostigmand the seeandh t he

spirit and scope of the invention as defined in 15 the follow ng clains.
portion, the locking structure being constructed to allow movement

of the first portion and the second portion relative to each other as
10 the line bends, in a direction along the lint;, and in the region of the
bend, while Substantially preventing movement of the first portion
and the second portion away from each other;
wherein the contrpl jacket is constructed to limit thé amount of bending and

twisting of the line to minimize damage to the line.

15
2. The control jacket of claim 1, wherein the locking structul.'e comprises:
a plurality of locking elements (120) extending from the first portion
toward the second portion, the locking elements being one-piece
with the ﬁrst portion; and
20 a locking element receiver (130) extending along the second portion to

receive the locking elements, the locking element receiver being

one-piece with the second portion.

e
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CLAIMS A control jack sing a line (200) and for limting the
anount ofwoam@anmmmmmfm"ﬁmﬁlﬂﬁsl I ne, the control | aclkeaT/usssO2is3imMg:
- afirst portion (420)cand a S&CO portion (420), the first portion
(410) and the second portion (420) being cdhstructed to house the line

t her ebetween, and - |ocking structure (425) interconnecting the first
portion (410) dt second, portion.(420), t.he locking structure (425)

bei ng construct®d to ?%W%gﬁe?ﬁ&#%w@‘#w?ﬁe'ﬁ@mg%ﬂm&@fﬂaﬁd t he
second portion (420) relative to each other as the line bends, in a

di rection al ongcompsises meaib{dd0).n the regi on of the bend, while substantially
preventing novenent of the first portion (410) and the second portion (420)

away from each other, - wherein the control jacket is constructed to limt
t he amount of bending and twisting of the line to mnimze danage to the

line, wherein tjie | L B6htl jackbtbfcidithh whepdh Heall is sub cOntihvoy3!
| ocki ng el enent£ (4% ext engi#gg from tRe l?e?rst port“f %’ns‘?ﬁﬁzg&tomr%@i he
second portion (420), the |locking elenments (430) being one-piece with the
first porti dn (410), and - a locking el enent receiver (440) extending
al ong the second portion (420) to receive the |ocking el ements (430), the
| ocki ng el enentS.r eceTheeonten] jackei-of claim whesein apjeast onpef slements
(420), and - wherein the | ocking el ement receiver (440) conprises a rail
(440). 2. The slided alohg theqiait tas the lmediemls. 1, wherein the rail (440) is
substantial ly conti nuous. ’

6. The control jacket of claim 2, further comprising.a plurality of separated

10  engagement elements (30) disposed in a multi-dimensional matrix (20), bending
and twisting of the control jacket being limited by movement of adjacent
engagement elements into engagement with each other, the locking elements each

being one-piece with respective éngagement elements.

15 7. The control'jacket of claim 6, wherein adjacent engagement elements
define openings to permit increased flexibility during bending and/or twisting of

the line.

8. The control jacket of claim 7, wherein the openings are disposed at corners

20  of the engagement elements.

9. The control jacket of claim. 1, further comprising at least one stop member

(480) coupled with one of the first and second portions to substantially prevent

-_—
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-2 - 3. The controlzl “ l““MB““HIN 1 or 2, wherein at |east one of the
| ocki ng SVEPBAEN 43 L ong the rail (440) as the | PREUSIAMS2 4
The control jacket of any one of claims Leto 3, further conprising a

plurality of separated engagenent elenents (30)- disposed in a
mul ti-di mensional matrix (20), bending and tw sting of the control jacket

being |1 m ¢ ed iyiyank IneRPbEYhE Brst BRAISSIHRY bﬁ‘é?ﬂl&fe e difticl
engagenent wi eac ﬁﬂ?ﬁﬁeor\fé eﬁfj ﬂaﬁs%ng el enent)%o"§43 eag&t:i%)el ng ogg pi ece
with respectiv ene 30 The control jacket of claim
4, wherein adf E’E‘gﬁg"%&é %ﬁét‘??g’(eggﬁb%efi ne openings to pernmit

i ncreased flexibility during bend| ng and/or twisting of the-line. 6. The
control jacket of claimb5, wherein the openings are disposed at corners of
t he engagenent elenents (30). 7. The control jacket of any one of clains 1

to 6, further 100npTheicogtraljaticenof claine 1 stvhereiearbend ¢f486 romtonljhckat isi t h one of
the first and second portions (410 420) to substantially prevent relative

sliding ”Dye”%gaer to'deBorhinodhted E&ta&ﬁeﬁﬂé&ﬂ&%alcanﬁéadrqﬁ?t one
on

direction al 1 ne as the control jacket Is asse | ed. 8. The control
j acket of any e of claims 1 to 7, wherein an end of the control jacket is
tapered to ac tate a correspondl ng taper in the line adjacent a
connector for the line. 9. The control jacket of any one of clainms 1 to 8,
wherein the | ocking structure (425) conprises ball-and-socket structure for
I nterl ocking between the first and second portions (410, 420).

11.  The control jacket of claim 1, wherein the locking structure (425)

comprises ball-and-socket structure for interlocking between the first and second |

10  portions.

12, The control jacket of claim 1, wherein the upper and lower portions are

constructed to accommodate fiber optic ribbon cable therebetween.

15 13.  The control jacket of claim 6, wherein the engagement elements defines
gap means for permitting movement of the engagement elements into
| interengagement as the control jacket is bent and twisted, to prevent damage to

the line,

20 14.  The control jacket of claim 15, wherein at least a portion of the gap means

is substantially circular.

_——/’.———_——_’/
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-3- 10. The control ,JJHH'H ’I ﬂmuﬂ'tof claims 1 to 9, wherein the upper
and | onerWQ88/3638hs ( ' Mt ructed to accommpdat PGH/ BSOS ¢
ri bbon cabl e t herebetween. 11 e control, j acket of amy one of. clains 4 to

10, wherein the engagenent el enents (30) asefi nes gap nmeans (40) for
permtting novenent of the engagenent elenents (30) into interengagenent as

the control | et j 'aﬁﬁ s : > U?ﬂﬁ bamid @ 12
The control jacket )é%o gﬁﬁ%’m Ff%@%gﬁlﬁmgﬁox?gvgté? rl;am"(;:)tgr |o?1ﬁ(§Fathe dgg% nmeans
(40) is substantially, circular. (3. The.control jackt qf claiml, further
conprising - 9nHP othe GGPEBUééﬁ"Mﬁ‘F ﬁ@%ﬁ?}fkﬁ"%}"ﬂéﬁmﬁtﬂg i ne

bei ng di sposed between the first portion and the second portion, and -

| ocki ng st r uctthe eontaaljackeritbe cantrod gacketcamprising: st porti on and the second
portion, the | ocking structure being constructed to allow novenent of the

first portion and t{first 6ﬁnﬁkﬁrzs)iﬂmsdoehmpbmnt(qsla,aﬂhmlhehgaﬁspbbﬁ l'i ne
bends, in a direction along the line and 1n the region of the bend, while

bstanti algl ti ' ' : h d
substantialg y preven 'ngb@%W%Qw&%&%ﬁ%ﬁ(ﬁ&f}gc %tnrd e secon

portion away from each ot el n e contr limts the
anount of bending d, tw stin E)sh 'i”%ﬁéo I d M ze..danmage to t i ne.
14, The control | adegkngstupte (100) mfsrebinerting the hrf portipg pidihe seoond”. "' "
substantially flat ribbon cable. 15. The control jacket of claim 14,

wherein the ribbon cabl epediops thedacking,structireibeing;copsiuctediaaliow movement

of the first portion and the- second portion relative to each other as

the line bends, in a direction aiong the line and in the region of the

10 bend, while substantially preventing movement of the first portion
and the second portipn away from each other;

‘wherein thg control jacket limits the amount of bending and twisting of the line to

minimize damage to the line.

15 16. The control jacket combination of claim 15, wherein the line compriseé

'substantially flat ribbon cable.

17.  The control jacket combination of claim 16, wherein the ribbon cable
comprises fiber optic ribbon cable.

20
18.  The control jacket combination of claim 15, further comprising a
connector at one end of the line, the line tapering from a thicker portion

immediately adjacent the connector to a thinner portion away from the connéctor,
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-4 - 16. The controlmmmmﬂ' e of clains 13 to 15, further
conpr i si NYO8B6¥Rect ’Hm mt he line, the line tap®CIIFBPERN a
thinner portion i mredi at%l y adj acent t he nnector to a thicker.portion

away fromthe connector, wherein an end of*the control jacket is tapered 1o
acconmodat e t he taper of the I|ne -17. The control jacket of any one of

glngl Inﬁc&ezjot é%’ﬂ‘gﬁﬁﬁ‘er o e po P@g}%ﬁ%ﬁg&é%@) %g substaﬁtlal y\Mt hgi "

maj ority of thﬁncontrol j acket, the portions (410,420) being slidable with
respect to eacH®®ther as needed to accommopdat e bendi ng and/or twi sting of
the line while remaining | ocked to each other. 18. The control jacket of
claim17, wherein the other portion, (410,420) conprises a plurality of

| at ches (430) and the one portion (420,410) conprises at |east one

protrudi ng porf1pon (A ffdtectiveol Oy fordi dugd yransigisgdonling, ke proesctiveli ng

portion to |lock the portions (410, 420) together while allowing relative

sliding no é}ﬁh Eg&)veﬂﬂg s mﬁﬁb acket of

cl aim 18, V\Eer &h %&&sﬁ%tﬁﬂﬁg&aﬁi&? Jac et nea P2 coﬁ ector 6Jf° t he data
transm ssion line is . free of Latches. The nLr any one of

clainms 13 to 130 GRYSFRg ROFHADS being TECRIv §?%Fﬁ‘§8§%tltﬁ‘§ﬁert%iég? her by an

adhesive at the end of the control Jacket 21 The control jacket of any of
of claims 18 t covgingpastiensalongsubstantially the amajodtyrafithe proteqtive cavering/tw)

allowing the control jacket to readily snap together along the |ength of
the line duri ngoeehpygdriions beifgslidablerwith fespécttto eddidtheisSideliad to

a'ccomxn'odate bending and/or twisting of the line while retnaining locked to each

10  other.

20. The p}ot_ective covering of claim 19, wherein the other covering portion

comprises a plmaﬁty of latches (430) and the one covering portion comprises at

least one protruding portion (440), the latches slidingly engaging the protruding
15  portion to lock the covering portions tog_ether while allowing relative sliding

movement between the covering portions.

21.  The protective covering of claim 20, -wherein an end of the protective
covering (505) xtear a connector of the data transmission'line' is free of latches.
20
| 22.  The protective covering of claim 21, wherein the covering portions are

secured together by an adhesive at the end of the protective covering.

I
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-5- 22. The control 21, wherein the structure aIIOW| ng the
por ti onVQI¥3AP0) lmmmﬂl"wﬂumoget her along the | enBERUSPBANE |'i ne
conpri ses chanfered 8urfaces " 435)*on ths | at ches (430). 23. The control
jacket of claim 21, wherein the |atches ?_430) conprise structure to allow
one of the portions (410,420) to slide into and within the other portion

(410, 420) alopg t elp(? Ic O&}v'i-: shfaﬁm%g?ﬁerﬁﬁ?ﬁmﬁ%gﬂog@ control

jacket. 24. e co ] a any one clai s s'feurther
conprising a {lﬁgtgﬁ) MO one . on ch side of ne
portion (410s I, 9‘}“°B§F91§f @@P&es 1§ % ge the
ot her porti-on (410 420) to prevent sliding novenent of the portions

(410, 420) r ellengtly of the lina during assembilyrofithe protestive godringhe control jacket. 25.
The control jacket of any one of clainms 1 to 24, wherein - the first and

t he second portions (410,420) extending longitudinally along the |line, each
portion (410,420) conprising a plurality of engagenent elenents (30)

f'i ﬁﬁ“iﬁd*;‘ "’Zé‘”‘sl L’?hﬁdﬂ'?‘“e@f #93‘35'“?&5&‘?&5'?3@3%% AR R
| 4
Cubstanti al | FoRRTEROrinRs e Afs Baseﬂﬁsafoagﬁﬁq%&m e GamprE { ne

control | acket the engagenent el ement s (30) Ilimting the anmount of bending
and twi stingch 435penthe latshes. event danmge to the line, and -
wherein the Iocklng structure (425) interconnects the portions (410,420) to

25. The proteétive covering of claim 23, wherein the latches comprise
10 structure to allow one of the covering portions to slide into and within the other
covering portion along the length of the line during assembly of the protective

covering.

26.  The protective covering of claim 19, .ﬁllrther comprising a pair of stop

15 members (480), one on each side of t_he one covering portion, the stop members
being consﬁucted to engaée the other covering portion to prevent sliding
movement of the covering portions rélative to each other during assembly of the

protective covering.

20 27. A control jacket for housing a line and limiting the amount of bending and
twisting of the line, the control jacket compriéing:
first and second control jacket portions extending longitudinally along the

line, each jacket portion comprising a plurality of engagement

.\\
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allow rel ative slidin L“m[tm portlons (410, 420) with respect to
each ot herwwmevﬂmwu ” of the portions (410, g}‘jUSB 2182

elements disposed in a multi—dix;iensional matrix to substantially
cover the line; ‘ |

a plurality of gaps separating adjacent engagement elements of the matrix;'

structure interconnecting the engagement elements to permit movement of

5 adjacent engagement eiements into engagement thh each other,
substantially closing the gaps, upon bending and twisting of the
control jacket, the engagemént elements limiting thé amount of
bending and twisting of tﬁe control jacket to prevent damage to' 'the
" line; and | |
10 structure interconnecting the cont;ol jacket portfgns to allow relative

sliding movement of the contfol jacket portions with respect to
each othelf while preventing separation of the control jacket

portions.
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