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2003. Fi el ? ﬁe I nvention This invention relates to sleeving and sl eeving
assenblies for encasing and protecting elongated itens and especially to 10
| engt hs of sl eeving which nmay be drawn through in situ duct work for later
facilitating positioning of elongated itens in the duct work. Background of
the Invention Elongated itens such as wiring bundles or optical fiber 15
cabl es used for tel ephone, video or conputer comrmunication networks are
often installed in protective ducts which may be buried underground, strung
from support stanchions or positioned wthin building structures along with
other utility and service |Ilines. Such ducts may be, for exanple, extruded
pol ymer tubes 20 which provide substantially continuous protection to the

el ongated itens from noi sture, abrasion, inpact and other environnental
hazards. 27 February 2007 WD 2004/020888 PCT/ US2003/026953 2 Once the duct
is in place, for exanple, underground or throughout a building structure,

it is difficult to position additional cables within it, for exanple, to
increase the capacity of the comrunication network or replace a failed

cabl e. CABLE GUIDE SLEEVING STRUCTURE

Related Applications
This application is based on and claims priority to U.S.
Provisional Application No. 60/406,607, filed Auguét 28, 2002
5 and U.S. Provisional Application No. 60/476,939, filed June 9,
2003.

Field of the Invention

This invention relates to sleeving and sleeving assemblies
for encasing and protecting elongated items and especially to

10 lengths of sleeving which may be drawn through in situ duct work
for later facilitating positioning of elongated items in the

duct work.

Background of the Invention
Elongated items such as wiring bundles or optical'fiber
15 cables used for telephone, video or computer communication
networks are often installed in protective ducts which may be
buried underground, strung from support stanchions or positioned
within building structures along with other utility and service
lines. Such ducts may be, for example, extruded polymer tubes
20 which provide substantially continuous protection to the
elongated items from moisture, abrasion, impact and other

environmental hazards.



5 When the ducts are buried underground or positioned within the

structure

of a building, they are accessible only at isolated node 2dikebmaphedl¥ t he

network i s connected tb:conponents or

splices are‘effected. The relative

i naccessjdhdosoYosed the duct work often precludes any pEiRRBjoslssosse it for
addi tional 10 cables. New ducts are laid or installed or the existing duct

work is scrapped and replaced with new ducts having increased

duct work through which the wiring bund es or optical fiber cables are
installed may al so coglri se the heating and air 15 conditioning ducts
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work is scrapped and replaced with new ducts having increased

capacity.

The duct work through which the wiring bundles or optical

fiber cables are installed may also comprise the heating and

air

conditioning ducts within a building. Such duct work provides a

convenient means for supporting and distributing the

communication lines throughout the building structure.
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Placement of these communication lines within the duct work

is done after the duct work is installed, either during building

construction or in an established building in which the

facilities are being updated or augmented. Installation of the

lines within existing duct work is often a difficult task since

the duct work typically does not follow a straight path, but
winds its way throughout the building structure. Typically,
lines must be drawn through the duct work, sometimes under

considerable tensile force.

Furthermore, items, such as the aforementioned
communication lines, if installed within ventilation ducts,
as alr conditioning ducts, must meet the fire safety

requirements of the Plenum Rating Standard established by

the

such

\J



t he Surface Burning Characteristics of Building Materials and 5 assenblies,
CAN ULC- S102, and the Standard Method of Tests For _ Surface7Bigbriarg2007
Characteristics of Buildithg Materials, UL 723. According to the Pl enum

Rat i ng Sianghad/ebosggat erial in a conpartnment handl i ng carcliru$wosmelesssr f or
circulation through a duct systemshall have a flame spread rating of not
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according to the aforementioned specifications. By adhering to

such codes, greater fire safety is achieved since the elongated
items within the duct work will resist burning and smoking
during a fire, and the duct work will not become a means for

15 spreading fire and smoke throughout the building.

The insulation used with electrically conducting wire and
the sheathing for optical fibers typically do not meet the
requirements of the Plenum Rating Standard. This prevents
positioning of such items within the air conditioning duct work

20 of a building.

There is clearly a need for an apparatus and method for
installing additional elongated items, such as optical fiber
cables or wire bundles within in-situ ducts, which does not
require access to the duct substantially along its length but

25 will allow for relatively easy installation of additional
elongated items with only access to terminal points of the duct.
It is furthermore desirable that, at least for some
applications, the protective sleeving meet or exceed the Plenum
Rating Standard to afford greater protection to the elongated
30 items from fire and allow them to be installed within the

ventilation duct work of a.building.



The invention concerns an el ongated sl eeve structure for the insertion and
protection of elongated itens within an outer duct.. The s| @ghebsraryudAr e
i ncludes a flexible sl€eve conprised 3 5 of a pai{,of opposed | ayers of

woven r &¢d heafdbosks | anents. The opposed | ayers are compeirasdoodfo2ssds p yar ns
and a fill yarn common to. both |ayers. The | ayers having a commobn seanl ess

edge and a second edge, the | ayers being joined along the second edge by a
knit stitch formed by interlooping of ccessive traverses 10 of the fil

yarn. A binder yarn maé also be interlaced with the 1oops of the fill yarn
to faci A4 am Typically, the bi nder yarn has a snaller
di aneter tha #ﬁE% e bul k
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i tens. In a preferred enbodi nent, the warp and fill yarns consi st
essent |cmpqsed J;Ey%nsstaare m@ua&dwftw@rgwmar@dmreﬁllh yarpattern

wherein the fil r.n | oat a ve two or nore of the Sych a
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Sleeveloops of the fill yarn to facilitate closure of the seam. e
Typically, the binder yarn has a smaller diameter than either
the warp or fill yarns so as not to increase the bulk of the
sleeve. The layers are of equal width and are resiliently

15 separable from a first position in which they are in a closely

spaced relationship to a spaced apart relationship in which a
plurality of the elongated items may be accommodated. The
layers are preferably resiliently biased to return to the first

position in the absence of any the elongated items.

20 In a preferred embodiment, the warp and fill yarns consist
essentially of polyester. Preferably, the yarns are woven in a ;
pattern wherein the fill yarns float above two or more of the
warp yarns. Such a pattern is known in weaving and includes

satin, sateen and twill weaves.

25 Alternatively, in oxder to meet the plenum requirements,
the warp and fill yarns may comprise aramid filaments selected .
from the group consisting of nylon, polyphenylene sulfide,
polyvinylidene fluoride, and copolymers of ethylene and

chlorotrifluoroethylene.



structure, the structure further conprises a pull tape positioned between
the opposed layers and extending substantially along the PERehrhargi20phe
sleeve. 5 To facilitate.-drawi ng the sleeving structure through a duct, an
at t achnewo 904#028888ngages an end of the sleeve. The at tRHBEA03/02628e i s
adapted to receive a line for drawing the sleeve through the outer duct.
Preferably the attachnent piece is adapted to attach the sleeve to a
plurality of other sleeves as well when the sleeves are arranged in

overlying rel t%h' QQcﬁﬁgﬁatgﬂgir%% St EEBEP;?;E% | g?.%m@, Eb,%%'ﬁh ¥h@l oSlegyes

bt
to be drawn roug e Si ndl taneous r ef er abl the attachnent

pi ece cempuctatead ¢hemsgtucthee guenietr comprises a puldd edpendi ng t hrough
t he sl eeve and a 1§'flange surroundi ng_.t he tube and attached to the tube at

one endPOSHEORCEhHETEFo &G TREASH dAYEFSERC W HED! the opposed
|ayers LonmngiBa13 @AYy Ard NenotPOR hanad duyeengagenent i th ‘anot her

of the opposed | ayers. ering is’in overlying relation with the flange.
The tube has a |ip engaging and attaching the ring in the overlying

relation with_the fl.ange, The invention al so.concerns an assenbly for
recel vi ng e|EHg§F§diﬁgéﬁ$.%¥ﬁ&}8§s Ifigﬁﬁﬁpp$§ r&C&P&Fa?%E?US% i exi bl e
sl eeves quRACH 28] @QMR MY A Vil QIRYg el O W i e dafdeRidng Therentral
space. Opposing portions of the sidewall of each 25 sleeve are resiliently
bi ased iaftechivesd] pigsaced feabpied tel aicen v ©h ldme fieot kbrawingmdhere a
substantjal ly fl at onfiguration. The I ng .Si dewal |_ portions _are
separ ablseleelv%r’t &%ﬁf@gﬁr{l}ﬁg&‘ﬁ%&? [aélcr-(-'e'c e%&%feﬁ@%éyog%‘ﬁ 3&:‘%‘:&%@"‘% Hi5FS he
central isPaCRptAd dd IHTRNE LG ecsSHC A DIGATIRE, IXtRIMS ZA dlpggiary
2007 WD 2004/020888 PCT/ US2003/ 026953 6 through each of the sidewalls and
j oi rbs t B siaeddy adhary thee sleeves are arranged in overlying relation with
one another, thus enabling a plurality of sleeves to be drawn

through the duct simultaneously.

Preferably, the attachment piece comprises a grommet. The
grommet comprises a tube extending through the sleeve and a’

15 flange surrounding the tube and attached to the tube at one end.
The flange is positioned in engagement with one of the opposed
layers forming the sleeve. A ring is positioned in engagement
with another of the opposed layers. The ring is in overlying
relation with the flange. The tube has a lip engaging and

Jb attaching the ring in the overlying relation with the flange.

The invention also concerns an assembly for receiving
elongated items. The assembly comprises a plurality of flexible
sleeves, each sleeve having a sidewall surrounding and defining
a central space. Opposing portions of the sidewall of each

25 sleeve are resiliently biased into closely spaced facing
relation with one anothe; to assume a substantially flat
configuration. The opposing sidewall portions are separable
into spaced relation to receive the elongated items within the

central space. An attachment piece, such as a grommet, extends



another in overlying relation. The invention al so enconpasses a net hod of
positioning and protecting elongated items within a duct. ZhEebrearsidg07
conprises 5 the steps of: (A) providing a flexible sleeve conprised of a
pai r of woppmaeksgayers of woven resilient filanents cemyus:eds/éossar p

yarns and a fill yarn common to both | ayers, the |layers having a common
seanl ess edge and a second edge, the Iaéers being joined 10 al ong the second
edge by a knit stitch forned by i nterl odpi ng of successive traverses of the

fill yarn, the | ayers_bejng equal wi.dth and being resiliently separable
from a ‘F@F%‘eglao%who%f ‘FPe\/\ﬁ%‘éﬁW?%%? aRd JA1RScFBSePyeE¥&EedCr 8R&t i onship to

a spacego@par t 14 ehadl AR préﬂa%@bﬁh a plurality of the elongated itens 15
may be acconmodat ed, the ayers being biased to return to the first "

position in the absence of any of the elongated itens, a pull tape being
posi ti oned bqueen t he |} %%%%f and extendln Iengé éﬂ g along t he sl eeye;
(B) fixing an Qﬁt%ﬂﬁﬁﬁﬁﬂ TR %ﬂc%ﬂp%ﬁﬁe a1 \ethPde0d: POStiePinfadifly a
line t hppyedct ey diTéngd a2l @Rl RILADS snduet thenbi pethegt Bemgsc&%bﬁent
device; (E) draw ng the sleeve through the duct using the line; "(F)

severi nghehstepeevd:to renove the attachnent device, 25 (G attaching the
el ongated itemto one end of the pull tape; and (H) drawi ng the el ongated
itemthrough the sleeve using the pull tape. Brief Description of the

Drawi ngs 27 Fedy Uagfbﬁo@ﬂ@fngw 20841020888 E¢4/ HIsHPP36846883a7pak-odke 1 is a
per spect ive view of a sleeve structure
opposed layers of woven resilient filaments comprised of warp

varns and a fill yarn common to both layers, the layers having a
common seamless edge and a second edge, the layers being joined {
10 along the second edge by a knit stitch formed by interlooping of
successive traverses of the fill yarn, the layers being of equal
width and being resiliently separable from a first position in
which they are in a closely spaced relationship to a spaced
apart relationship in which a plurality of the elongated items
15 may be accommodated, the layers being biased to return to the
first position in the absence of any of the elongated items, a
pull tape being positioned between the layers and extending
lengthwise along the sleeve;
(B) fixing an attachment device on an end of the sleeve;
20 (C) drawing a line through the duct;
(D) attaching one end of the line to the attachment
device;
(E) drawing the sleeve through the duct using the line;
(ﬁ) severing the sleeve to remove the attachment device;
25 (G) attaching the elongated item to one end of the pull
tape; and .
(H) drawing the elongated item through the sleeve using

the pull tape.

Brief Description of the Drawings



according to the invention; Figure 2 is a detailed view on_an enlarged scal e
of the portion of the sleeve structure within circle, 2 inzﬁf@WP@Y 003
Figure 3 is a perspective view of a plurality of sléeves within a conduit;
Fi gures AV@2094/02088% specti ve views of various enbodi nent BCHUS2043/826853
structure according to the invention; Figures 7-9 are perspective views of
sl eeve structure 10 assenblies according to the invention; and Figure 10 is
a cross-sectional view taken at line 10-10 of Figure 7. Detailed

Description ofg. ref.erre Egrpﬁ)cggtrgq;g Srifd Y al Shawse aé’\::ﬁlé)ﬂg?é ed sl eeve
structure 10 é?é%?ﬁf%g1%£§‘?b {He 17nvent i on. gfeeve structure 10 conprises a
fl exi bl eacdmetivey 1D cdrgprimsrengiapposed | ayers 14 and 16 of woven resilient

filaments 18. Filaments 18 conprise warp yarns 20 and fill yarns 22, the
fill yarns being conmon to both |ayers 14 and 16. The opposed | ayers 14 and

16 have a commnsRAY 83 LURAL AR UP dipidErhidb N ANOISETEIR 0O 2

second edge 26 forned, as best shown in detail in Figure 2, by interlooping
successipartioravel 8w ofladiee fstitugtanre 221 thiitrh @itec beno? hem . Figusenk; cases,
dependi ng upon the node of manufacture, a binder yarn 23 is used to
facilitate closure of the second edge 26. The binder yarn 23 25 traverses

| engg hwi se al e ﬁqgse_aarﬂbﬂsf%ﬁm&iaf@m%w&iﬂ 2 Prutdlityadn s00Pse?.
Preferably, as shown in Figure I, the opposed |layers 14 and 16 are of equal
wi dt h arwi dolpra szorfuifebr uary 2007 WO 2004/ 020888 PCT/ US2003/ 026953 8
sidewal | portions 28 and 30 surrounding and defining a central space 32.
The opposed |l ayers 14 and 16 are nomnally in a substantially flat, closely

spaced rel ati ansflites W6 fd Perspective views of various embodiments of

) . . .
’ a sleeve structure according to the invention;

Figures 7-9 are perspective views of sleeve structure

10 assemblies according to the invention; and

Figure 10 is a cross-sectional view taken at line 10-10 of

Figure 7.

Detailed Description of the Preferred Embodiments
Figure 1 shows an elongated sleeve structure 10 according

15 to the invention. Sleeve structure 10 comprises a flexible
sleeve 12 comprising opposed layers 14 and 16 of woven resilient
filaments 18. Filaments 18 comprise waxrp yarns 20 and fill
yvarns 22, the fill yarns being common to both layers 14 and 16.
The opposed layers 14 and 16 have a common seamless edge 24 and
20 are joined to one another along a second edge 26 formed, as best

shown in detail in Figure 2, by interlooping successive

traverses of the fill yarn 22 with one another. 1In some'cases,

depending upon the mode of manufacture, a binder yarn 23 is used

to facilitate closure of the second edge 26. The binder yarn 23
25 traverses lengthwise along the edge and loops around pairs of

fill yvarn loops 22. Preferably, as shown in Figure 1, the

opposed layers 14 and 16 are of equal width and comprise



themto be easily drawn through a duct 31 as depicted in Figure 5 3. As
further shown in that Figure, opposed |ayers 14 and 16 ar &7%ksbridrgao0y
separable into a spaced:apart relationship, in which relationship a

plurali ated itens 34, such as optical fibe JMre

bundl eswrr%g'jol%@%a%g%omdat ed within the central space gg?@%@?@?‘%ﬁ”y, t he
opposed |l ayers 14 and 16 10 are resiliently biased to return to the
substantially flat configuration in th® absence of the elongated itens 34.
In one preferred enbodi ment, both the warp and fill yarns 20 and 22 consi st
essent islldewadf]l pEintsisines 2hdarai 30 nswer powedi ng samd de veaimg pat ¢entral

characteri ze y "floats" of_ejther p 1 fill _yarns.on the_surface of
t he V\D\F@‘?qea?l’e"f's. The Anpqsed s"a?}éﬁlf%vf4l‘—i‘fé$f eirllglmsnﬂ% YiHteFwoven
al ter neé,lﬁdgtaﬁﬂifhﬁ%@glgﬁ,oaa@éig bifla Sk PSe 1 XL HisHDb € CPRSS yB1Bgsbefore
bei ng interwoven. aves using floats include twill, satin and sateen

weaves.them tha |be mabisly idrawavidsroudlke auductyathsas |depioved 20 Fhgutfel | .
yarns, whereas. in.the sateen Vv he fill _yarns | oat _over_t he rp
yaréﬂlns. sat A e R% Ogﬁ’ar%%%eﬁdl%‘ﬁreha %‘bs?%njg%’(eﬁ ojgsa?‘ﬁa?'lg?w Il's.
In geneir@d reMillierdaly sait-alsid epit YLAVESadé®@ POt efe DRERGIEShiPEYiAr OVi de

a durable fabric "which resists wear and abrasion_and provides a snooth
sur f acavigshyinglawiprishin ipmlurrl itwet elengrieedribpeys pdsi t$eakdasn t he

i nner surf.ace of..t he sl,eeves. This 3all el on ed_jtens 34 be. drawn
mor e R G (T 7 W iTs e R bR et ¢ e dP e BarpEntn

i nst al lat Wddiml hipsdear. storstaraplyNeché abppsodd | Dayéais 0nd Ohndihges! eeve
structure 10 al so provi des advantage 30 when it Is drawn through a duct, as

i t1Grai mne ksl lienphohiased 410 gueHyrnR heo stevauhstant hattyreb@Fly traverse

o owded Al il FEPT R ohd Ulfe el @P%ﬁ%g%fé?ggé&’sfﬁ%ﬁé 09p953 9 and

sharp curve conmpari son w a Slee nor ma

~

In one preferred embodiment, both the warp and fill yarns
20 and 22 consist essentially of polyester and are interwoven
using a weave pattern characterized by "floats® of either warp
15 or fill yarns on the surface of the woven layers. A yarn is
said to "float® when it is not interwoven alternately with each
cross yvarn but skips two or more cross yarns before being
interwoven. Weaves using floats include twill, satin and sateen
weaves. In twill and satin weaves, the warp yarns float over
20 the fill vyarns, whereas in the sateen weave, the fill yarns
float over the warp yarns. Satin weaves are characterized by
having longer floats than twills. In general twill, satin and
sateen weaves are favored because they provide a durable fabric
which resists wear and abrasion and provides a smooth surface
25 with low friction. The floats are preferably positioned on the
inner surface of the sleeves. This allows elongated items 34 to
be drawn more easily through the central space 32 when such
items are being installed within the sleeve structure. The flat
configuration of the sleeve structure 10 also provides advantage
30 when it is drawn through a duct, as it maintains a low profile,

allowing the sleeve 12 to more readily traverse crowded ducts



bi ased into an open configuration. In a particular enbodinent using
pol yester warp and fill yarns in one of the weaves nenti o@2debiname00/he
warp yarns are 5 nonofil:anents having a di aneter ofiabout 0.25 nm the fil

yarns agwg abshoi@nof i | aments having a dianeter of abouicRusReideoand the
sl eeve 12 has a weave density of 20 to 35 dents per inch by 20 to 35 picks

per inch. Alternately, the warp and fill yarns 20 and 22 may conprise 10
materials such as nylon, polypropylene & well as other polynmers. To neet
the requirenments necessary to achieve the Pl enum Rat i St andard al | owi ng
the sl e sharet GUEVES tia isomuarsisan &6t eV t\k@&t i stmmadiet  wor k,

fl|anen&§§@%ﬁlyﬁ oS g éH“Bb ﬁ?ﬁﬁ%ﬁq ¢ to heat, fire and the propensity

not to give ofF SShoke when g are useful. In a pl enum r at ed
enbodi nent of sleeve structure 10, the warp filaments 20 are preferably

nmonof i | aments _conprising _pol yphenyl ene sulfide. .If higher strength is
required, thert™ ReP W%qraﬁﬂﬁo&%%ysé&%ﬂ%% R ARG s such

as 20 KEWLAR 1y chld har @D Riod MR 1AV L HdSD9) ¥phary | ane

sul fi de nonof il aments. Monofilaments are preferred because they provide
gr edi er meoticeli lsimeftrse dmvtinng ke dilegmteramdt tdhautwid 125 meducehe ti‘sﬂ]emcmmfy to

stretch when _subj ecte to tenS|Ie forces,. In fire-resista eeves,

FHIT 11 1AH RS SORIARATFE TS dibA SH ARGy FRRLG ) 11 hd e b as
monof i | (RNt ve MY Had 1d afERle YRS t )0 M5 &, W D fdt aIE?éH%;?O of
pol yphenyl ene sulfide or an aram d as déscri bed above, the ‘conbination is

expect e®@ do/id dixkwpdraliogdnat ed sl eeve which neets the desired pl enum
rating. Hal ogenated materials, such as 27 February 2007 WD 2004/020888
PCT/ .US2003/ 026953 10 fluorinated polynmers, have been effective in the past

in ) Alternately, the warp and fill yarns 20 and 22 may comprise
10 matériais such as nylon, polypropylene as well as other
polymers. To meet the requirements necessary to achieve the
Plenum Rating Standard allowing the sleeve structure 10 to be
installed in building ventilation duct work, filaments having
significant resistance to heat, fire and the propensity not to

15 give off smoke when burning are useful.

In a plenum rated embodiment of sleeve structure 10, the
warp filaments 20 are preferably monofilaments comprising
polyphenylene sulfide. If higher strength is required, then the
warp filaments 20 may comprise monofilament aramids such as
20 KEVLAR®, either alone or in combination with the polyphenylene

sulfide monofilaments. Monofilaments are preferred because they
provide greater axial stiffness to the sleeve and thus will

reduce its tendency to stretch when subjected to tensile forces.

In fire-resistant sleeves, the fill filaments 22 preferably
25 comprise polyphenylene sulfide, either as monofilaments or
multi-filament yarns. When used with warp filaments 20 of
polyphenylene sulfide or an aramid as described above, the
combination is expected to yield a non-halogenated sleeve which

meets the desired plenum rating. Halogenated materials, such aé



achieving the desired plenumrating, however, such conpounds are
di sadvant ageous because they produce noxi ous gases when the37 Féraary 2607 n
anot her enbodi nent, the:fill yarns 22 conprise fire: resistant aram ds such

as N%)%pngﬁgp{;s@ed with warp yarns 20 of pol yphenyl ?&ﬁéﬁ%l‘)&/&% 3

Al ternate ogenat ed conmpounds such as pol yvinyli uori

(KYNAR(r)) and copol yners of ethylene and chlorotrifluoroethyl ene
(HALAR(r)) may be used for the fill 10 arns 22. Multi-filament yarns are
advant ageous for the fill yarns 20 because they are nore flexible and

provi defgeneiabhkted beﬂymemovhaagebeysheledﬁfagtstml Her thet @astt de si ze for the
sl eeve %ructure 0 As . shown_in Figure | eeve assengby 10 al so incl udes
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structure 10 and facilitates the ins | ati on of elongated itens. Once the
sl eeve buroecture is positioned within a duct, the elongated itemis
attached to one end of the pull 20 tape 36, and the other end is drawn

t hrough the sleeve, the elongated itemreplacing the pull tape within the

sl egve StructHrgndfnebr ehBbabh¥ntpukhet #p2139akas a2f kampaiaesrigecti onal
profile to reduce the bulk of the sl eeve structure 10. The pul | tape 36 nmay

be wovenesbSaadédaﬁam@ﬁﬁeswpbeaSnN@Mﬁzébﬁom@BnﬁﬁowuhhgMagmr@ﬁgmﬁ 2heafs such

as aram.d ichow |l t and ni ant nsi ds _duri t he

oul || ngPapePaeruhehon el Earer ol &1EFEBrEe10ke RETPBENSG S 6 OTBRYT Sithg) o
duct toapr pbegtiagMueneatiadrhideeyKyNARES @ed lcaploa e bl nytierdecadi |y
dIStlngalsﬁ oggls?eeve structﬁre f?on1another Thi s ggﬁis advantguéous for

exanpl eanochdoretunfrprgostiyyene {HA&AR®) 2 magebeaspdor the fadd/ 020888
CI/USZOQ%EQZ@%SS ﬁ%ltl filament yarns are advantageous for the fill N

yarns 20 because they are more flex1ble and provide generally
better coverage, yielding smaller interstice size for the sleeve

structure 10.

As shown in Figure 1, sleeve assembly 10 also includes a
15 pull tape 36 arranged within the central space 32 between the
opposed layers 14 and 16. The pull tape 36 extends the length
of the sleeve structure 10 and facilitates the installation of
elongated items. Once the sleeve structure is positioned within
a duct, the elongated item is attached to one end of the pull
20 tape 36, and the other end is drawn through the sleeve, the
elongated item replacing the pull tape within the sleeve
structure 10. Preferably, pull tape 36 has a flat cross-
sectional profile to reduce the bulk of the sleeve structure 10.
The pull tape 36 may be woven, braided or otherwise interlaced
25 from high strength fibers such as aramids which will withstand

significant tensile loads during the pulling operation.

When multiple sleeve assemblies 10 are used in a single
duct to protect communication lines, it is desirable to be able
to readily distinguish one sleeve structure from another. This

30 is advantageous, for example, so as to unambiguously be able to



identify which pull tape is attached to an elongated item and thus, mhich
pul | tape to draw through.a sleeve. ldentification of the 27 Exbyeary 2807
effected by using a trace-yarn 38 interwoven as a warp yarn over the length
of the slwOw0420888t ure 10. 5 Trace yarn 38 has a col or RGI/G$R0eIN26ISASt S Wi th
the colors conprising the warp and fill yarns 20 and 22 and, thus, allows
the sl eeve assenblies 10 to be color co and readily distinguishable.one
from anot her by merely observing the colors of the trace yarns 38 at either

end of tk 2eve stric 0.it o,.he_deshr | e
det ect tEge%%gg ng§&8# £ﬂg§e%% < aagﬁéggeasggucgu%gqﬁ§%5%4o %glls W thin
a duct ambdusnowhichughly ehper ‘t@bﬁ&alethS‘oughabl bilegvies addamitdgd@ss ifoh
* check the contan|ty of ,a sl eeve structure for exanple. To this end, a

det ect i oRTf FPEnERPNESTAF BETREFER BNMONGiREL R tRECRaVFTTS 3 Ams exyoven

| engthvi 5 al gagyt el geue THUGLMRN Br PRLeChale ARl A0 o ses

an electrically Conducting wire whicCh e sleeve structure 10 to be
det e& ed Tirpcengrachi 38 bas aa@bao&f@muehcyomﬁmhstquwathTmne|cohmme0|alIy

useful for dugts whjch are burjed_.as the detection _neans, for ex an
20" el ect FOMRGNELRE NS HABENEBY 4ddeyadas: BY Boddh ke dTBiing S HEtFben

the det cehioB1ucie 488RR13oACHoCHOBARRALE! Lbdetl el eatinafi 0 recel ver,
to provide inmediate indication of the presence or absence of the sleeve

st ruct ur dis@inglishebdkeongat da-oirt ampt[bm foyo medr edivt lobrs egenitraltispasd @ 25
carry electr cal currents y de5|r shi.el d th se .itens from

el ect r om&gné&titc FﬁF&rV@F@ﬁcé% g% eF@ﬁE% %%@h? YSoutce of
EM adversely affecting other electrlcal current carr|ers, in which case it

is dgsirable to isolate them As shown in Figure 4, the sleeve structure 10
may serve adtameli ellgpi bel dlesrired EM blwaﬂoﬂe itiec Glet@cdt itdre gfregsence or

‘2’88‘;”‘3“ IR 612 SRR 1AL L3 QU9 & 1] SN nSPA Stk RRR ATy
not visually observable. This capability is advantageous to
check the continuity of a sleeve structure for example. To this
end, a detection filament 40 may be woven along with the warp

15 vyarns 20 lengthwise along the sleeve structure 10. Detection
filament 40 comprises an electrically conducting wire which
allows the sleeve structure 10 to be detected by inductive or
radio-frequency techniques. This is especially useful for ducts
which are buried as the detection means, for example, an

20 electromagnetic disturbance, passes easily through the ground

between the detection wire 40 and a detection apparatus, such as

a radio receiver, to provide immediate indication of the

presence or absence of the sleeve structure 10.

If the elongated items positioned within central space 32
25 carry electrical currents, it may be desirable to shield these
items from electromagnetic interference (EMI). The items
themselves may be a source of EMI adversely affecting other
electrical current carriers, in which case it is desirable to
isolate them. As shown in Figure 4, the sleeve structure 10 may
30 serve as a shield/isolator of EMI by the incorporation of a

conducting layer 42 substantially surrounding the central space



WO 2004/ 020888 PCT/ US2003/ 026953 12 32. Conducting |ayer 42 may conprise a
| ayer of metal foil 44 (preferably aluminum) or, as._illustratEPvayePlre
5, may conprise a pluratity of interlaced conductors 46. Conductors 46 nmay

be inter odbdobsst he warp and fill yarns 20 and 22 or g@fesfodiipgedzor m of a
distinct layer attached to the sleeve structure 10. The conductors 46 may,
for exanple, conprise selected warp and fill yarns coated with a conductor,

such as silver or copper, and be in el et?rical contact substantially al ong
the length and width of the sleeve structure 10.. Upon grounding of 10 the
conduct i Ag -l afferdssting Jiayiers dry @ayo CSHREE R ilsgies O metalk &l nidin

t he sl ee : E I Id &9 tFQ.g“l. Md ae eve
structur\e(f)f%tf\%#t%%igeaé%ﬁ%?%;ms)e rdasaltso;lqglfl%g:f%f%l%lﬁ g’ I'n atél on g?él t he sl eeve
struct ur eompyiseon elamplldtyf ed lintaird adedl passhgedrty Algh adkshuahitcirs W6
enabl e the s|leeve structure 10 to be inflated, .iit is advantageous, as _shown

in Fi gur 838, bRo 1BSEIWANEns Widle the WaP &0G Xl varpe yifbrnb#d fF 45Ki ch
S B oyl R e AL cr e Gty Y il elld St £ et

. r
coatings 47, utilizing zinc conmpounds, nmay al so be e oyed on the sleeve

12, 20 f a0 .exdmel eonkimcioasedtc mety;,, rfidrdexaapd ot empdecsy s AecteiMwarp
Figure 1 Leeve structure i.ncludes attachnent piece 48. Attachnent

. _the,
pi ece 48%%ﬂjlleymsofzoa§@\¢ef‘”&lt & tOTnd SRR & mul ti pl e

sl eeves t@dhRr,0RR@R Hel d1>cAYEI M Rt IRBIAAAHADIAN A He S 25
illustrated in Figures 7-9. As shown in Figure 7, the attachment piece 48

may al solpngkhdend mocddh of wher sleduanstdictume B .at Ui dtaudiiag o or
nore sl eeye structures 10 through. a duct. As shown.i.n _Fj qures nd 7, in a
r el 1 oG hBCOA eI Tgr 12y A o idatt Sk A FO BRI Y dethe piee 48

conprisegtdms within the sleeve structure 10 from EMTI.

It may be desired to inflate sleeve structure 10 with a
compressed gas or other fluid. Inflation of the sleeve
structure may, for example, facilitate its passage through a

15 duct. To enable the sleeve structure 10 to be inflated, it is
advantageous, as shown in Figure 6, to coat the sleeve 12 with a
flexible polymer coating 45 which seals the interstices formed
when the sleeve structure 10 is woven. Other coatings 47,
utilizing zinc compounds, may also be employed on the sleeve 12,

20 for example, to prevent rot, mildew and other decay.

As shown in Figure 1, the sleeve structure includes an
attachment piece 48. Attachment piece 48 may take one of
several embodiments and serves to attach multiple sleeves 12 to
one another in overlying relation to form an assembly'as

25 illustrated in Figures 7-9. As shown in Figure 7, the
attachment piece 48 may also provide a location where a line 49
may be attached to draw one or more sleeve structures 10 through

a duct.

As shown in Figures 1 and 7, in a preferred embodiment of

30 the sleeve structure 10, the attachment piece 48 comprises a



27 February 2007 WD 2004/020888 PCT/ US2003/ 026953 13 grommet 50 |0 d at
one end of the sleeve 12.. As shown in cross section_jn Fi %@%@%?@ﬁet
50 conprises a tube 52 that extends through one or nore sleeves 12. A

fl ange 54 WO 2004t02e888d to one end of the tube 52. The fl| BAFASIW3REN? des a
surface 56 5 engageable with an opposed | ayer 14 of one of the sleeves 12 to
retain the grommet to the sleeve. The grﬁgnet al so conprises a ri.ng 58

whi ch receives tube 52 and is positionable in overlying relation with

flange 54, Bing 5& p]f(ﬁé/al@gé S Siid ags 69 angaaeall & w3 h *aﬁgta@sﬁpﬁﬂsed

| ayer 16,  eirther on the sane 10 sleeve 12 or on another sleeve I n

over |l yi ngcredsit semtivn hin tfiegpire s10 nansost eeh® ¢ampEetsesn & heulge obPethab t he
‘sl eeve or assenbly of sleeves. The ri 58 is. retained b lip 62 forned
by out war&FyeR e*f%%olfq}r MY %éﬂ?%eﬂ?%gﬁ‘ae%o}?dw&kﬁ@n#o%ésgg =Erarhed 5o
may be usged Gfle ersd NGt Ecipd BEYSe S3F UCIHE AfhdiSe IOV dwi d8s Fh I8 Brdce0b6aS
'shown in Figure 10, on a sleeve structure assenbly 64 to attach a plurality
of sl Beveengageablesvith coe oppotedrlayenvit | 9f nene edhit tlvashlipevahelgr bomet
50 enabl es tsj ngl.e or multiple élgee%le structures 10 to_be. drawn through a
duct. AfteFEEIHE HReTOEIF Ut UrHeE 19 ST postts Hed™F £ HFhSP heOBBE 4TED, 2t he

gromet 5Pihng s&RNEch EEEBFED| uby SEVALH NDs Ihesi S &8Y81 81 {NCHWEL1Ping
structures at or near the grommet. Figure 8 shows anot her attachnent™ pi ece

48 in theréebapiof whth flkan®® hat Rirg sSelwprevides chesurhroaeghOt he opposed
| ayers 14 and of |tiple sleeves 1 0 join themto one other for 25
si mul tane%%%a%‘?%‘g}%d’”g%ht?fgoég%%n%?gloﬁ?ﬁ%o{@%é% Q@tt?ltllﬂ%?sﬂ?ueﬁg 88" Br ovi de
a stnong aléacanEntopesneiother S8 Pe B3 I ULh UbRSr1PiMgi £81 3L $8nPwe¥hdes a
jointyfor receiving a line 68 (shown in dotted |line) |ooped between the

over | yi ngtBeebiest snamed us beevertelreekatn t een ghemngh Bocbhdusieeve or

assembly of sleeves. The ring 58 is retained by a lip 62 formed

=

by outwardly reverse foldiﬁg the tube in a cold-working process.

Grommet 50 may be used on a single sleeve structure 10 as shown
15 in Figure 1, or as shown in Figure 10, on a sleeve structure

assembly 64 to attach a plurality of sleeve structures to one

another in overlying relationship. The grommet 50 enables

single or multiple sleeve structures 10 to be drawn through a

duct. After the sleeve structures 10 are positioned within the
20 duct, the grommet 50 is removed, preferably by severing the

sleeve structure or structures at or near the grommet.

Figure 8 shows another attachment piece 48 in the form of
sutures 66 that are sewn or stitched through the opposed layers
14 and 16 of multiple sleeves 12 to join them to one another for
25 simultaneous drawing of the assembly through a duct. The
sutures 66 provide a strong attachment between the sleeve
structures 10 which also provides a joint for receiving a line
68 (shown in dotted line) looped between the overlying sleeve

structures for drawing them through a conduit.

30 Figure 9 shows another attachment piece 48 in the form of

frangible posts 70 and cross pieces 72. Posts 70 extend through



30 Figure 9 shows another attachnent piece 48 in the formof frangible
posts 70 and cross pieces 72. Posts 70 extend through 27 Feb?Ulg§ruan@p07wo
2004/ 020858 PCT/ US2003/:026953 14 the opposed |l ayers 14 and 16 of nultiple
sl eeve stywiashob/Pessk0 connecting themto one another. ThecRU$Hes/es3ES 72
are positioned at either end of the posts 70 and engage the outernost

sl eeve structures to retain the sleeve structures 10 5 in overlying relation
while the assenbly of sleeve structures 3% being drawn through a duct. The
posts and cross pieces are designed to be_strong enough to hold the sleeve
st ruct ur €8¢ ppReEREr laveirsgléhangr df ofr s irRe sdeevepmtrarduramsmdiol e so
as to se a tr ures., ] 10 to a
tensile Pgégggggggcégéﬁwﬁgnggg %F%%é% ed #@%nfl?sgﬁgﬁgﬁégfﬁggggﬁaone of the
central ppatesodédoatasythbrt badsbEerde bdstsPref eandblengalgee thrests and cross
pi eces are formed froma polynmer such as nylon, polypropyl ene or '

pol yet hyPBREIMPHE FLERYPhHSETUSEYEEE Ry reEsie the slegde Iausdarres Lhe
Crosg Pl 86Co8a1 MG 120G tehhCRHT] Pinel Qs sEXRIR) Br ACUROALIRG. A AP
Cross sectron or a notc Ich™wi'll act as a failure initiation point upon
appl i cat betingf daatranshkreubhad. dlke .i nThrt postal aadc eroesnpikeaert @ of
positioning, elqQngated itens within_a duct _using the sleeve structure 10 20

accor di ngeFdonRe ﬁv?ﬁtFGHPanepﬁégﬁeﬁﬁbéoéécGPGiﬁ&quQEﬁgqqﬂFHﬁQ%nn a
sl eeve SEBB%EH_&% éQFQBga'Eh%Sﬁ?:gW ¥hougheehe 61%1%!1:‘%‘3 .‘dﬁ:eﬁfes HRiAd A
attachnment “device, tor exanple, the gromret 50, is fixed onto an end of the
sl eeve sasutbuseperaskecand zslenisley the Isleevies strawturs miremu ghulijlee taidtt
and gne end of the_lipe is attached tgﬁ;he sl eeve structure ,or assenply

or

usi th@?aﬁt&@ﬁﬁéﬁ? effc@snBGRUES YOS 68 &4qnorteds e 1§ Rtk
assembl y+13ohBRNoHEAWR the central spaces 32 of any of the sleeves 12.

}

Preferably, the posts and cross pieces are formed from a polymer
such as nylon, polypropylene or polyethylene. The frangible
aspect may reside in either the post or the cross piece and may
15 be effected by, for example, incorporating a narrowed cross
section or a notch which will act as a failure initiation point

upon application of a tensile load.

The invention also concermns a method of positioning

elongated items within a duct using the sleeve structure 10

20 according to the invention. In the method according to the
invention, a sleeve structure 10 or an assembly of sleeve
structures is provided. An
attachment device, for example, the grommet 50, is fixed onto an
end of the sleeve structure or sleeve assembly. A line is drawn

25 through the duct and one end of the line is attached to the
sleeve structure or assembly using the attachment device mounted
on its end. The sleeve structure or assembly is then drawn
through the duct using the line. Upon completion of the draw,
the sleeve structure or assembly is severed to remove the

30 attachment device. The elongated item to be posgitioned within

the duct is attached to one end of a pull tape in the central



t hrough the duct using the line. Upon conpletion of the draw__the sl eeve
structure or assenbly is.severed to renove the 30 atﬂ;t}achrrent217(fébﬁué@’.20ﬂ3fe
elongated itemto be positioned within the duct is attached to one end of a
pul | tapewon2dive2osgnt ral 27 February 2007 WO 2004/ 0208388CTPI200821695% 026953
15 space of one of the sleeves, and the elongated itemis drawn through
the sl eeve using the pull tape. Sleeve sjeuctures and assenblies according
to the invention, when used to position el ongated itens within duct 5
wor k, praqyvide several vantages. Due to, their .flat .confi.guration, the

sl eeve stPUC euroc;?s{ and °ngst§}$o| 65 pavs aéhdsiq@lye YR %gtﬁa; lctger%ﬁﬂﬁ ,Cﬂé‘—’b‘"g% one
whi ch i s wianrerst athaMdlleaiidarsimplies pdlilnespand the |ike. Thus, the sleeve
structures according to the invention may be used to augnent a pre-existing
network or create a network from scratch. The sleeve structures prevent
tangling and spiral ] t I I 1Y 0 a

pr edet er m ned glze?‘}éé]n\%etl(}glpe %%fgawé%@%%%su%%@% h%g]?dlﬂngltted space
avai | abl einmerdiror, hevidhic tu sl & |8 ing ot edictiga Heat Kitwngd enisiliire duchhe

sl eeve structures present a snooth, 15 durable surface to the el ongated

i t ens® by ¥ATRuPTHVIdR SAERIE L ANERGAIRS £ | RS t Hisidd $4%wil 1, satin and
sat een Weaas;: | Sd edueess 1t rdGt VRRD G nd
t he el ongat eﬁﬁ%ﬁ% uring ZSlpu éaéntgqaﬁhgtm%éfor I%gr%g%%ﬁ/ﬁesﬁét%yb%égﬁf

ef f ect ed tsioupH ewerorpidilt f crvas and IwHieds icharemyexftddiwitle athe20 a pul |

tape or elqgngated jitem 27 February 2007 16 CLAIMS 1. A sleeve assenbly
for receiSANESNd iRt ARG i @l bHiat ed M4t e NitIFeV S YAt YRS sl eeve

assenbly'éEHH¥Afﬂd“¥oi%he invention may be used to augment a pre-existing

;b network or create a network from scratch. The sleeve structures
prevent tangling and spiraling of the elongated items, confining
them to a predetermined size envelope to afford maximum usage of
the limited space available within the duct and allowing greater
packing densities. The sleeve structures present a smooth,

15 durable surface to the elongated items by virtue of the weave
which uses floats as found in twill, satin and sateen weaves.
This reduces the friction between the sleeve structure and the
elongated item during a pull and allows for longer pulls to be
effected using lower pull forces with less chance of failure of

20 a pull tape or elongated item.
)



plurality of separate and i ndependent sl eeves positioned |engthw se

adj acent to one another, each said sleeve conprising: a si ddwebruary 2007
surroundi ng and defining a central space, at |east one of said sidewalls
having a weave density of 25 to 35 dents per inch by 25 to 35 picks per
inch, said sidewall being formed froma plurality of warp filanmentary
menbers interwoven with a plurality of weft filanmentary nenbers, said warp
and said weft filanmentary nenbers consis§ing essentially of polyester
nonofilaments, said weft filanentary nenbers being resiliently biased
radially outwardly so as to resilient]yy@intain said sleeve in an open
configuration, said ware nonofil anents have a di aneter of about 0.35 mm
sai d mefi &Fnﬁfilanents ﬁ?ve a_di anmet er of _ahout Q.Zﬁ.nnj i Rull ord
posi tioned W PhERVSaf BSEBREY af CEpAtES Ak ExtRAPhG T PERGPRWSSE 98 *Sai d
sl eeve;, apdnsahdrasseablidctyrthea snebyudi Ags8RmBN§ E6hprikfHytageously
drawi ng said Elurality of sleeves through said duct. 2. A sleeve assenbly

accor di nplupatityned, Separace epfApindpREnAant oel eFvVPaCRES1SAPPEENdI ng sai d
plural'tXegétﬁ&f§¥e§?iggengxkSnghggahggﬂégm‘égchhgégdagﬁﬁgvesa'd j acket
y SI dewa

havi ng an nwar cI'ng surfacé engagrng sai s of said sleeves,
sai d i nwaedpyisbegngasstfilaseltoaprirsiingisgi dndedasifhong ai pehtanéously
drawing said plurality of sleeves through said duct. 3. A sleeve, assenbly
accordinapeeec|%Fn+9?SRm%P@iﬁfsaﬁadjaeﬂgwaléanBﬁVéeg a peravrs Fepssfy of

interl aceg EB'?§?@&§E¥ pbensn B¢ E;b{gaés B90¢s pér4inlnsl egyg assenbly

according to claim 3, erein said il amentary nen%ers conprising said

j acket asgdewdéllhetdgbformedvingn sapduratkey béi ngrpi Zedagenasryyo forcibly

engage salth o LESILENILYCR 358 3 geNalh et o8 det! e8YSR AR ANt TallY
members, said warp and said weft filamentary members consisting
essentially of polyester monofilaments, said weft filamentary
members being resiliently biased radially outwardly so as to
resiliently maintain said sleeve in an open configuration, said
ware monofilaments have a diameter of about 0.35 mm, said weft
moncfilaments have a diameter of about 0.25 mm; a pull cord
positioned within said central space and extending lengthwise
of said sleeve; and said assembly further including means for

simultaneously drawing said plurality of sleeves through said

duct.

2. A sleeve assembly according to claim 1, further comprising
an outer jacket surrounding said plurality of sleeves and
extending lengthwise there along, said jacket having an
inwardly facing surface engaging said sidewalls of said
sleeves, said inwardly facing surface comprising said means for
simultaneously drawing said plurality of sleeves through said

duct.

3. A sleeve assembly according to claim 2, wherein said jacket

comprises a plurality of interlaced filamentary members.



along their lengths, said jacket having a cross-sectional profile
substantially conformng to said sidewalls. 5. A sleeve ass@r?tﬁe}’r‘&’&’:%wﬂ ng
to claim1, wherein said filanentary nenbers are woven in a pattern
selected fromthe group consisting of satin, sateen and twill weaves. 6. A
sl eeve assenbly according to claim 1, wherein one of said warp and said
weft filanmentary nmenbers conprise polyester. 7. A sleeve assenbly according
to claim®6, wherein one of said warp aht said weft filanentary nenbers
further conprise nylon. 8. A sleeve assenbly according to claim®6, wherein
one of said warp and said weft filanmentary nenbers further conprise

pol ypropyl egeg, ve%%%ﬁh‘f aééggP!ﬂn&CEQrQlé‘?mt? claLmi %"Q?gei n said warp
y nenbers conp [ e

and weft fllaneﬁgar rirsearamd | afrent s™ sel ect fromthe
group cofisishemgany mgthioars pobyphesayhgnsasdl jadeet pokyvnngkidend bluori de,
and copol yners of ethylene and ,chlorotrifluoroeth¥lene ,
wéaving, sald®jacket being sized so as to forcibly engage said
resiliently biased sidewalls of said sleeves substantially
along their lengths, said jacket having a cross-sectional
profile

substantially conforming to said sidewalls.

5. A sleeve assembly according to claim 1, wherein said
filamentary members are woven in a pattern selected from the

group consisting of satin, sateen and twill weaves.

6. A sleeve assembly according to claim 1, wherein one of said

warp and said weft filamentary members comprise polyester.

7. A sleeve assembly according to claim 6, wherein one of said

warp and said weft filamentary members further comprise nylon.

8. A sleeve assembly according to claim 6, wherein one of said
warp and said weft filamentary members further comprise

polypropylene.

9. A sleeve assembly according to claim 1, wherein said warp
and weft filamentary members comprise aramid filaments selected
from the group consisting of nylon, polyphenylene sulfide,
polyvinylidene fluoride, and copolymers of ethylene and

chlorotrifluoroethylene.





