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each sleeve being Woven from Warp and Weft ?lamentary 
members that form sidewalls surrounding and de?ning a 
central space. Pull cords are located Within each central 
space for draWing the elongated items through the sleeves 
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South?eld’ MI (Us) once positioned Within a duct. The assembly includes means 

for draWing the sleeves simultaneously through the duct, 
such means including an outer jacket surrounding the 
sleeves, the jacket having an inwardly facing surface that 
exerts a compressive force on the sleeves causing them to be 
draWn through the duct together With the jacket. The means 
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may also include a loop Which attaches the sleeved together 
at one end. The sleeves may be biased into an open or a 
substantially ?attened con?guration. 
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SLEEVE ASSEMBLY FOR RECEIVING 
ELONGATED ITEMS WITHIN A DUCT 

RELATED APPLICATIONS 

[0001] This application is a divisional application of US. 
application Ser. No. 10/651,198, ?led Aug. 28, 2003, Which 
claims priority to US. Provisional Application No. 60/406, 
607, ?led Aug. 28, 2002, and US. Provisional Application 
No. 60/476,939, ?led Jun. 9, 2003. 

FIELD OF THE INVENTION 

[0002] This invention relates to sleeving and sleeve 
assemblies for encasing and protecting elongated items and 
especially to lengths of sleeving Which may be simulta 
neously draWn through in situ duct Work for later facilitating 
positioning of elongated items in the duct Work. 

BACKGROUND OF THE INVENTION 

[0003] Elongated items such as Wiring bundles or optical 
?ber cables used for telephone, video or computer commu 
nication 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 Which provide substan 
tially continuous protection to the elongated items from 
moisture, abrasion, impact and other environmental haZards. 

[0004] Once the duct is in place, for example, under 
ground or throughout a building structure, it is dif?cult to 
position additional cables Within it, for example, to increase 
the capacity of the communication netWork or replace a 
failed cable. When the ducts are buried underground or 
positioned Within the structure of a building, they are 
accessible only at isolated node points Where the netWork is 
connected to components or splices are effected. The relative 
inaccessibility of the duct Work often precludes any attempt 
to use it for additional cables. NeW ducts are laid or installed 
or the existing duct Work is scrapped and replaced With neW 
ducts having increased capacity. 

[0005] The duct Work through Which the Wiring bundles or 
optical ?ber 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 build 
ing structure. 

[0006] 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. Instal 
lation of the lines Within existing duct Work is often a 
dif?cult task since the duct Work typically does not folloW a 
straight path but Winds its Way throughout the building 
structure. Typically, the lines must be draWn through the 
duct Work, sometimes under considerable tensile force. 

[0007] Furthermore, items, such as the aforementioned 
communication lines, if installed Within ventilation ducts, 
such as air conditioning ducts, must meet the ?re safety 
requirements of the Plenum Rating Standard established by 
UnderWriters Laboratories. The Plenum Rating Standard 
UL1995 establishes minimum requirements for both ?ame 
spreading and smoke development based upon test speci? 
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cations, particularly the Surface Burning Characteristics of 
Building Materials and assemblies, CAN/ULC-S102, and 
the Standard Method of Tests For Surface Burning Charac 
teristics of Building Materials, UL723. According to the 
Plenum Rating Standard, material in a compartment han 
dling conditioned air for circulation through a duct system 
shall have a ?ame spread rating of not more than 25 and a 
smoke developed rating of not more than 50 When tested 
according to the aforementioned speci?cations. By adhering 
to such codes, greater ?re safety is achieved since the 
elongated items Within the duct Work Will resist burning and 
smoking during a ?re, and the duct Work Will not become a 
means for spreading ?re and smoke throughout the building. 

[0008] The insulation used With electrically conducting 
Wire and the sheathing for optical ?bers typically does not 
meet the requirements of the Plenum Rating Standard. This 
Would otherWise prevent positioning of such items Within 
the air conditioning duct Work of a building. 

[0009] There is clearly a need for a device and a method 
for installing additional elongated items, such as optical 
?ber cables or Wire bundles Within in-situ ducts, Which does 
not require access to the duct substantially along its length 
but 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 items from ?re and alloW them to be installed 
Within the ventilation duct Work of a building. 

SUMMARY OF THE INVENTION 

[0010] The invention concerns a sleeve assembly for 
receiving and protecting elongated items Within a duct. The 
sleeve assembly comprises a plurality of separate and inde 
pendent sleeves positioned lengthWise adjacent to one 
another. Each of the sleeves comprises a sideWall surround 
ing and de?ning a central space. The sideWall is formed from 
a plurality of Warp ?lamentary members interWoven With a 
plurality of Weft ?lamentary members. The Weft ?lamentary 
members are resiliently biased radially outWardly so as to 
resiliently maintain the sleeve in an open con?guration. A 
pull cord is positioned Within the central space and extends 
lengthWise of the sleeve. The assembly further includes 
means for simultaneously draWing the plurality of sleeves 
through the duct. Preferably, the ?lamentary members form 
ing the sleeves are Woven in a pattern selected from the 
group consisting of satin, sateen and tWill Weaves. 

[0011] In one embodiment, the sleeve assembly includes 
an outer jacket surrounding the plurality of sleeves and 
extending lengthWise there along. The jacket has an 
inWardly facing surface engaging the sideWalls of the 
sleeves. The inWardly facing surface comprises the means 
for simultaneously draWing the plurality of sleeves through 
the duct. Preferably, the ?lamentary members comprising 
the jacket are interlaced by braiding. This alloWs the jacket 
to exert an inWardly compressive force on the plurality of 
sleeves When it is placed under tension. 

[0012] In another embodiment, the ?lamentary members 
comprising the jacket may be interlaced by Weaving. The 
jacket is siZed so as to forcibly engage the resiliently biased 
sideWalls of the sleeves substantially along their lengths. 
The jacket has a cross sectional pro?le substantially con 
forming to the sideWalls. 
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[0013] In another embodiment of the sleeve assembly, a 
loop extends transversely to the plurality of sleeves. The 
loop is positioned at one end of the sleeves and penetrates 
the sideWalls of each of sleeves. The loop comprises the 
means for simultaneously draWing the plurality of sleeves 
through the duct. 

[0014] In yet another embodiment of the invention, the 
sleeve assembly comprises a plurality of separate and inde 
pendent sleeves positioned lengthWise adj acent to one 
another. Each of the sleeves comprises a sideWall surround 
ing and de?ning a central space. The sideWall is formed from 
a plurality of Warp ?lamentary members interWoven With a 
plurality of Weft ?lamentary members. Opposing portions of 
the sideWall are resiliently biased into facing relation With 
one another such that each sleeve assumes a substantially 
?at con?guration. The opposing sideWall portions are sepa 
rable into spaced apart relation to receive the elongated 
items Within the central space. A pull cord is positioned 
Within the central space of each sleeve and extends length 
Wise along the sleeve. The assembly further includes an 
outerjacket surrounding the plurality of sleeves and extend 
ing lengthWise there along. The jacket has an inWardly 
facing surface engaging the sideWalls of the sleeves for 
simultaneously draWing the plurality of sleeves through the 
duct. The jacket is later removable to alloW the sleeves to 
expand to receive elongated members. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a perspective vieW of a sleeve assembly 
having a braided outer jacket according to the invention; 

[0016] FIG. 2 is a perspective vieW of the sleeve assembly 
shoWn in FIG. 1 being draWn through a duct; 

[0017] FIG. 3 is a perspective vieW of another embodi 
ment of a sleeve assembly according to the invention; 

[0018] FIG. 4 is a perspective vieW of the sleeve embodi 
ment shoWn in FIG. 3 in use; 

[0019] FIG. 5 is a perspective vieW of yet another embodi 
ment of a sleeve assembly according to the invention; 

[0020] FIG. 6 is a perspective vieW of still another 
embodiment of a sleeve assembly according to the inven 
tion; and 

[0021] FIG. 7 is a perspective vieW of the embodiment 
shoWn in FIG. 6 having additional components. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0022] FIG. 1 shoWs an embodiment of a sleeve assembly 
10 according to the invention. Sleeve assembly 10 com 
prises an outer jacket 12 having a sideWall 14 that surrounds 
a central space 16. SideWall 14 is formed of a plurality of 
?exible, resilient ?lamentary members 18 Which, for this 
embodiment, are interlaced together by braiding for reasons 
explained beloW. Filamentary members 18 are preferably 
mono?laments made of a thermoplastic polymer such as 
nylon, polyester, polypropylene, polytetra?uoroethylene, 
PEEK and PPS. Bi-component materials, such as nylon 
sheathed in polypropylene, are also feasible and provide 
mono?laments having loW surface tension on the outer 
surface and a tough, abrasion-resistant core. SideWall 14 
may be made of one type of ?lamentary member or a blend 
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of several types to achieve a combination of characteristics 
such as abrasion resistance, resistance to heat and loW 
friction coef?cient. It is also feasible to form ?lamentary 
members 18 from multi?lament yarns. 

[0023] A plurality of separate and independent sleeves 20 
are positioned Within the central space 16 and oriented 
lengthWise along the outer jacket 12. Each sleeve 20 has a 
sideWall 22 Which surrounds and de?nes a respective central 
space 23. Sleeves 20 are constructed of interlaced ?lamen 
tary members 24, preferably consisting essentially of poly 
ester Warp mono?laments 25 and polyester Weft mono?la 
ments 27 Which are interlaced by Weaving for reasons 
explained beloW. The use of interlaced ?lamentary members 
for both the outer jacket 12 and sleeves 20 advantageously 
provides a ?exible assembly Which can be routed along a 
curving path With out kinking and collapsing. 

[0024] Within each sleeve 20 is a pull cord 26, preferably 
in the form of a ?at tape of Woven or braided multi?lament 
yarns such as polyesters or aramids, for increased tensile 
strength. Pull cords 26 are used to draW elongated items, 
such as optical ?ber cables or Wire bundles through the 
sleeves 20 When the assembly 10 is positioned Within a duct 
as described beloW. 

[0025] Sleeves 20 are positioned Within central space 16 
and are siZed relatively to one another so that their sideWalls 
22 are in contact With each other and With the inWardly 
facing surface 14a of sideWall 14 of the outer jacket 12. The 
Weft ?lamentary members 27 are resiliently biased to pro 
vide suf?cient radial stiffness to maintain the sleeves 20 in 
a substantially open con?guration and resist crushing upon 
application of radial compressive forces by the outer jacket 
12. The resilient biasing is advantageously accomplished by 
the preferred construction of the sleeves 20 using Weft 
?lamentary members 27 consisting of relatively stiff poly 
ester mono?laments Which are easily biased into the desired 
shape and by interlacing the Warp and Weft mono?laments 
by Weaving. Woven structures have generally greater radial 
stiffness as compared With braided or knitted structures due 
to the orientation of the Weft ?lamentary members Which 
extend in the hoop direction (circumferentially) of the sleeve 
and thereby provide radial stiffness due to their biasing and 
curvature. 

[0026] As noted above for this embodiment, the outer 
jacket 12 is braided. Braided tubular structures such as the 
outer jacket exhibit a characteristic knoWn as the “trellis 
effect”, Whereby the jacket is caused to contract radially 
When a lengthWise tensile force is applied, stretching the 
jacket. Resilient biasing of the ?lamentary members forming 
the jacket cause it to spring back to a nominal diameter and 
length in the absence of any tensile force. By forming the 
outer jacket 12 from braided resilient ?lamentary members, 
it is possible to take advantage of the trellis effect and have 
the inner surface 14a of outer jacket 12 form a means for 
simultaneously draWing the sleeves 20 through a duct by 
pulling on the outer jacket. This is illustrated in FIG. 2, 
Wherein the sleeve assembly 10 is draWn through a duct 28 
by pulling on the outer jacket 12 of the assembly 10 in the 
direction of arroW 30. Tension forces are developed Within 
the outer jacket 12 Which tend to stretch it lengthWise, 
causing a radial contraction from a nominal diameter (shoWn 
in phantom line) to a smaller diameter due to the trellis 
effect. The radial contraction of the outer jacket 12 com 
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presses its inner surface 14a against the sidewalls 22 of the 
sleeves 20, thereby providing a clamping action allowing the 
sleeves to be simultaneously draWn through the duct 28. 
Because the sleeves 20 are relatively stiff radially (due to 
their Woven mono?lament construction), they resist the 
compressive force and are draWn along With the outer jacket 
12 through the duct 28. Upon release, the resilient biasing of 
the ?laments 18 comprising the outer jacket force the jacket 
back to its original diameter and length. Once the sleeve 
assembly 10 is positioned in the duct 28, the pull cords 26 
may be used to draW elongated items 31, such as optical ?ber 
bundles, through the sleeves 20 to form or augment a 
communication netWork. 

[0027] In one preferred embodiment of the sleeve assem 
bly 10, both the Warp and Weft ?lamentary members 25 and 
27 forming the sleeves 20 are interWoven using a Weave 
pattern characteriZed by “?oats” of either Warp or Weft 
?lamentary members on the inner surface of the sleeves. A 
?lamentary member is said to “?oat” When it is not inter 
Woven alternately With each cross ?lamentary member, but 
skips tWo or more cross ?lamentary members before being 
interWoven. Weaves using ?oats include tWill, satin and 
sateen Weaves. In tWill and satin Weaves, the Warp ?lamen 
tary members ?oat over the Weft ?lamentary members, 
Whereas in the sateen Weave, the Weft ?lamentary members 
?oat over the Warp ?lamentary members. Satin Weaves are 
characteriZed by having longer ?oats 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 With loW friction. The ?oats are 
preferably positioned on the inner surface of the sleeves to 
alloW elongated items to be draWn more easily through the 
central space 23 When such items are being installed Within 
the sleeves. 

[0028] In a particular embodiment using polyester Warp 
and Weft ?lamentary members in one of the Weaves men 
tioned above, the Warp ?lamentary members are mono?la 
ments having a diameter of about 0.35 mm, the Weft 
?lamentary members are also mono?laments having a diam 
eter of about 0.25 mm, and the sleeves 20 have a Weave 
density of 25 to 35 dents per inch by 25 to 35 picks per inch. 

[0029] Alternately, the Warp and Weft ?lamentary mem 
bers 25 and 27 may comprise materials such as nylon, 
polypropylene as Well as other polymers. To meet the 
requirements necessary to achieve the Plenum Rating Stan 
dard alloWing the sleeve assembly 10 to be installed in 
building ventilation duct Work, ?lamentary members having 
signi?cant resistance to heat, ?re and the propensity not to 
give off smoke When burning are useful. 

[0030] In a plenum rated embodiment of sleeve assembly 
10, the jacket ?lamentary members 18 and the Warp ?la 
mentary members 25 are preferably mono?laments com 
prising polyphenylene sul?de. If higher strength is required, 
then the ?lamentary members 18 and 25 may comprise 
mono?lament aramids such as KEVLAR®, either alone or 
in combination With the polyphenylene sul?de mono?la 
ments. 

[0031] In ?re-resistant sleeves, the Weft ?lamentary mem 
bers 27 preferably comprise polyphenylene sul?de, either as 
mono?laments or multi?lament yarns. When used With Warp 
?lamentary members 25 of polyphenylene sul?de or an 
aramid as described above, the combination is expected to 
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yield a non-halogenated sleeve Which meets the desired 
plenum rating. Halogenated materials, such as ?uorinated 
polymers, have been effective in the past in achieving the 
desired plenum rating, hoWever, such compounds are dis 
advantageous because they produce noxious gases When 
they burn. 

[0032] In another embodiment, the Weft ?lamentary mem 
bers 27 comprise ?re resistant aramids such as NOMEX® 
combined With Warp ?lamentary members 25 of polyphe 
nylene sul?de. Alternately, halogenated compounds such as 
polyvinylidene ?uoride (KYNAR®) and copolymers of 
ethylene and chlorotri?uoroethylene (HALAR®) may be 
used for the Weft ?lamentary members 27. 

[0033] FIGS. 3 and 4 illustrate yet another embodiment 
of a sleeve assembly 32 according to the invention. Sleeve 
assembly 32 comprises a plurality of separate and indepen 
dent sleeves 34. Each sleeve 34 comprises a sideWall 36 
surrounding a central space 38, the sideWall 36 preferably 
being Woven from Warp and Weft ?lamentary members 40 
and 42. Unlike the previous embodiment, opposing portions 
36a and 36b of the sideWalls 36 are biased into facing 
relation With one another to assume a substantially ?attened 
con?guration. As shoWn in FIG. 4, pull cords 44 are 
positioned Within the central spaces 38 of sleeves 34 to 
permit elongated items 46, such as an optical ?ber cable, to 
be draWn through the sleeve once it is positioned Within a 
duct. The opposing sideWall portions 36a and 36b of sleeves 
34 are resiliently separable into spaced apart relation to 
receive the elongated items Within the central space. 

[0034] Sleeves 34 are held together as a group using an 
outer jacket 48. Jacket 48 is formed of interlaced ?lamentary 
members 50, preferably braided together, although Weaving 
is also feasible. Similar to sleeves 34, jacket 48 comprises a 
sideWall 52 having opposing portions 52a and 52b biased 
into facing relation to assume a substantially ?attened con 
?guration. The ?attened con?guration of jacket 48 and 
sleeves 34 saves space Within the conduit and also provides 
?exibility to the assembly 32, facilitating its passage through 
a duct or conduit croWded With other cables and obstruc 
tions. The ?exibility alloWs the assembly 32 to be bent, 
curved and otherWise manipulated as required to conform to 
the path through the conduit. The ?attened pro?le occupies 
a relatively small volume Within the conduit, thereby leaving 
more room for cables and other components. 

[0035] The jacket 48 protects the sleeves 34 from abrasion 
due to frictional contact as the assembly 32 is draWn through 
the duct. It is, thus, advantageous to use ?lamentary mem 
bers 50 Which have good abrasion resistance, high melting 
points and loW friction coef?cients. To that end, ?lamentary 
members 50 are preferably comprised of a thermoplastic. 
Materials such as polypropylene, nylon, polyester or bi 
component ?laments are feasible. 

[0036] When braided, the jacket 48 may be used to draW 
the sleeve assembly 32 through a duct. The trellis effect, 
described above, Will cause the jacket 48 to decrease in 
diameter When subjected to a tensile load, its inWardly 
facing surface 54 gripping the sleeves 34 With a compressive 
radial force. Similar to the previous embodiment, the 
inWardly facing surface 54 of the jacket 48 comprises a 
means for draWing the plurality of sleeves 34 simultaneously 
through a duct. 

[0037] As shoWn in FIG. 4, the opposing portions 36a and 
36b of sideWall 34 and the opposing portions 52a and 52b 
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of jacket 48 are resiliently separable When an elongated item 
46 is draWn through the sleeve 34 using a pull cord 44. 
Preferably, jacket 48 is siZed to alloW full use of all of the 
sleeves Which it ensheaths. Alternatively, once the sleeves 
34 are positioned Within a duct the jacket 48 may be 
removed by sliding it over the sleeves, leaving the sleeves 34 
free Within the duct so that their opposing sideWall portions 
36a and 36b may separate Without restraint. 

[0038] FIG. 5 shoWs an alternate embodiment of a sleeve 
assembly 56 according to the invention. Sleeve assembly 56 
comprises an outer jacket 58 having a sideWall 60 formed 
from a plurality of interlaced ?lamentary members 62. 
Filamentary members 62 are preferably formed of thermo 
plastic polymers as described above and are interlaced by 
Weaving for reasons explained beloW. SideWall 60 surrounds 
and de?nes a central space 64 adapted to receive a plurality 
of separate and independent sleeves 66. Sleeves 66 have 
sideWalls 68 formed from a plurality of resilient, ?exible 
interlaced ?lamentary members 70, preferably mono?la 
ments also made from thermoplastic polymers. Each sleeve 
66 has a pull cord 72 similar to the cord 26 described above. 

[0039] Sleeves 66 are preferably Woven from Warp and 
Weft ?lamentary members 74 and 76, the Weft ?lamentary 
members being biased to provide radial stiffness resisting 
compression forces as described previously. Weaves such as 
tWill, satin and sateen are again preferred for the sleeves 66. 
In sleeve assembly embodiment 56, the outer jacket 58 is 
also Woven and encapsulates the sleeves 66, Which maintain 
a substantially open con?guration due to their Woven 
mono?lament construction Which provides radial stiffness. 
Outer jacket 58 is siZed so as to conform closely to the 
sideWalls 68 of the sleeves 66 and forcibly engage them With 
an inWardly facing surface 78. This inWardly facing surface 
78 of sideWall 60 comprises a means for simultaneously 
draWing the plurality of sleeves 66 through a duct. AWoven 
outer jacket 58 is preferred because it has signi?cant radial 
stiffness to maintain an inWard radial force on the sleeves 66. 
Filamentary members 62 forming the jacket 58 may com 
prise heat shrinkable ?bers Which Will alloW it to develop a 
cross-sectional pro?le that substantially conforms to the 
sideWalls 68 of sleeves 66 as illustrated in FIG. 5. 

[0040] Woven jackets 58 are further advantageous in 
certain embodiments because they provide readily control 
lable interstices betWeen the ?lamentary members 62 com 
prising the jacket, the interstices providing regions for 
holding lubricants to reduce friction during the pull through 
the duct. It is also possible to remove a Woven jacket from 
the duct by pulling it over the sleeves 66, leaving the sleeves 
in place Within a duct. 

[0041] FIG. 6 shoWs another embodiment of a sleeve 
assembly 80 according to the invention. Sleeve assembly 80 
comprises a plurality of separate and independent sleeves 82 
formed of interlaced Warp and Weft ?lamentary members 84 
and 86. The Warp and Weft ?lamentary members 84 and 86 
are preferably thermoplastic mono?laments Woven in a 
tWill, satin or sateen Weave, Wherein the Weft ?lamentary 
members 86 are biased to provide radial stiffness to maintain 
the sleeves 82 in an open con?guration. Pull cords 88 are 
positioned Within each sleeve 82. The sleeves 82 are joined 
together at one end 90 alloWing them to be draWn simulta 
neously as a group through a duct. Any practical means for 
simultaneously draWing the tubes 82 through a duct may be 
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used. For example, the tubes may be cinched, sutured or 
taped together. By Way of example, a loop 92 is shoWn 
passing through and attaching the tubes together. Loop 92 
provides a convenient point for attaching a line or pull tool 
to draW the sleeve assembly 80 through a duct. The loop 92 
may take the form of a ?exible Wire or a rigid ring. 

[0042] Weaving of the sleeves in the various embodiments 
is further advantageous because it permits additional com 
ponents to be easily incorporated into the sleeves. As shoWn 
by Way of example in FIG. 6, such additional components 
include detection Wires 94 and trace yarns 96 interWoven as 
Warp yarns Within sleeves 82, it being understood that these 
components may be present in all of the embodiments 
disclosed herein. Detection Wires 94 are preferably nickel 
clad copper Wires or some other electrical conductor Which 
alloW the sleeve assembly to be detected remotely by 
electrical means, such as by induction or by radio frequency 
emissions, When the assembly is otherWise not visible and 
inaccessible Within a duct. The presence of detection Wires 
94 enables the installers to monitor the progress of a 
multi-tube assembly through a conduit by, for example, 
sending electrical signals through the Wires and remotely 
detecting those signals to determine the presence and loca 
tion of a failure of the assembly When one occurs. 

[0043] Trace yarns 96 comprise yarns or ?laments having 
a color that contrasts With the Warp and Weft ?lamentary 
members 84 and 86 comprising the sleeve 82. A different 
color trace yarn 96 is Woven into each sleeve 82 and is used 
to differentiate the sleeves at their terminal points. It is 
possible to readily distinguish betWeen multiple sleeves 82 
in an assembly When each tube has a different color trace 
yarn. This is an important feature When one has access only 
to the ends of a relatively long sleeve assembly and must 
draW the pull cords Which are actually attached to optical 
?bers in order to position them Within one of the sleeves of 
the assembly. Without a means for positively identifying and 
distinguishing one sleeve from another in an assembly, there 
is a much greater chance that the Wrong pull cords may be 
WithdraWn, leaving useless sleeves Within a conduit Which 
Will need to be replaced. 

[0044] While tWill, satin and sateen Weaves are preferred 
for constructing sleeves of the sleeve assembly, plain Weaves 
are also useful because the density and porosity of plain 
Weaves may be controlled relatively easily to good advan 
tage. In a practical example, sleeves 82 are Woven using 0.35 
mm diameter polypropylene Warp ?laments and 0.25 mm 
polypropylene ?ll ?laments With a Weave density of 25 to 35 
dents per inch and 25 to 32 picks per inch. Such a Weave Will 
alloW interstices to form in the sleeve 82, the interstices 
being useful to hold viscous or dry lubricants enabling the 
sleeve assembly 80 to slide Within a duct more easily and 
reduce friction during installation. The Weave density may 
also be increased so as to make a substantially air-imper 
meable sleeve, alloWing it to be forced through the duct by 
compressed air techniques. The sleeves 82 may also be 
coated With a ?exible impermeable polymer membrane 98 
(see FIG. 6) to ensure ?uid tightness. It may also be 
desirable to coat the sleeve 82 With coatings 100 of Zinc 
compounds to prevent rot, mildeW, chemical attack and 
make the assembly unappetiZing to vermin Which have a 
propensity to gnaW on buried cables. 

[0045] If the elongated items positioned Within sleeves 82 
carry electrical currents, it may be desirable to shield these 
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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 FIG. 7, the sleeve assembly 80 
may serve as a shield/isolator of EMI by the incorporation 
of a conducting layer 102 substantially surrounding the 
central space 83 surrounded by each sleeve 82. Conducting 
layer 102 may comprise a layer of metal foil 104 (preferably 
aluminum) or may comprise a mesh of conductors 106. 
Conductors 106 may be interWoven With the Warp and ?ll 
yarns 84 and 86 or take the form of a distinct layer attached 
to the sleeves 82. The conductors 106 may, for example, 
comprise selected Warp and ?ll yarns coated With a conduc 
tor, such as silver or copper, and be in electrical contact 
substantially along the length and Width of the sleeve 82. 
Upon grounding of the conducting layer 102, it Will serve to 
shield or isolate the items Within the sleeve assembly 80 
from EMI. 

[0046] The materials used to construct any embodiment of 
the sleeve assembly according to the invention should have 
characteristics compatible With the method of installation, 
Which requires that the sleeve assembly be draWn through a 
long duct or conduit. During this process, the components of 
the assembly Will rub against other surfaces, for example, 
other cables, conduit Walls and ?ttings. Thus, the material 
should have: (1) an acceptable coef?cient of friction to alloW 
it to slide easily over adjacent contacting surfaces; (2) an 
advantageous Wrinkle recovery angle alloWing it to resil 
iently take its nominal shape after kinking; (3) a relatively 
high melting point to prevent fusing due to friction induced 
heating caused by relative motion of contacting surfaces; 
and (4) relatively high abrasion resistance to prevent “rope 
burn” and abrasion Wear. The polymer materials mentioned 
above as comprising the sleeves and jackets are generally 
compatible With these requirements. 

[0047] The sleeve assembly according to the invention 
provides a convenient and versatile device for positioning 
and protecting elongated members Within in-situ ducting for 
Which accessibility is limited. The device alloWs communi 
cation netWorks using optical ?bers or conventional Wires to 
be readily constructed and augmented. 

What is claimed is: 
1. A sleeve assembly for receiving and protecting elon 

gated items Within a duct, said sleeve assembly comprising: 

a plurality of separate and independent sleeves positioned 
lengthWise adjacent to one another, each said sleeve 
comprising: 

a sideWall surrounding and de?ning a central space, 
said sideWall being formed from a plurality of Warp 
?lamentary members interWoven With a plurality of 
Weft ?lamentary members, said Weft ?lamentary 
members being resiliently biased radially outWardly 
so as to resiliently maintain said sleeve in an open 
con?guration; 

a pull cord positioned Within said central space and 
extending lengthWise of said sleeve; and 

said assembly further including means for simulta 
neously draWing said plurality of sleeves through 
said duct. 
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2. A sleeve assembly according to claim 1, further com 
prising 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 ?lamentary mem 
bers. 

4. A sleeve assembly according to claim 3, Wherein said 
?lamentary members comprising said jacket are interlaced 
by braiding, said jacket exerting an inWardly compressive 
force on said plurality of sleeves When placed under tension. 

5. A sleeve assembly according to claim 1, further com 
prising a loop extending transversely to said plurality of 
sleeves, said loop being positioned at one end of said sleeves 
and penetrating said sideWalls of each of sleeves, said loop 
comprising said means for simultaneously draWing said 
plurality of sleeves through said duct. 

6. A sleeve assembly according to claim 5, Wherein said 
loop comprises a rigid ring. 

7. A sleeve assembly according to claim 5, Wherein said 
loop comprises a ?exible Wire. 

8. A sleeve assembly according to claim 1, Wherein said 
Warp and Weft ?lamentary members have substantially the 
same color as one another, an additional ?lamentary member 
being interWoven along With said Warp ?lamentary members 
substantially lengthwise along said sleeve and having a color 
contrasting With said Warp and Weft ?lamentary members. 

9. A sleeve assembly according to claim 1, further com 
prising an electrically conducting layer substantially coex 
tensive With at least one of said sleeves. 

10. A sleeve assembly according to claim 9, Wherein said 
electrically conducting layer comprises aluminum foil. 

11. A sleeve assembly according to claim 9, Wherein said 
electrically conducting layer comprises a plurality of inter 
laced Wires. 

12. A sleeve assembly according to claim 9, Wherein said 
electrically conducting layer is positioned betWeen said 
sideWall and said central space. 

13. A sleeve assembly according to claim 9, Wherein said 
electrically conducting layer comprises electrically conduct 
ing ?laments interWoven With said Warp and said Weft 
?lamentary members. 

14. A sleeve assembly according to claim 1, further 
including an electrically conducting Wire interlaced With 
said ?lamentary members lengthWise along at least one of 
said sleeves. 

15. An elongated sleeve structure according to claim 1, 
further comprising a ?exible polymer coating positioned on 
at least one of said sleeves, said coating providing a sub 
stantially ?uid-tight seal of said sleeve. 

16. An elongated sleeve structure according to claim 1, 
further comprising a ?exible coating comprising Zinc com 
pounds, said coating being positioned on at least one of said 
sleeves and providing a defense against decay thereof. 

17. A sleeve assembly for receiving and protecting elon 
gated items Within a duct, said sleeve assembly comprising: 

a plurality of separate and independent sleeves positioned 
lengthWise adjacent to one another, each said sleeve 
comprising: 
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a sidewall surrounding and de?ning a central space, 
said sidewall being formed from a plurality of warp 
?lamentary members interwoven with a plurality of 
weft ?lamentary members, opposing portions of said 
sidewall being resiliently biased into facing relation 
with one another to assume a substantially ?at con 

?guration, said opposing sidewall portions being 
separable into spaced apart relation to receive said 
elongated items within said central space; 

a pull cord positioned within said central space and 
extending lengthwise along said sleeve; and 

said assembly further including an outer jacket sur 
rounding said plurality of sleeves and extending 
lengthwise there along, said jacket having an 
inwardly facing surface engaging said sidewalls of 
said sleeves for simultaneously drawing said plural 
ity of sleeves through said duct. 
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18. Asleeve assembly according to claim 17, wherein said 
jacket comprises a plurality of interlaced ?lamentary mem 
bers. 

19. Asleeve assembly according to claim 18, wherein said 
?lamentary members comprising said jacket are interlaced 
by braiding, said jacket exerting an inwardly compressive 
force on said plurality of sleeves when placed under tension 
and maintaining said plurality of sleeves in said position 
lengthwise adjacent to one another when said sleeves are 
drawn through said duct. 

20. Asleeve assembly according to claim 17, wherein said 
warp and said weft ?lamentary members consist essentially 
of polyester mono?laments. 

21. Asleeve assembly according to claim 20, wherein said 
?lamentary members are woven in a pattern selected from 
the group consisting of satin, sateen and twill weaves. 

* * * * * 


