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(54) Title: OPTIC CABLE CONDUIT INSERT AND METHOD OF MANUFACTURE

Al

@\ (57) Abstract: A conduit sleeve structure (2) for use with fiber optic cables, coaxial cables and the like includes a pair of adjacent

strip-shaped layers (6, 8, 10, 12) of flexible material that are joined along their longitudinal edges to define a channel (4) through

which the cable can extend longitudinally through the innerduct structure between the layers. The adjacent layers (6, 8, 10, 12)

have differing widths between their longitudinal edges, whereby the wider layer bulges away from the narrower layer to impart an

~~. open configuration to the channel. It has been found that the conduit sleeve structure may be manufactured more efficiently and
inexpensively if multiple sheets and pull cords (22) are stacked and arranged in such a way that multiple conduit sleeve structures
may be manufactured simultaneously in a parallel arrangement. The method of manufacturing the conduit sleeve structures includes

O feeding several stacked sheets through a folding machine or mechanism, a stitching machine, and then a slitting machine. This
-method allows the sleeve members (o be separated into individual units, or multiple units as desired. In a preferred embodiment,
four stacked sheets are used, which ultimately provides three cells or chambers per conduit sleeve.
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OPTIC CABLE CONDUIT INSERT AND METHOD OF MANUFACTURE
Background of the Invention
1. Field of the Invention

The present invention generally relates to tubular conduit of the type that
might be employed for the housing of underground cables, such as fiber optic
cable, coaxial cable, or the like. More particularly, the present invention relates
to a partioning device that may be inserted into such a conduit such that the
conduit is divided into separate chambers or cells and a method of
manufacturing such a device.

Cable, such as fiber optic communication cable, is often buried
underground in great lengths. It is known in the art to bufy the cable in the
ground so that the area above ground is not cluttered with the cable and its
respective support apparatus. Furthermore, by positioning the cable
underground, it is more protected from the weather and other potentially
damaging circumstances.

It is also known in the cable art to position the cable within a conduit in
order to more fully protect the cable in the ground. The conduit is often formed
from lengths of polyvinyl chloride tubing or the like, which is laid in the ground. A
rope is then blown through the conduit, and the rope in turn is attached to one
end of the cable. By pulling the rope, the cable is drawn through the conduit.
Once in place within the conduit, the cable is protected from damage that may
be caused by weather, water and the like.

It has been found that certain rodents will sometimes gnaw through an
underground conduit. Hence, much underground conduit is employed which has
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a diameter of two inches or more, which is large enough to impede damage from
most rodents. While such conduit provides excellent protection for cable, there
is also much unused or “dead” space within such a conduit. With the advent of
fiber optic cables, which may be only a half-inch or less in diameter, the majority
of the cross-sectional area of the average conduit is dead space.

After a conduit is in place, it may be subsequently desired to run a second
cable through the conduit. As such, it would be desirable from a cost and time
standpoint to make use of the dead space within an existing conduit, rather than
lay a new length of conduit. However, it has been found that it is difficult to
merely insert a second cable into a conduit that already contains a first cable.
When a rope is blown into a conduit already containing a cable, or a second
cable is “snaked” through the conduit, they are often impeded by the first cabile,
making it impossible to insert the second cable.

There exists a product that overcomes some of the above-mentioned
obstacles. A single sleeved innerduct structure includes a pair of adjacent strip-
shaped layers of flexible textile material that are joined along their longitudinal
edges to define a channel through which the cable can extend longitudinally
through the innerduct structure between the layers. The adjacent layers have
differing widths between their longitudinal edges, whéreby the wider layer bulges
away from the narrower layer to impart an open configuration to the channel. A
need exists; therefore, for a method of inexpensively and efficiently
manufacturing such a flexible conduit partition device. Further, in some
applications it is desirable to provide a multi-sleeved conduit partiti_on device,
where each sleeve includes a plurality of cells for receiving cables and the like.
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2, Description of the Prior Art

All patents cited herein are incorporated by reference in their entirety.

U.S. Patent number 5,587,115, issued to Allen, is directed to a method of
manufacturing a conduit assembly with a floating divider by extruding a casing
through a die while at the same time feeding a web member into the casing as it
is being extruded to form a plurality of chambers. If the conduit assembly is
manufactured with a line, such as a rope or a cable, the rope and/or cable is
likewise fed into the casing adjacent to the web member into one or both of the
chambers.

U.S. Patent number 4,836,968, issued to Cakmakci, is directed to a
method of making a fiber optic duct insert by continuously extruding plastic
material into a multi-chambered conduit insert including at least two spaced
apart longitudinally extending substantially parallel first and second chamber:;;.
The cross-secﬁonal configuration of each of the chambers is defined by
generally parallel inner and outer side walls joined at one edge thereof by a base

wall and joined in an opposite edge thereof by a top wall. A hinge portion

. connects adjacent edges of the inner walls and the base walls of the chambers

together. Opposite ends of the inner walls are spaced farther apart than the -
adjacent ends of the inner walls in order to expose the exierior surfaces of the
inner walls to a cooling medium during the manufacturing process.

U.S. Patent number 4,582,093, issued to Hubbard, discloses a method of
making a fiber optic duct insert by utilizing a plastic extrusion process to produce
a multi-chambered conduit insert which can be utilized to convert a single
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chambered conduit into a multi-chambered conduit. In particular, the conduit

insert includes a plurality of cooperating longitudinally extending walls having

curved outer surface portions and defining a plurality of parallel spaced apart

coextensive chambers. In the preferred embodiment of the invention, two

identical conduit inserts are disposed in back-to-back relationship and form an |

insert assembly for insertion into the single chambered conduit.

Other patents that demonstrate the state of the art with respect devices

that facilitate the placement of multiple cables within a single conduit are as

follows:

U.S. Patent Number
4,619,291
4,793,594
5,029,815
5,074,527
5,442,136

Inventor
Shirian
Kumpf
Kumpf
Kumpf
Allen

One problem associated with many of these devices is that they are

mostly extruded plastic products, which do not bend or twist very well. ltis

difficult to force a semi-rigid, plastic structure into a rigid pipe or tube, particularly

one that already contains a cable. Also, the speed of installation of the rigid

divider is severely limited by the heat and resistance caused by friction. A

flexible, multi-celled textile sleeve conduit overcomes the above problems, and a

method for efficiently and inexpensively manufacturing the product is thus

desired. Further, a multi-sleeved conduit containing a plurality of cells per sleeve

is desirable for receiving a larger bundle of cables, as well as a method for

making such a device.
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Objects of the Invention

Accordingly, it is an important object of the present invention to provide a
method for efficiently and inexpensively manufacturing a flexible, multi-celled
innerduct structure for fiber optic cables, coaxial cables, and the like.

It is another important object of the present .invention to provide a method
for manufacturing a flexible innerduct structure having a pull cord or tape
inserted and slidably disposed therein during the manufacturing process.

Yet another important object of the present invention is to provide a series
of flexible, multi-celled innerduct sleeve structures in a parallel configuration, so
that each sleeve structure may be individually separated from the others, or
combinations of two or three (or more) sleeves may remain in parallel
configurations for desired applications, as well as a method for manufacturing
such a device.

Still another important object of the present invention is to provide an
automated method for manufacturing a flexible, multi~celled cable conduit
structure that is biased toward an expanded passageway configuration, but is
also collapsible in a rolled up configuration.

Another important object of the present invention is to provide a flexible,
multi-celled cable conduit structure and a method for commercially
manufacturing the same, which overcomes some of the problems associated

with other multi-chambered conduit structures and their methods of manufacture.
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Brief Description of the Drawings

These and other features, aspects, and advantages of the present
invention will become better understood with regard to the following description,
appended claims, and accompanying drawings where:

5 Figure 1 is a perspective view of a flexible, multi-celled cable conduit

sleeve;

Figure 2 is a perspective view of a series of flexible, multi-celled conduit
sleeves manufactured in parallel in accordance with the present invention; and

Figure 3 is a perspective view of a flexible, multi-celled cable conduit

10 sleeve having even, flush longitudinal edges.
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Detailed Descripfion

Referring now to Figure 1, a flexible multi-celled cable conduit 2 suitable
for use as a single innerduct conduit sleeve structure for fiber optic cables,
coaxial cables or the like, is shown. This embodiment of the structure is
disclosed and claimed in U.S. Patent application serial number 09/400,778,
which is incorporated herein by reference in its entirety. The conduit structure
defines a plurality of channels 4 that are formed by interconnected layers.of
fabric 6, 8, 10, 12. In the first embodiment of the invention, the structure has |
three channels 4 formed by the above noted layers, which are interconnected at
their opposite longitudinal side edge portions by having the edge portions of the
lower layer 6 overlap the edge portions of the other layers. The layers are either
sewn or connected by other suitable methods, such as ultrasonic welding or
adhesive, connecting the layers together. It can be seen from Figure 1 that the
opposite longitudinal side edge portions of the lower strip are folded over those
of the other strips and are sewn to form the structure shown.

Turning now to Figure 2, an alternate embodime.nt of the conduit structure
20 is shown in accordance with the present invention. It has been found that the
conduit structure may be manufactured more efficiently and inexpensively if
multiple sheets and pull cords 22 are stacked and arranged in such a way that
multiple conduit structure sleeves may be made simultaneously in a parallel
arrangement, as shown. Figure 2 shows such an embodiment, where the sleeve
members 2 are interconnected in parallel relation. This embodiment allows the
sleeve members to be separated into individual units, or multiple units as
desired. After separation, the longitudinal edges of the conduit slee\}e are slit so
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that each layer is flush with the others (Figuré 3), as opposed té the embodiment
shown in Figure 1, where the lower layer wraps around and back over the edges
of the other layers.

The method of manufacturing the embodiment shown in Figure 2 includes

feeding several stacked sheets 6, 8, 10 and 12 through a folding machine or

mechanism, a stitching machine, and a slitting machine. In a preferred

embodiment, four stacked sheets are used, which ultimately provides three cells
4 or chambers per conduit sleeve 2. It should be understood, however, that any
number of sheets may be used in order to provide the desired number of cells
per conduit sleeve.

itis also contemp.lated, in an alternate embodiment, that a single sheet of
material may be folded to form the plurality of layers for the final product, rather
than utilizing separate, stacked sheets of material. The entire final product may
be manufactured from a single sheet of material, if desired.

In preferred embodiment of the manufacturing process, the stacked
sheets are first transported through a folding mechanism, which positions one
sheet tau;c in a transverse direction. The other sheets are folded to create
essentially longitudinal ridges or waves across the transverse direction of the
material. These ridges are portions of the sheet material that are forced to bulgé
away from the taut sheet at the center point on the ridge, ultimately forming
longitudinal chambers or cells within each conduit sleeve. The folding machine
feeds pull tapes or cordé 22 into each cell created by the ridges, so that each cell

ultimately includes a pull tape in slidable relation.
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An optional step in the manufacturing process is to provide a suitable
adhesive along the longitudinal contact lines between the ridges. This step
provides an adhesive layer for bonding all layers together in a longitudinal
direction between the two longitudinal stitching lines (which are not yet present in
the manufacturing process), where the innerduct liners will be slit into separate
units or sleeves. This arrangement provides a finished selvage on either side of
each sleeve after the slitting step, in order to prevent unraveling or fraying of the
material.

After the ridges have been formed and at least the first portions of the pull
tape inserted, the stacked material is fed into a stitching machine such as a
Maliwatt by Karl Mayer. Between each ridge, two seams are sewn longitudinally
along the ridge base, preferably about 1/zllrr]g;l21;3‘::1)rtzm'll'he seams hold the ridges
in place in their open configuration, as shown in Figure 2. In an alternate
embodiment, the layers of material may be held together by other means rather
than stitcning, including means such as adhesive, hot melt, ultrasonic welding, or
any other suitable means including combinations thereof.

After stitching, the assembled material is slit either into individual strips or
multiple paraliel strips as desirea. The material is slit between the two stitches,
so that each conduit structure includes one seam on each longitudinal side
thereof. If another means is used for attaching the layers together, it is important
that the slitting step not compromise the seam on either side of the conduit
sleeve structure. The object of this manufacturing process is to produce multiple
paralle! strips of conduit structure that may be separated as necessary without
compromising the structural integrity of the conduit sleeve and/or cells. It may

9
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be desirable to slit the material to produce single sleeve units, or alternatively, it
may be desirable to slit the material into double sleeve units, triple sleeve units,
or the like. The preferred slitting method is rotary shearing, and alternate
methods useful for the slitting operation include ultrasonic, hot knife, rotary knife,
and the like.

Alternatively, the assembly of parallel sleeves may be perforated between
sleeves, which obviates the need for the slitting step. The perforations allow the
sleeves to be separated in any configuration, including a single sleeve
configuration, a double sl‘eeve configuration, and so on. This separation step
may be performed in the field, if necessary, so that a decision regarding the
desired number of sleeves may be made after the manufacturing process has
been completed.

In a preferred embodiment, after the slitting step the conduit sleeve
structure is rolled onto a roll for transport and storage. The preferred structure of
the conduit sleeves allows the sleeve to be pressed into a flat configuration on
the roll, but will emerge from the roll in an open celled configuration. Other
means may be employed for collecting the conduit sleeves for transport and
storage, including boxes, reels and the like.

Another option is to provide a coding or identification means for identifying
the separate cells within the conduit sleeve. It is important to be able to identify
one cell from another when attempting to pull cable through the conduit sleeve.
A person who attaches a pull tape to a cable at one end of the sleeve needs to
communicate to another person at the other end, regarding which pull tape to
begin pulling through the conduit sleeve. This identification of cell could be

10
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accomplished in many ways, including color coding the cells or layers, printing,
or color coding the seams. Further, an outer layer of the conduit sleeve may be
marked in measured increments, such as feet or meters. The different layers
forming the conduit may be different colors, for color-coding the cells.
Alternatively, the pull tapes may be color coded to identify the cells. Ina
preferred embodiment, the pull tapes are marked in measured increments, which
helps to identify how much cable will be needed for a particular job after the
conduit sleeve is in place. In short, any suitable method may be employed to
identify the cells and to meter the sleeves and/or pull tapes.

Therefore, the spirit and scope of the appended claims should not be
limited to the description of the preferred versions contained herein. All features
disclosed in this specification may be replaced by alternative features serving the
same, equivalent or similar purpose, unless expressly stated otherwise. Thus,
unless expressly stated otherwise, each feature disclosed is one example only of

a generic series of equivalent or similar features.
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CLAIMS

What is claimed is:
1. A method for producing flexible conduit liners for fiber optic cables,
coaxial cables and the like, said method comprising the steps of:
transporting at least t;/vo layers of textile material through a stitching |
device in a longitudinal direction;
sewing a plurality of seams along said material in said longitudinal
direction so that a plurality of longitudinal sleeves are formed; and
slitting said textile material in a !ongitudinal direction to separate any

desired number of sleeves from the rest of said material.

2. The method set forth in claim 1, wherein at least three layers of textile
material are used, providing a plurality of sleeves each having at least two

separate inner cells for receiving fiber optic cable and the like.

3. The method set forth in claim 1, further including the step of rolling each

individual sleeve onto a roll for storage and transport.
4. The method set forth in claim 1, wherein said textile material is chosen

from the group comprising: a woven fabric, knit, non-woven, resin bonded scrim,

plastic sheeting, weft insertions, or any combination thereof.

12
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5. The method set forth in claim 2, further including the step of folding at
least an upper or lower layer of said material prior to stitching, to provide a

sleeve having an expanded, but collapsible, céll configuration.

6. ° The method set forth in claim 2, further including the step of providing a
plurality of pull cords or tapes in such a manner that one pull cord is slidably

disposed within each cell of each said sleeve.

7. The method set forth in claim 1, wherein at least four layers of textile
material are used, providing a plurality of sleeves each having at least three

separate inner cells for receiving fiber optic cable and the like.

8. The method set forth in claim 1, further including the step of applying an
adhesive between said seams to provide a finished selvage on either side of

each sleeve after slitting.
9. The method set forth in claim 1, further including the step of thermally
bonding said material between said seams to provide a finished selvage on

either side of each sleeve after slitting.

10. The method set forth in claim 1, further including the step of using a hot

knife for slitting said material.

13
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11. The method set forth in claim 2, wherein each said cell within a sleeve is

marked so that it may be distinguished from other cells within said sleeve.

12.  The method set forth in claim 6, wherein at least one of said pull tapes in

each sleeve is marked in measured increments.

13.  The method set forth in claim 6, wherein each of said pull tapes in a
sleeve is printed or colored so that it may be distinguished from other pull tapes

within said sleeve.

14. A method for producing flexible conduit sleeves for fiber optic cables,
coaxial cables and the like, said method comprising the steps of:

providing at least two stacked layers of textile materials;

attaching said stacked layers together by creating a plurality of parallel,
longitudinal seams, thereby creating a plurality of parallel, longitudinal sleeves;
and

separating any desired number of sleeves from said material into either

individual sleeves or into sets of multiple sleeves.

15. The method set forth in claim 14, further including the step of rolling said

individual sleeve or set of sleeves onto a roll for transport, storage or use.

16.  The method set forth in claim 14, wherein said longitudinal seams are
created by thermal bonding.

14
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17. The method set forth in claim 14, wherein said longitudinal seams are

created by applying an adhesive.

18. The method set forth in claim 14, wherein at least three layers of textile
material are used, providing a plurality of sleeves each having at least two

separate inner cells for receiving fiber optic cable and the like.

19. The method set forth in claim 14, wherein said textile material is chosen
from the group comprising: a woven fabric, knit, non-woven, resin bonded scrim,

plastic sheeting, weft insertions, or any combination thereof.

20. The method set forth in claim 18, further including the step of folding at
least an upper or lower layer of said material prior to creating said seams, to

provide a sleeve having an expanded, but collapsible, éell configuration.

21. The method set forth in claim 18, further including the step of providing a
plurality of pull cords or tapes in such a manner that one pull cord is slidably

disposed within each cell of each said sleeve.

22. The method set forth in claim 14, wherein at least four layers of textile
material are used, providing a plurality of sleeves each having at least three

separate inner cells for receiving fiber optic cable and the like.

15
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23. The method set forth in claim 18, wherein each said cell within a sleeve is

marked so that it may be distinguished from other cells within said sleeve.

24.  The method set forth in claim 21, wherein at least one of said pull tapes in

each sleeve is marked in measured increments.
25. The method set forth in claim 21, wheréin each of said pull tapes in a
sleeve is printed or colored so that it may be distinguished from other pull tapes
" within said sleeve.
26. An apparatus made in accordance with the method set forth in claim 1.
27.  An apparatus made in accordance with the method set forth in claim 2.
28.  An apparatus made in accordance with the method set forth in claim 3.
29.  An apparatus made in accordance with the method set forth in"claim 4.
30. An apparatus made in accordance with the method set forth in claim 5.
' 31.  An apparatus made in accordance with the method set forth in claim 6.

32.  An apparatus made in accordance with the method set forth in claim 7.
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33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

An apparatus made in accordance with the method set forth in claim 8.
An apparatus made in accordance with the method set forth in claim 9.
An qpparatus made in accordance with the method set forth in claim 10.
An apparatus made in accordance with the method set forth in claim 11.
An apparatus made in accordance with the method set forth in claim 12.
An apparatus made in accordance with the method set forth in claim 13.
An apparatus made in accordance with the method set forth in claim 14.
An apparatus made in accordance with the method set forth in claim 15.
An apparatus made in accordance with the method set forth in claim 16.
An apparatus made in accordance with the method set forth in claim 17. -
An apparatus made in accordance with the method set forth in claim 18.
An apparatus made in accordance with the method set forth in claim 19.

17
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45.  An apparatus made in accordance with the method set forth in claim 20.
"46.  An apparafus made in accordance with the method set forth in claim 21.

47.  An apparatus made in accordance with the method set forth in claim 22.
48. An apparatus madé in accordance with the method set forth in claim 23.
49.  An apparatus made in accordance with the method set forth in claim 24.
50. An apparatus made in accordance with the method set forth in claim 25.
51. A flexible textile conduit for fiber optic cables, coaxial cables and the like,
said conduit comprising:

at least two sleeve members connected and disposed in parallel relation;
and

each sleeve member having at least one cell for receiving a cable or the

like.

52. The textile conduit set forth in claim 51, wherein each sleeve member

contains at least two cells for receiving one cable per cell.
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53.  The textile conduit set forth in claim 51, wherein a perforation is provided
between each of said sleeve members, so that said sleeve members may be

easily separated from each other.

54. The textile conduit set forth in claim 51, wherein a pull tape is disposed in

each cell in slidable relation.

55.  The textile conduit set forth in claim 51, wherein said structure is formed

from at least two separate sheets of material.

56. The textile conduit set forth in claim 51, wherein said textile material is
chosen from the group comprising: a woven fabric, knit, non-woven, resin

bonded scrim, plastic sheeting, weft insertions, or any combination thereof.

57. The textile conduit set forth in claim 51, wherein said sleeves and cells

are biased toward an open celled, but transversely collapsible, configuration.

58. The textile conduit set forth in claim 52, wherein each said cell within a
sleeve is marked so that it may be distinguished from other cells within said

sleeve.

59. The textile conduit set forth in claim 54, wherein at least one of said pull

tapes in each sleeve is marked in measured increments.

19
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60. The textile conduit set forth in claim 54, wherein each of said pull tapes in a
sleeve is printed or colored so that it may be distinguished from other pull tapes

within said sleeve.

61. The textile conduit set forth in claim 52, wherein each sleeve includes three

cells for receiving a cable or the like.

62. A method for producing flexible conduit liners for fiber optic cables substantially

as herein described with reference to Figure 2.

63. A flexible conduit liner for fiber optic cables substantially as herein described

with reference to Figures 1 to 3.

20
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