WO 01/01535 - o PCT/KR00/00457

.10

15

20

25

MULTIPLE CHANNEL DUCT ASSEMBLY FOR CABLES
BACKGROUND OF THE INVENTION

I. Field of the Invention

Thls 1nventlon relates to a duct that -is provided

Tt

-for contalnlng long runs of optlcal flbers, electric

‘wires or the likes dlsposed in underground networks. More

'partlcularly, the 1nvent10n relates to a multiple channel
. duct assembly which 1ncludes a plurallty of contlguous

'ducts adapted for the containment of lengthy runs of for

optical fibers, electric wires or the likes.

;I,'Description.of the Brior-Art_

,4"‘5,_:'- .

- &

In the ground network industry, the proper design and
installatien of.fibef-optie cables or electric wires is
critical.to maintaining the integrity of the information
or the_electric energy carried by such cables.

Due to the delicate nature of the optic fibers or

' electric wires themselves, there is a need to protect the

fibers or the electric wires from extetnal sources of
stress, such as temperature, pressﬁre aﬁd contact with
contaminating substances. As a resﬁlt, most of the
innovation in this indﬁstry has been directed to devising

certain combinations of coverings to surround the optical
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fibers or electric¢ wires. Therefore, a brief discﬁssion
of a method of installing fiber optic cable follows.

A multiple channel duct disclosed in U.S. Pat. No.
4,741,593, comprises a plurality of corrugated inner
ducts contiguous, co-directionally extending,
substantially parallel, in abutting contact with each
other, each of said inner duct havinQ a series of
enciiéling contiguous éonvoiutions extéﬁdiﬂgﬁover the
length, being made up of cpntiguous_ridges and troughs;

and a flexible, synthetic resin overwrap sheath

. consisting of a sheath of rigid polyvinylchloride hav:'_Lng~

a thickness of about 5 mils to about 15 mils, said sheath

of rigid polyvinylchloride encircling and jacketing the

" corrugated inner ducts over their entire length to retain

them in their contiguous relationship.

| The above_mentioned reference Says'that this type of
multiple channel duct is flexible and can be coiled
arouﬁd rélatively large reels. A great length of said
multiple channel duct be coiled on the reel for lay out
into an underground communications pipe, or can be reeled
into.a trench for direct burial. This type of multiple
channel duct allows an overall reduction in fiber optic
cable installation costs, and the manifolding aspect of
the system maintains high structural integrity over the
entire length of thé conduit sections, and affords

enhanced moisture protedtion to the entire system by
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reason of the overwrap employed. These advantages are the
| most desirable attributes in the cable duct for optical
fibers, electric wires or the likes.
However, I have not found this type of multiple
channel duct is sold in real cable duct market until now.
The reason, I believe, is why this type of multiple

‘channel duct has critical deficiéncieSjin stfength or~

i 9%;{{{3}

flexibility in reality, which have not been found by the

inventor.at first. It is well known fact that although:. -

ast# gy

the inner duct of plastic with relatively small diameter}

even though non-corrugated, is so-flexible that it can beﬁ
coiled around transportable reels, the non-corfugated :

outer duct of plastic with relatively large diameter is

not so flexible that it can not be coiled around

atidnr ot

trépspoftéb;e reels. _.

| The above-mentioned multiple channel duct include a
plurality of corrugated inner ducts of plastic and a non- ;
-corrugatéd outer duct of plastic. Therefore, it is easily~
understood that the above-mentioned multiple channel duct
is not so flexible that it can not be coiled afound
transportable reels. I believé that this deficiency is
éne of the reasons why this typé of multiple channel duct
can not be founded in feal cable market. |

A current method of installing fiber optic cables is

disclosed in U.S. Pat. Npo. 5,027,864. That reference

involves the use of a hollow outer duct, typically
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constructed of polyvinylchloride (PVC) in forty foot
lengths, which provides the first level of protection
from the elements undergrouhd. This outer duct acté as a
conduit for the passage of a number of smaller tubes, or
"inner ducts" typically constructed of polyethylene in
continuously long run lengths, which provides the second
level of protection from the elements undergrqund. Each - -
of these inner ducts has a nuﬁber of external |
longitudinally extending ribs, and each inner.duct may
contain a single fibér optic cable or a plurality of such
cables.

| The method of installing the cables first requires
the introduction of the inner ducts through the outer
duct by pulling the inner ducts from_a sﬁool located on
the surface. From an underground work area, a gripper is
attached to one end of each inner duct, after which the
inner ducts are drawn through the outer duct until they
reside completely within the outer duct. Once the inner
ducts are in place, the fiber optic cables are then drawn

through each of the inner ducts by a pull string blown

through each of the inner ducts. The resulting assembly,

25

therefore, comprises a single fiber optic cable or a
plurality of fiber optic cables within each of several
ihner ducts, with the inner ducts being surrounded by the
pfotective'outer duct. The ribbed design of the inner

ducts is to purports to facilitate the installation and
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removal of cables for maintenance and repair.

While the above-described metﬁod of installation and
housing of fiber optic cables does provide a certain
level of convenience for maintenance and construction
workers, as well as protection for the cables themselves,

several deficiencies are apparent.

- "First, the materiai'uSededr_fabrication of.tﬁé}f..i.a

6utér,ducts, i.e.'fVC, does not afford the flexibility

‘Thus, the labor costs in conﬁeCting segments of éutér
duct every forty feét adds.a tremendous cost_elemenF to ...
the overall project budget. Second, each outer duct ~
connection site adds a point of structural weakness to
the series of segments, as well as a site of possibie
contaminant infiltration_f;om_underq;punqméogrggs;Mf-_ _
: Fﬁther, the inéeréioﬁ of the inner ducts tﬁrough'the-'
outer duct imposes a substantial increase in installation
costé, in terms ofllabof; The other fype of multiple
channel duct is disclosed in U.S. Pét. No. 5,692,545.
That reference involves a cable duct for protecting
communication cable comprising an elongated body portion
having a first end aﬁd a second end, the body portion
further including a longitudinal axis extending between
the first end and the second end; éﬁd_at least two

passageways formed completely through the body poftion

and extending substantially parallel to the longitudinal

. rd
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axis, each of the passageways having a cross sectional
area sufficient to loosely contain at least one
communication cable; wherein said body portion is
constructed from a combination of materials including
plastic and ;rumb rubber.

This type of multiple channel duct eliminates the
inner ducts altogether, allowing'egtrusion of a dqu to
ﬁuch greater léngths,_and insfallation of such ducts from
spools. Therefore this type of duct also has advantages
ih minimizihg the nﬁmber of connections required between

segments of the duct and other protective attributes of

' the duct and increase the data transmission integrity of

the cable; themse;ves.

However, this type of duct has deficiencies inﬁerent
in construction from a combination of materials including
plastié and crumb rubber. As described in fhe
specification of said reference, if greater rigidity in
said duct is required, a greater percentage of plastic
may be added. Conversely, if greater flexibility is
desired, a greater percentage of crumb rubber would
likely provide the necessary flexion.

' Thefefore, It is difficult to meet the strict needs
of greatef strength and greater flexibility at the same
time in this-type of multiple channel duct. ﬁesides, It
is easily foreseen that this type of-multiple channel
duct with greater percentage of crumb rubber will has

rd
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passageways with less smoothness on their inside surfaces.
These might be critical deficiencies in field of cable
ducts, through which fiber optic cables, electric wires

or the likes are inserted.

SUMMARY OF THE INVENTION

ch’

It is an object'of this invention to provide a

multiple channel duct assembly which enables quicker

[rows P

installation of fiber optic cables, electric wires of.the -
likes -thus reducing labor énd material costs . ;
:éﬁbstantially ovefdthe prior art.

It is another object of this invention to provide a
multiple channel duct assembly which reduces the number

of connections required bétween the duct segments -

wrgo s

.themselves and has greatér strength as well as greater
flexibility at the same time.

| It is still énother bbject of this'invention to
provide a multiple channel duct assembly which has inner
ducts with sufficiently smooth inside surfaces.

The multiple channel duct assembly for cables in
accordance with the present invention comprises (a) a
plurality of plastic inner ducts contiguous, co-
directionally extending,lsubstantially parallel, in
abutting cohtact with each other,-each of said inner

ducts having the cross sectional areas sufficient to
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contain at least one cable; and (b) a plasﬁic outer.duct
encircling said inner ducts over their entire length to
retain them in their contiguous relationship; (c) wherein
said outer duct has a corrugatgd tubular section
including a plurality of contiguous ridges and troughs
extending over the entire length; (d) whereby said
assembly is so flexible that it can be coiled around _
transportable reels as well as so strong that it can )
withstand dirt in a trench. _

The multiple channel duét_assembiy can be extruded
ihéessantly to much greateﬁ lengths, being coiled around
transportable reels. A great length of said multiple
channel duct assembly be coiled én the reel for lay out
into an underground communications pipe, or can be reeled
into a trench for direct burial.

This duct éssembly allows an overall reduction in
cable installation costs, and the manifolding aspect of
the present invention maintains high strucfural integrity
over the entire length of the conduit sections, and
affords enhanced moisture protection to the entire system
by reason of the pufer duct which is corrugated and
incessantly.extended. Besides, the aspect of inner ducts
of'plastic.with less friction provides sufficieﬁtly |
smooth inside surfaces to the inner ducts, through which
fiber optic cables, eleéfric wires or the likes are

inserted.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG., 1 is a front elevational view of the multiple
channel duct assembly of the invention depicting a

typical assembly containing five inner ducts within a

'corrugated outer. duct A portlon of the corrugated outer .

duct has been broken aWay to show the inner ducts w1th1n
the corrugated outer duct. . - o L

FIG. 2 is a sectional View_taken alohg-the line 2-2

of FIG. 1.. _ ..

FIG. 3 is a cross sectional view of a bundle of
inner ducts formed by assembling separately extruded
inner ducts. |

FIG 4 1s a cross sectlonal view of a’bundle of
connecting webs.

FIG. 5 is.a.view.in elevation illustraéing the
manner in which multiple channel'duct assemblies in
accordance with the invention are reeled upon a storage
reel ready to be laid out for typical installation in an
underground location. |

FIGs. 6land 7 are the cross sectional views of other
embodiments of the invention depicting duct assembly
including a plurality of inner oucts with straight

tubular sections within a corrugated outer duct with
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round cross section.

FIGs. 8, 9 and 10 are the cross sectional views of
other embodiments of the invention depicting duct
assembly including a plurality of inner ducts with
straight tubular sections within a corrugated outer duct
with non-round cross section.

FIG. 11 is the cross sectional view of other
émbodiments of the invention depictihg-duet assembly
igcluding a plurality of inner ducts with straight
itubularﬂsections and a plurality of inner dﬁcts with
corrugated tubular sections within a corrugated outer

duct with non-round cross section.
BEST MODE FOR CARRYING OUT THE INVENTION

‘These and other objects and advantages of the
present invention will no doubt become apparent to those
skilled in the art after having read the following
description of the embodiments which are contained in and
illustrated by the various drawing figures.

A.particular method and apparatus is necessary for
producing the duci assembly in accordance with the
present invention.'Thé apparatﬁs for prodﬁcing thé duct
assembly and the method in accordance with the present
invention is also.distiﬁguished from prior arts, thus

being applied for patent separately from this invention.
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Therefore, the detailed description on the epparatus and
method of producing the duct assembly in accordance with
the present invention is omitted at this specification
and drawings.

As shown FIGS. 1 and 2, a preferred embodiment of
the multiple channel duct assembly comprises a plurality
of elongated inner.ducts 10 of: plastic; which are
exfendee_in abufting-confact‘withneach'other) and an

outer duct 20 of plastic,- wh1ch enc1rcles the inner ducts

“10 over their ‘entire length to- retaln them in its - 3
- contiguous relationship, with a corrugated tubular _ *
section. i

The inner ducts 10 are extended co-directionally,
substantially parallel, in abutting contact with eaéh_
other, and have the cross sectlonal areas suff1c1ent to
contain at least one optlcal flber cable or electrlc w1re'é
each other.

The inner ducts 10 are assembled to form a tube
bundle 1. The tube bundle 1 may be formed by assembling
separately extruded inner ducts 10 as shown FIG. 3, or by
folding inner ducts 10 with flexible connecting webs 11,
as shown FIG. 4. The.tube bundle 1 can have various cross
sectional shapes according to the number-ef the inner
ducts 10 and cross seetiohal shapes of.the outer duct 26.

‘Although in fhe preferred_embodiment, the inner

ducts 10 are circular in cross sections, it is to be
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understood that each of inner ducts 10 may take any
desired shape such as round, ellipsoid, square or any
other cross-sectional shape required for its final use.
The inner ducts 10 can be made of polyethylene,_
polypropylene, or any other thermoplastic resin. However,

It is preferable that each of inner ducts 10 is made of

. polyethylene, which is more flexible and exhibits. less

sliding friction than any other plastics. Té reduce N
further the friction between the inner ducts'lo.and
fiber—optic cable as the cable is drawn through the .
system, the interior surfaces of the inner ducts iO can
be formed witﬁ'longitudinal, of spiral ridges 12 upoﬁ"
which the cable-ride as it pulled through the inner ducts
as shown FIG. 2. BAlternately, the wall of the inner ‘duct
can be formed with corrugation.

The outer duct 20, thch includes the corrugated
tubular section having a plurality of ridges'21 and
troughs 22 extending over the entire length, encircles
the inner ducts over their entire length to retain them.
It is important that theltroughs 22 of the outer duct 20

are in contiguous relationship with the inner ducts 10 as

" shown FIG. 2. It is preferable.that the outer duct 20 and

the inner ducts 10 are welded together at the contiguous
portions where the troughs of the outer duct and the
inner ducts are contacted.

Although the preferred configuration of the outer
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duct is regular, precisely circular corrugations, helical
corrugations can also be utilized. The outer duct also
can be made of poiyethylene, polypropylene, any other
thermoplastic resin. However, the most preferable
material of the outer duct is polyethylene, which is the

same as the inner ducts.

' The present invention resides.in-that a pluralitY~bfl§ o

inner ducts 10 are extended contlguous, co- dlrectlonally,

_substantlally parallel, in abuttlng contact with each

other, and a corrugated outer duct 20 enc1rcles said
inner ducts 10 over their entlre length to retain them ;n
contlguous relatlonshlp with them The mutiple channel
duct assembly in accordance with the present invention is
so0 flexible that it can be coiled around transportable
relativély large diameter has corrugated tubular sectioni

An embodiment of FIGs 1 and 2 depict a multiple channel

duct assembly in accordance with the present invention,

which has been manufactured in my factory.

Five inner ducts 10 which are extending in
substantially parallel, in contiguous abutting
relationship with_each other, along their longitudinal
axes, are held by a corrugated tubular outer duct. Each
of the inner ducts 10 is connected by fiexible webs 12.
The outer duct 20 is helically corrugated.

The corrugations of the outer duct 20 include
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contiguous alternating ridges 21 and troughs 22 extending
along the length of the outer duct, thus providing with
greater flexibility and greater strength at the same time
so that the multiple channeled duct assembly can be bent
through a relatively small radius withoﬁt fracture.

In this embodiment, both the outer duct 20 and the
inner ducts 10 have been made of polyethylene, the same
material. The inner ducfs 10, having longitudinally
straight tubular sections, are conhectgd by flexible webs
llland.folded tp form a tube bundle in abutting contact
with each other. The interior surfaces of the inner ducts
10 are formed with longitudinal fidges 12.

The outer duct 20 and the inner ducts 10 are welded
together at the éoﬁtiguous portions where the troughs of
the outer duct and. the outer surfaces of the inner ducts
are contactéd..The detailed advantages of the embodiment.
in accordance with the present invention are described
below.

First, the embodiment in accordance with the present
invention is amazingly flexible and can be easily coiled
around the reel 30 with only two meters in diameter as
shown in FIG 5. The multiple channel duct assembly of the
éresent invention can be incessantly extruded in lengths
of more than oné kilometer, depending upon the need of
jop sites for installing 6ptic cables or electric_wireé.

The benefits of achieving these substantially dgreater
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lengths are: (1) less connections between cables and
cable duct, (2) longer life and greater reliability of
the cables, and (3) faster installation and maintenance
of both cables and cable duct.

Second, the embodiment in accordance with the
present invention, has straight tubular sectional ihner
ducts 10 which are assembled 1n abuttlng contact with

each other, and a corrugated outer duct 20 which

- encircles the inner ducts over their entire length to .

* retain them in its contiguous relationship. This whole-

configuration prov1des superior crushlng re51stance to

withstand the weight of dirt filled in a trench whlle - .
simultaneously allowing the present invention to flex and

bend about an arc as small as five feet radius.

' Third, since the inner ducts 10 of polyethylene

‘which have lengitﬁdinal ridges 12 on their inside

surfaces and less connectiohs, provides a low friction
surface,-thus fiber optic cabies,'electric wires or the
likes are easily inserted through them.

Fourth, since both the outer duct and the inner
ducts are not only made of the same material but also
welded together at their contiguous portions, even though
the.temperature of the inner ducts and the outer duct

change at jop sites,'the inner ducts will not move

longtudinally with respect to the outer duct.

Although the preferred embodiments , as shown FIGS.
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6 and 7, have a corrugated outer duct with é round ckoss
sectional shape, FIGS. 8~11 depict non-round cross

sectional shapes which can be employed in the special
cases in any other environment where non-round Cross
sectional shapes are advantageous. Of course, a wide
variety of alternative shapes could be also used,
depending upon arrangemént of 'inner ducts required for a
particular cable installation. Various embbdiments in
accordance with the present invention are briefly
descgibed belaw.

'FIG. 8 shows a multiple channel duct assembly which
includes two straight tubular inner ducts 10 with round
cross sectional shape, and an corrugated outer duct 20
with ellipsoid cross-sectional shape.

FIG. 9 shows a multiple channel duct assembly which
inéludes three straight tubular inner ducts 10 with round
cross sectional shape, and an corrugated outer duct 20
with triangular cross sectional shape with round éorners.

FIG. 10 shows a multiple channel duct assembly which
includes four straight tubular inner ducts 10 with round
cross sectional shape, and a corrugated outer duct 20
with quadrangular cross sectional shape wiﬁh round
corners. _ |

FIG. 11 shows a multiple éhannel duct assembly which.
includes four straight tubular inner ducts and five

corrugated inner ducts, and a corrugated outer duct 20
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with quadrangular cross-sectional shape witﬁ round
corners.

Although the present invention has been described in
terms of specific embodiments, it is anticipated that
alterations and modifications thereof will no doubt

become apparent to those skilled in the art. It is

.. therefore intended that-the following claims be ST

interpreted as co#efing all such.altérations and
modifications which fall within thé_true spirit and scope

of the invention. e e
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CLAIMS

1. A multiple channel duct assembly for cables
comprising:

(a) a plurality of plastic inner ducts contiguous,
co—directionally'extending, substantially parallel, in
abutting contact with each other,'each of said inner
ducts having the cross sectional areas sufficient to
contain at least one_cable; and

(b) a plastic outer duct encircling éaid innér ducts
over their entire length to retain them in théir
contiguous relatiohship;

{(c) wherein said outer duct has a corrugated tubular

section including a plurality of contiguous ridges and

troughs.extending over the entire length;:

(d) whereby said assembly is so flexible that it can
be coiled around transportable reels as well as so strong

that it can withstand dirt in a trench.

2. The multiple channel duct assembly for cables of claim
1, wherein each of said dinner ducts is made of

polyethylene.

3. The multiple channel duct assembly for cables of claim
1, wherein each of said inner ducts has & substantially

round cross sectional shape.

R AR A
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4. The multiple channel duct assembly for cables of claim
1, wherein each of said inner ducts is made separately

extruded.

5. The multiple channel duct assembly for cables of claim
1, wherein each of said inner ducts is connected by . ~ .-

flexible connecting webs."
6. The.mnltiple'channel duct aésembiy for cables of claim
1, wherein said ‘outer duct has a substantially round .

cross sectional shape.

7. The multiple channel duct assembly for cables of .claim

1, whereip said outer duct has a substantially ellipsoid

»

cross sectional shape.

8. The multiple channel duct assembly for cables of claim
1, wherein said outer duct has a substantially triangular

cross sectional shape with round corners.

9. The multiple channel duct aséembly for cables of claim
1, wherein said outer duct has a substantially

quadrangular cross sectional shape with round corners.

10. A multiple channel duct assembly for cables

e

I S———

|
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comprising:

(a) a plurality of plastic inner ducts contiguous,
co~directionélly extending, substantially parallel, in
abutting contact with each other, each of said inner
ducts having the cross sectional areas sufficient to
contain at least one cable; and

(b) a plastic outer duct encircling said ihner ducts
over their entire length to retain them in their
coﬁtiguogsarelationéhip; .' |

(c) wherein said outer duct has a corrugated tubular
section including a piurality of'contiguous ridges and |
troughs extending over the entire length, and wherein
said inner ducts and said outer duct are altogether made
of polyethylene; o .

(d) whereby said assembly is so flexible that it can
be coiled around transportable reels, and so strong that

it can withstand dirt in a trench.

11. The multiple channel duct gssembly for cables of
claim 10, wherein said inner ducts and said outer duct
are welded together at the contiguous portions where the
troughs'of said outer duct and the outer peripheral ‘

surfaces of said inner ducts are contacted.

12. The multiple channel duct assembly for cables of

g
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claim 10, wherein each of said inner ducts is made

separately extruded.

13. The multiple channel duct assembly for cables of
¢laim 10, wherein each of said inner ducts is connected

by flexible connecting webs.

14. The multiple channel duct assembly for cables of
claim 10, wherein the interior surfaces of said inner '
dﬁctS'aré formed with'léﬁgitﬁdinél ridgés upon which the

cable ride as it pulled through them.

15. The multiple channel duct assembly for cables of
claim 10, wherein the interior surfaces of said inner
ducts are formed with spiral ridges upon which the cable

ride as it pulled fhrough them.

16. The multiple channel duct asSembly for cables of
claim 10, wherein the wall of said inner ducts are formed

with corrugation.

17. The multiple channel duct assembly for cables of
claim 10, wherein said outer duct has a substantially

round cross sectional shape.

18. The multiple channel duct assembly for cables of

L R
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claim 10, wherein said outer duct has a substantially

ellipsoid cross sectional shape.

19. The multiple channel duct assembly for cables of
claim 10, wherein said outer duct has a substantially

triangular cross sectional shape with round corners.

20. The'multiple-channel duct assembly for cables of
claim 10, wherein said outer duct has a substantially

quadrangular cross sectional shape with round corners.
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