WO 01/ 01535 PCT/ KROO/ 00457 NULTIPLE CHANNEL

DUCT ASSEMBLY FOR CABLES BACKGROUND OF THE | NVENTI ON
Field of tweDbiotess i on This invention relates to
provi ded for containing long runs of optical fibers, fdj/f&holwl?‘;

wires or the |ikes disposed in underground networks. Mre
particularly, the invention relates to a nmultiple channel 10 duct

assenbly which includes a plurality of contiguous “ducts adapted for

t he contai nment of |engthy runs of for optical fibers, electric wres
or the I|ikes. : ' I RELLQN t ' In the
ground networ k i ndust WLTEWB%EWE&?&T&E gﬁéﬁhﬂ’t’ ;%{93 gl}%&ﬁson of fi ber
optic cables or electric wires is critical to nmaintaining the

integrity of "the information
' BACKGROUND OF THE INVENTION

S 1I. Field of the Invention
e 'Thieiinyeption,;elates to.a ‘duct that-is provided .
-fdfhébntaihiﬁg.long runs of optical fibers, electric
‘wires or the likes dlsposed in underground networks. More
'partlcularly, the 1nvent10n relates to a multiple channei'
10 . 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.fibet-optie cables or electric wires is
critical.to maintaining the integrity of the information
or the_electric energy carried by such cables.

20 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
25 innovation in this indﬁstry has been directed to devising

certain combinations of coverings to surround the optical



or the electric energy carried by such cables. 20 Due to the

delicate %ld{/g's?§ the optic fibers or electric wires thensel ves,
there is a need to protect the fibers or the el ectri cPRIMKROVPYMST,

external sources of stress, such as tenperature, pressure and contact
W th contam nati ng substances. As result, nost of the 25 innovation
in this industry has been directed to devising certain conbi nations of

coverings ! @iBUrsOdadelBRLaRL! Gikes. herelSrdM 9%830er Aiprpasion:

‘natalling Proariasppd BaniBsFarfong. tibes obtic sahfe PaflovRanne duct
corrugat ed | nner® TELGEEPS CBARPEh.AEct BT o FRRER ol VS Exbehai Ng:
Said nner GBETHS0rhocahBEfres arPLEeRt AEL Ot foRBSHared jtmtT convol uti ons
Croughss THCCEnAERnH EaPRFe At REr T LOb el e St Sheach o
consisting gfy,2: sREALM 9 pdE ) FoPO! ¥ MLEN QY ' S50 P8 With each
other, each of said inner duct havinQ a series of
enciiéling contiguous éonvoiutions extéﬁdiﬂgﬁover ?he
length, being made up_of cpntiguous_ridges and troughs;
10 and a flexible, synthetic résin 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
15 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
20 into an underground communications pipe, or can be reeled
into a trench for direct burial. This type of multiple
channel dgct allows an overall reduétion in fiber optic
cable installation costs, and the manifolding aspect of
the system maintains high structural integrity over the

25 entire length of the conduit sections, and affords

enhanced moisture protedtion to the entire system by



a thickness of about 5 mls to about 15 mls, said sheath of rigid
pol yvinyl chloride encircling and jacketing the corrugated inner ducts -
over theirwoemtirssl ength to retain 15 themin their cont ipgqy@i®oonoss?

rel ati onship. The above nentioned reference says that this type
of mul ti ple channel duct is flexible and can be coiled around
relatively large reels. A great length of said mul tipl e channel duct
be coiled on the reel for lay out 20 into an underground conmunications
pi pe, or catebgonceifedthe overirapaehpeBgBdf orhdkeealivittbges RS thgpe of
mul tiple channel duct allows an overall reduction in fiber optic
cabl e inst ambatti desdeable atdribatesnihotdengapspeaticef for optheaiystem
mai nt ai ns "high structural integrity over the 25 entire length of the
condui t sectiibess,ard edftirdcdwires ognhRacedxapi sture protection to the

entire system by WO 01/ 01535
PCT/ KRO0100457 However, I have not found this tyBe of muléapges of the
overw ap enployed. These advantages are the nost desirable attributes

in the cabl ehduelelf duceptisCabld in kebersabekeghuétCmdrkes ahtihenbivkes.
The reason, I believe, is why this type of multiple

_ 'bhahﬁéi”dﬁét has crifiéél defiéigﬂc;eSjih sﬁféngthlpréﬁé

fléxibility iﬁ reality, which.have not been found by the a

invéntor-at first. It is well known fact that although

s si?’*%h

.10 the inner duct of plastic with relatively small dlameter,
even_though non-corrugated, is so-flexible that it can beﬁ
coiled.around transportablé reéls,_the non-corfﬁgated : |
outer duct of plastic with relatively large diameter is
not so flexible that it can not be coiled around

15 trépspoftéb;e reels. .. . . ' S _ . I
| The above—mentionedlmﬁltiple channel duéf include &
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

20 1is 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

25 disclosed in U.S. Pat. No. 5,027,864. That reference

involves the use of a hollow outer duct, typically



However, | have not found this type of multiple 5 channel duct is sold in

real cable duct market until now: The reason, | believe, is why this

type of mWEOHPIS3s channel duct has critical deficienci BETARO0P4SAgt h
flexibility in reality, which have not been found by the

|nventor at first. It is well known fact! that although 10 the inner duct

of plastic with relatively snall dlaneter even though non-corrugated,
is so-flexible that it can coi | ?und tranggo ta gle reels, the
non- cor r ugafeRsStructgg: gf BeéyvbPYngéPF&dﬁn ﬁv?élé?l ¥§ PYE di aneter is

not so flexible that it can not be COI|§d aror tra Eortable reels.
The above- mtRPPEREd WHAChpPEC¥RERACF B %r?Ec guela ot Pfog? FaPRty of
corrugated inner ducts of plastic and a agted outer duct of
pl astic. Thé¥eRotbe ﬁ@em§n§§sPP?ergrouBﬂdeTE%BoﬁuFﬁﬁt aBbYe2fedt i oned
mul tiple channel duct 20 is not so flexible that it i of be coiled

ar ound copgdhd fofegpltber BaF§agde BE| fehEmPRL: O h?@aﬁ ffc Eh%? i 8T one
of the reasons why thlsntépe of _nmultiple channel i not be
founded § n FéBRegapbetsar k¥pically constpugtedaf H% %%thtePﬁstﬁlling

fiber optic cables is_ 25 disclosed in U S , Pat. 5, 0%% 864. Tgat
reference contipugusdy @ﬁ@gu§ﬁno¥e%gFBFtoﬂpbﬁ?e?raﬁt?est BcAFFOR

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
10 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
15 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
20 through each of the inner ducts by a pull string blown
| through each of the iqner ducts. The resulting assembly,
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
25 pfotective'outer duct. The ribbed design of the inner

ducts is to purports to facilitate the installation and
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4 constructed of polyvinylchloride (PVC) in forty foot | engt hs,
whi ch proW@exetsdfe first | evel of protection from t hepet/RROONORS7
underground. This outer duct acts as a conduit for the passage of a
nunber of smaller tubes, or 5 "inner 8lucts" typically constructed of
pol yet hyl ene in continuously long run | engths, which provides the
second | evel of protection fromthe el ements underground. Each of
t hese i nnerreftaval s cabliethefommasinttaneaice and Irepgiitrudi nal | y ext endi ng
ribs, and each inner duct may 10 contain a single fiber optic cable or a
plurality of sudfhile thealdbesre-described Tethoet lodd igfs taldtatiildm@nde
cables first requires the introduction of the inner ducts through the
out er hnstingy qfulfibey tdpd imablastdods gmorisisoal deadatied on 15 the
surface. From an underground work area, a gripper is attached to one
end of eachlgveleroftgnvesfiteagrcanfiodh Maismtenandenped dweaist rancd icimawn t hr ough
the outer duct until they reside conpletely within the outer duct.
Once thé i maarkers, as well as protection for the cables themselves,

several deficiencies are apparent.

- "First, the materiai'uSedffdr_fabrication of thHe. -

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

‘for use with spools in lengths greater than forty feet. =

10 Thus, the labor costs in conneCting segments of outer
duct every forty feét_adds.a tremendous cost element 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 possible

15 . contaminant infiltration from undergrounqmsogrg?s;"f-

. Futher, the insertion of the inner ducts through'the-j
outer duct imposes a substantial increase in installation
costs, in terms of labor. The other type of multiple
channel duct is disclosed in U.S. Pat. No. 5,692,545.

20 That reference involves a cable duct for protecting
communication cable comprising an elongated body portion
having a first end and a second end, the body portion
further including a longitudinal axis extending between
the first end and the second end; and at least two

25 passageways formed completely through the body poftion

and extending substantially parallel to the longitudinal

- rd



ducts are in place, the fiber optic cables are then drawmn 20 through each
of the inner ducts by a pull string bl own t hrough each of the inner
ducts. ThWOrl#$35i ng assenbl y, t herefore, conprises apci/RBbEodssHer
optic cable or a plurality of fiber optic cables within each of
sever al I nner ducts, with the inne6 ducts being surrounded by the 25
protective outer duct. The ribbed design of the inner ducts is to
purports to facilitate the installation and WO 01/ 01535
PCTI KROO 08438, each of the passageways having a Bross secdrimvall of cabl es
for maintenance and repair . Whi | e the above-descri bed nethod of
i nstal | ati e¥eansuificilepdsitieg lgfosdlyercontiin adbllesstoenerovi de a certain
| evel of convenience for nmai ntenance and construction 5 workers, as well
as pr ot ect conmupl caltd odalladd ehethegledes said boslyvpoait idef iis enci es are
apparent. First, the material used for fabrication of the out er
ducts, i.ecoRrgCruddes datomafaf eomhtime tiloexiolfi matyrials fioclusking t h spool s
in lengths greater than forty feet 10 Thus, the | abor costs in connecting
segment¥ oblestdc and cgugb ewbberforty feet adds a trenendous cost el enent
to '
This type of multiple channel duct eliminates the
inner ducts altogether, allowing extrusion of a duct to |
much greater léngths,_and installation of such ducts from
spools. Therefore this type of duct also has advantages
10 in minimizihg the number of connections required between
segments of the duct and other protective attributes of
' the duct and increase the data transmission integrity of
the cables themselves.
However, this type of duct has deficiencies inherent
15 1in construction from a combination of materials including
plastié and crumb rubber. As described in the
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
20 desired, a greater percentage of crumb rubber would
likely provide the necessary flexion.
" Therefore, 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. Besides, It
25 1is easily foreseen that this type of multiple channel
duct with greater percentage of crumb rubber will has

rd



the overall project budget. Second, each outer duct connection site

adds a point of structural weakness to «the series of segnents, as well.
as a sitewsrolms3si ble 15 contamnant infiltration from

sour ces. Futher, the insertion of the inner ducts through the
outer duct inposes a substantial increase in installation costs, in
ternms of |abor. The other type of nmultiple channel duct is disclosed

in US. Pat. No. 5,6692,545. 20 That reference involves a cable duct for
pr ot ect i ng passagswanmiwidti dressalsivootbmessissiong thrisl dngated sbadpcgsrti on
having a first end and a second end, the body portion further

i ncl udi ng &Hemegirtighitndle axiitisaleddifigienciesnin fiefHdeoffi cgblend and t he
second end; and at |east two 25 passageways forned conpletely through the
body porti slucts, thrbush eddiohg fiblest aptiisl cpbpasal PérCEEich®lkgagi t udi nal

WD 01/ 01535 ' . PCT/ KROO 004S7
6 © axioy, thechlidfes lgepdgs@géwdys having a cross sectional ar ea
sufficient to | oosely contain at |east one comuni cati on cabl e;

wher ei nSsai d body portion is

SUMMARY OF THE INVENTION

ch’

It is an object'of this invention to provide a

multiple channel duct assembly which enables quicker

e N

10 installation of fiber optic cables, electric wires of.the
likes -thus reducing labor énd material costs - 3
:éﬁbstantially ovefdthe prior art.
It is another object of this invention to provide a
multiple channel duct assembly which reduces the number
S : of connections :gqui:ed between the.duqt'segménts -
.themselves and hag 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
20 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
25 abutting cohtact with each other,-each of said inner

ducts having the cross sectional areas sufficient to



constructed froma conbination of materials including 5 plastic and crunb

r ubber. This type of miltiple channel duct elimnates the

i nner ducﬂgogFTHaﬁther al l owi-ng extrusion of a duct to  PCTAKROpOSZat er

| engths, and installation of such ducts from spools. Therefore this
type of duct also has advantages 10 i® nininizing the nunber of

connecti ons required betmeen segnents of the duct and other protective
attributes of uct and increase the data transmi ssion integrity of

the cabl es FHBFEéPv€§ 1848t 8he cppheyerndt fPL #yBLagflgueptegsduct
deficiencies inherent 15 in construction froma conbjnatjon of naterlals

i ncl uding ©PRCiFFadPPcSahd LPDRE AUBHErovaE HR’LF BRELFR ifRyth
specification of said reference, if greater rig sald duct is
required, arﬁFééPthB@r&EnFESéroFOBFbS?PBS relaﬁ%9n%%190déﬂ) hevetBely, if
greater flexibilit 20 desired, a greater percentage, of crunb rubber
woul d FPk@I9“%?6v@8§tthésnécéggﬁPgaFF@xFBﬁu lar sectionthgrefore, It is
difficult to neet the strlct needs reater strength and greater
erxubuFﬁtylgFlPﬁéngaﬁeP ural%FMe°ﬁn¢?%F§9?9%% bt Qﬁﬁt?ﬁﬁetﬁﬁ%ﬁ%%l duct .
Besi des, It s easily foreseen that this t{pe of nultlfle channe

duct with g?%E?EPlﬁgrEgﬁfaﬁﬁeanE%ﬁ%bl?%%B%r | Whegkeby sa

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. _

.10 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

15 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

20 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

25 fiber optic cables, eleéfric wires or the likes are

inserted.
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passageways with | ess snoothness on their inside surfaces.
These m ghWO®//E35 | cal deficiencies in field of cable PCEYRRGo/004dy OUgh

whi ch fiber optic cables, electric wires or the likes are inserted.
5 SUMMARY COF THE | NVENTI ON 9 It is an object of this
I nvention to provide a mul tiple channel duct assenbly which enabl es
quicker 10 installation of fiber optic cables, electric wires or the
| i kes-thus reducing | abor and material costs substantially over the
prior art. It is another object of this invention to provide a
mul tiple channelBﬁﬁﬁfaﬂﬂﬁﬁﬂ&BﬁﬁﬂmtﬂF TEEu DRAWINESnunber 15 of connections
requi red between the.duct segnents t hensel ves and has greater strength
as well as greater flexibility at the sane tine. It is stil
anot her object of this invention to provide a nultiple channel duct
assenbl y whi ch hddG.ndeds a front elevational view of the multiple
5 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. . - L -
io FIG. 2 is a sectional view taken along the line 2-2
of FIG. 1.. .. | ﬂ
FIG. 3 is a cross sectional view of a bundle of
inner ducts formed by assembling separately extruded
inner ducts. | |
15— FIG 4 1s a cross sectlonal view of a bundle of
inner ducts formed by folding inner ducts with flexible
connecting webs.
FIG. 5 is. a view in elevation illustrating the
manner in which multiple channel duct assemblies in
20 accordance with the invention are reeled upon a storage
reel ready to be laid out for typical installation in an
underground location.
FIGs. 6 and 7 are the cross sectional views of other
embodiments of the invention depicting duct assembly

25 including a plurality of inner ducts with straight

tubular sections within a corrugated outer duct with



20 ducts with sufficiently snooth inside surfaces. The multiple

channel %ié assenbly for cables’in accordance with the present

i nvention Bs (a). a plurality of plastic inner 86T °@@W§7guous,
co- dlrectlonally extendi ng, substantially parallel, in 25 abutting
contact with each other, each of said irther duct s having the cross
sectional areas sufficient to WO 01/ 01535

PCT/ KROO 00457 8 ' contain at |east
one cabl e; Eﬂﬁn?b§r%s§I3§?Fﬁ°Buter duct encircling said inner ducts
over their entir eng o] retain themin their conti

rel-ati onship; ? é}ﬁeréfn5 and 1Q; 3¢ {kﬁ %ﬁﬁﬁerEFEE qg%*@% Wibul ar

oxt endi ng icaér.ﬁ'gfﬁ%r'nﬁﬁmgr'l%‘%ﬁaﬁh n e E St ef?gaci tﬁgi‘ﬁh?s so
ST e e sl Lot seoutt e ool = vl 2
L el e srrerbty Lo b O cpr oLt
with non-round cross section.
FIG. 11 is the cross sectional view of other .
émbodiménts of the invention depictihg-duet assembly
including a plurality of inner ducts with straight
10 -fubularﬂsections 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
15 |

‘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

20 illustrated by the various drawing figures.

A.particular method and apparatus is necessary for
producing the duci assembly in accdrdance with the
present invention.'Thé apparatﬁs for prodﬁcing thé duct
assembly and the method in accordance with the present

25 invention is also.distiﬁguished from prior arts, thus

being applied for patent separately from this invention.



transportable reels. A great length of said nmultiple channel duct

assenbl y t\go%%%g on the reel for lay out -- . into an underground .
comuni cat 1 ons e, or can be reeled 15 into a trench f@&CTHRoemo4sDUr i al
Thi s duct assenbly allows an overall reduction in cable installation
costs, and the manifol ding aspect of 11 the present invention naintains
hi gh structural integrity over the entire length of the conduit
sections, af f or ds .ephanced  nmoi sfure protection to the entire
system aﬁg§r%g3§8h gﬁetﬂﬁpﬁhg%g JdRRET IR L0 | @0 cBRe RRRAFR IR and

I ncessantly ded. Besi des, the aspect of .inner ducts of plastic
with |ess f??ﬁ%?gnogrBE? 3§l§@f¥9%i&%$¢yassemb%ﬁﬁﬁﬁrP??RﬁQRP%ﬁ”W%ﬁ@S to the

i nner dUCtSthéhﬁﬁ%%?%ﬁgiﬁgenggonf%@ﬁ%yf é%% cables,lelecigiéggggés or the

| i kes are
9 n QQIEF DESCRI PTI ON OF THE DRAW NGS FIG 1is a
front eIeva?i%n FaYtReP of the mul tiple _

5 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
extended in abutting contact with each other; and an

.outer duct 20 of plastic, which encircles the inner ducts

10 10 over their entire length to retain them in its - -g.
- contiguous relationship, with a corrugated tubular _ -
section. -

The inner ducts 10 are extended co-directionally,
substantially parallel, in abutting contact with eaéh_
.15 other, and'have_the cross sectional areas sufficient to
contain at ieast'oﬁe_optiéai fibeflcéble or electrig wiré'é
each other,
The inner ducts 10 are assembled to form a tube
bundle 1. The tube bundle 1 may be formed by assembling
20 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 bundlé 1 can have various cross
sectional shapes according to the number-bf the inner
ducts 10 and cross seétiohal shapes of.the outer duct 26.
25 ‘Although in fhe preferred_embodimént, the inner

ducts 10 are circular in cross sections, it is to be



5 channel duct assenbly of the invention depicting a typi cal

assenbl y W?B@]lgﬁyg five inner ducts within a corrugated outer duct.
A portion'o corrugat ed outer duct has been bro QQMRW%QYShOW
the inner ducts within t he corrugﬁéed outer duct. 10 FIG 2 is
a sectional view taken along the line 2- of FIG 1. FIG 3
Is a cross sectional view of a bundle of I nner ducts forned by

assenbl i ng .se ude . inner . ducts, FIG 4 is a

Cross sect i%ﬁcg%%%vgo&%{ b%ah%l‘ ec’fof1n <t cihh#esr slc?u&]agl ftoarkr?e@rﬁg/ f ol di ng

I nner ducts wth élg@ible connectin 51is a view
St

in elevati o%esfﬁ% ??%gs?% as. TORR ne J}Af?bi?awj‘lddh srgﬂlatrieplogfI nnel duct
ool ready TR PRPE UCT BT AR TR et s RRSR RS S ona
enbodi ment s of tFES i UK | SHEtepl LTy MRS Aty Ve i Bradi g &
plural |4y ol Bebpdtse, bt k) 'GhAl enerndd At $28HOSHALLDLE, 2
It is preferable that each of inner ducts 10 is made of
. polyethylene, which is more_fléxible and exhibits. less
sliding friction than any other plastics. Té reduce N
further the friction between the inner ducts'lo.and
10 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
15 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.
20 It is important that theltroughs 22 of the outer duct 20
are in bontiguous relatiopship with the inner ducts 10 as
" shown FIG. 2. It is preferable.that the outer duct 20 and
the inner ducts 10_a¥e welded .together at the contiguous
portions wheﬁe the troughs of tﬁe outer duct and the

25 inner ducts are contacted.

Although the preferred configuration of the outer
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10 r@gpd cross section. FIG. 8, 9 and 10 are the cross
sectional VPREIPP ot her enbodi nents of the inventi onPGEHMRODO®G7 duct
assenbly including a plurality of inner ducts with 5 straight tubular
sections within a corrugated outer ductl3 W th non-round cross section.
FIG 11 is the cross sectional view of other enbodi nents of the

i nvention dﬁﬁigtlng duct assenbly including a plurality of inner ducts
with strai gAti€t185t GBAPART scRFrohsehvdebr grlpal ¢eyregations, duetscalt h

corrugated tubul ar sections within a corrugated outer duct with
non-round cFBEEUGBELPBA. Can also be upEbizebDETIFOR TARRYIWNG: QUISTHE

| NVENTI ON 15 These and ot her objects.and advant ages of the
present invERARi BR RRPE A5 Belyethrtene PY¥eneosany othexkilled in
the art after having read the foll ow ng description of the enbodi nents
which are cBheslAR4Ishigngesin. However, the most preferable

5 material of the outer duct is polyethylene, which is the
same as the inner ducts.
' The present invention resides .in-that a_plural;tY~bfff'w'.'

inner ducts 10 are extended cSﬂtiguous, co—diréctisn;liy,

| wsubstantially pafaliel, in apqtting éontact with each

10 othér; ané:a.cogrugated'outéf dﬁEtHZO_enqircles said
inner ducts 10 over their entire léngth'to retain them in
contiguous relétionship with theﬁ; The mutiple channel
duct assembly in accordance with the present invention is
so0 flexible that it cah be coiled around transportable

o

-;5 -reels,'becausg ;n‘ou;er du;t 20iof;plastic with =

| relafivély large diameter haé corrugatéd tubular.sectiéﬁ%
An embodiment of FIGs 1 and 2 depict a multiple channel
.duct assembly in accordance with fhe present invention, |
which has been manufactured in my factory.

20 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.

25 The outer duct 20 is helically corrugated.

The corrugations of the outer duct 20 include



20 illustrated by the various draw ng figures. A particular
nmet hod and“&p ﬂﬁ%%us I S necessary for produci ng the duct assenbly in

accordance w ne present invention. The apparatus & @&ﬁ7ng t he
duct assenbly and the nethod in ac&grdance with the present 25

I nvention is also distinguished frompri-dr arts, thus bei ng applied
for patent separately fromthis invention. WO 01/ 01535

PCT/ KROO00/ 457, . . > 1 ~ Theref t he
detail ed deé%#q%ﬁq%ﬂy%NF%Qﬁfgﬁﬁﬁﬁ%u{hgg§ﬁd21 and %éPW@ESOPZnggﬁgpgéﬁﬁhe

duct assenb
this specif
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t ubul ar
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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



The inner ducts 10 are extended co-directionally, substantial ly
parallel, in abutting contact wwth each 15 other, and have the cross
sectional OOHBISEHfficient to contain at |east one oG IRRod/G0hST cabl e
or electric wre each ot her. The inner ducts 10 are
assenbled to forma tube bundl e 1.15The tube bundle 1 may be forned by .
assenbling 20 separately extruded inner ducts 10 as shown FIG 3, or by
folding inner ducts 10 with flexible connecting webs 11, as shown FI G
4. The tubeléougthe arean(hhviesarcousections betwesmrtdadmals dmabes accordi ng
to the nunber of the inner ducts 10 and cross sectional shapes of the
outer duct @@ble28uct, (2N ltmgeh life enprefestrand ratdediingity, athe i nner
ducts 10 are circular in cross sections, it is to be . WO 01/ 01535
PCT/ KROO 003§ cables, and (3) faster installatiomn and mainjed@nsteood t hat
each of inner ducts 10 may take any desired shape such as round,
el i psoi d, sfjuapthocabhys and ocalhks duatss- sectional shape required for its
final use. The inner ducts 10 can be made of pol yethyl ene,
5 Second, the embodiment in accordance with the

present invention, has straight tubular sectional inner

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 .

10 - retain them in its contiguous relationship. This whole:
configuration prov1des superior crushlng re51stance to
withstand the welght 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.

15 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 cables,'electric wires or the
likes are easily inserted through them.

20 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

25 longtudinally with respect to the outer duct.

Although the preferred embodiments , as shown FIGS.



5 pol ypropyl ene, or any other thernoplastic resin. However, It is

pr ef er abl ch of inner ducts 10 is nade of pol yet hyl ene, whi ch
is nmore f é&pgﬁgﬁgnd exhibits less sliding friction tﬁﬁﬂ“ﬁﬂ?m%Wﬁer

pl astics. To reduce further the friction between the inner ducts 10 and
10 fiber-optic cable as the cable is drawn through the. system the
interior surfaces of the inner ducts 10 can be formed with

| ongi tudi ng{ , BPifAle 4 A9ES I 40P | 4 ' [ it
pul led thr oug&{ he' | nneer a%Jluct S Jg?a a;b% own %mbﬁﬂcfﬁétﬁéée%?géhe wal |
of the inner duct 15, can he formed w th corrugation. The outer
duct 20, WRSHHMAuFRERYe Tt ufitdd dePict,BRPrarodde: SF9sFavi ng a
plurality of ridges 21 and ~ troughs 22 extending over the entire

| engt h, endadiiienal shages iwhieth diat dovemplidisd ignttihvee sSmpagdl to retain
them 20 It is inportant that the troughs 22 of the outer duct 20

are in contdafesusin einyl iotdsdn W itondent mtered gsirs-ridrgd cross shown FI G

2. It is preferable that the outer duct 20 and the inner ducts 10 are
wel ded $ogedmirional reharet ignousdvantageous o woemse,hea twiglegghs of t he
outer duct and the 25 inner ducts are contacted. Al t hough the

preferred cadighiy a1f ol tfrnatsl vritsdrapes 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

10 descéibed 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.

15 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

20 1includes 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

25 includes four straight tubular inner ducts and five

corrugated inner ducts, and a corrugated outer duct 20
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13 duct is regular, precisely circular corrugations, helical
corrugat i oHQ Ot8H381 so be utilized. The outer duct also PCT/KRogI0das7 nade

of pol yet hyl ene, pol ypropyl ene, any ot her t her nopl astic resin.
However, the nost preferable 5 materdi’al of the outer duct is )
pol yet hyl ene, which is the sane as the inner ducts. The present
invention resides in-that. a plurality of i nner ducts 10 are extended

cont i guous,Widd! AtadianmElay cross-seafyanadt ishiepg pathl kenndi n abutti ng
contact with each 10 other, and a corrugated outer duct 20 encircles
said GHRETJucts 10 over their entire length to retain themin
contiguous relationship with them The nutiple channel duct assenbly
in accordance wAHhNghdwemresppdntingientgon has bgep| dgsprabedainit can
be coiled around transportable 15 reels, because an outer duct 20 of

pl astic witherms of (spegifiq enbhadjameitanetiér 1agntdeingheddthabul ar
section, An enbodi nent of FIG 1 and 2 depict _a nultigle channel

duct asSenPhEandtdanss dnst aogifiiqatd opsesbprepfiveallonp doubt which has

been manufactured in ny factory. 20 Five inner ducts 10 which are-
ext endi ng bgcome apparent to those skilled in the art. It is

.. - .therefore intended that the following claims be
interpreted as co#efing all such.altérations and
modifications_whigh_fall within thé true spirit and scope

10 of the invention. e



substantially parallel, in contiguous abutting rel ationship with each
other, along their |ongitudinal axes, are held by a corrugated
tubul ar oY@PYFEE . Each of the inner ducts 10 i s cOROBAROC0MHE?
flexible webs 12. 25 The outer duct 20 is helically corrugated.

The corrugations of the outer duct 20 ikl ude WO 01/01535

PCT/ KROO 004s7 14 conti guous
alternating ridges 21 and troughs 22 extending al ong the | ength of
the outer deeAIM$hus providing with greater flexibility and greater
strength at the sanme tine so that the nultiple channel ed duct
assenbly can be bent 5 through a relatively small radius wthout
fracture. In this enbodi ment, both the outer duct 20 and the

i nner ductst410 HAveubbéplangbanpepotiyet Beerbly Heosgales pmaterial. The
i nner ducts 10, having |ongitudinally strai ght tubular sections, are
connect ed bSORPEXFBRE: webs 10 11 and folded to forma tube bundle in
abutting contact wi th each other. The jnterior surfaces of the inner
duct s 10 ar éaf or iebuypthtyonfiplasthie innRregducts 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
10 (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
}5 troughs. extending over the entire length;-
(d) wﬁereby said assembly is so flexibie that it can
be coiled around transportable reels as well as so strong

that it can withstand dirt in a trench.

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

polyethylene.

3. The multiple channel duct assembly for cables of claim
25 1, wherein each of said inner ducts has & substantially

round cross sectional shape.

R AR A



The outer duct 20 and the inner ducts 10 are wel ded t oget her at the
conti guous Bortions where the troughs of 15 the outer duct and the outer -
surfaces ofOOH&%¥Rner ducts are contacted. The det ai | BET/ERIMPMEYes of
t he enbodi nent . i n accordance with the present invention are described
bel ow. First, the embodi ment % accordance with the present 20

i nvention is amazingly flexible and can be easily coiled around t he
reel 30 with only two neters in dianeter as shown in FIG 5. The
mul ti pl e channel duct assenbly of the present invention can be

I ncessantly, extruded,in |engths of nore than_one kil oneter, depending
upon the ne&d Gpe ’231518&3'35&8%?1?&d‘i‘?\%t%$?w36p‘t=c?%. &% ‘bg Cé]}%‘c"g)ri c
Vo 37 01535t hBEREh E3cR o BOBAEY' M4 E5 SN R Sl i

15 - .len thé are: (1) less connections between cables and cabl e
duct, (2) |eWEERIPAfe and greater reliability of t he cables, and (3)

faster installation.and nmai nt enance of both cabl es and cabl e duct.
5 5Second, t he enbodi nent in accordance with the

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

flexible connecting webs."
10 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

15 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

20 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.

25

10. A multiple channel duct assembly for cables

e
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|



present invention, has straight tubul ar sectional inner ducts 10 which
are asseb g | butting contact with each ot her, ang ted
out er ducbﬁ Buﬁﬁ?éh encircles the inner ducts over th ?ﬁ“@ﬁ@ﬁg | engt h
to 10 retain themin its contiguous Hg;ationship. Thi s whol e

configuration provides superior crushi resi stance to “withstand the
wei ght of dirt filled in a trench while si mul taneously allow ng the
present invention to flex and bend about an arc as snall as five feet
radius. 15 °TPIESHRFT 4 since the inner ducts 10 of pol yet hyl ene

-whi ch have longitudinal ridges 12 on their inside surfaces and | ess
connections, provides a low friction surface, thus fiber optic

cabl es,-electric,wres . are easi i nserted. through them
A S S e e

r_the | j ke
20 Fourth, irﬁm?ikﬁ?i%%% %5t%$a% ¢ PR U¢ts are not
cont i guous (Br TR EE LRV Y HOHERR LD DT e So0F b rifbr duct s
o0 s Ut Pl cop FELTRECT LR GUAE I PRty | oot rove
preferred %ﬂﬁgggnggkﬁnb %%esgg%%ng%%tional 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
10 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
15 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.

20  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.

25

12. The multiple channel duct assembly for cables of

g
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16 6. _and have a corrugated outer duct with a round cross

secti onal v%%ﬁ%‘é‘“ﬁzl GS. 8~11 depict non-round cross s eRET/BRN/0045pes
whi ch can be enployed in the speci al cases in any other environnment
where non-round cross 5 sectional sh#des are advantageous. O course, a .
w de variety of alternative shapes could be al so used, dependi ng
upon arrangenent _of ner ducts re U|red for a particular cabl e

instal |l ati l\?hrlr%uy said ipgnegy @RcES wist Fadfe present

i nvention are briefl 10 descrlbed bel ow. FIG 8 shows a

mul tiple cifhfdatdict SES3RY which i ncl udes two straight tubular

i nner ducts 10 with round ‘cross sectional shape, and an corrugated
outer duct 20 with ellipsoid cross- sectional shape. 15 FIG 9
shows a nultjple channel duct assenbly i ncl udes three strai ght
tubul ar i nnet Sl inlke, Ghapnel duct:e§§§m§é§t|SﬁaFa?H§§e° and an
corruga ed uter duct 20 | wiith triangul ar cross sectional gge W th

round c im 10, whergingeagh Gfowel &HPFFpPECGﬁaHﬁeFOHQGF &Ssenbl y

whi ch 20 |ncludes four straight tubular |nner ducts 10 with round
by flexible connecting webs.

14. The multiple channel duct assembly for cables of
cla1m 10, whereln the 1nterlor surfaces of sald 1nner '
10 ducts are formed with- long1tud1na1 rldges upon whlch 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
15 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

20 with corrugation.

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

round cross sectional shape.

25

18. The multiple channel duct assembly for cables of

L R



cross sectional shape, and a corrugated outer duct 20 W th
quadr angul sectional shape with round corners, Fl G
11 shows aiiérﬂflﬁggfe channel duct assenbly which 25 incl uBEYKREYPO4ST [ aj ght

tubul ar inner ducts and five corr%at ed inner ducts, and a corrugated
outer duct 20 WO 01/ 01535
PCTI KROO 00457 17 wi t h quadr angul ar

Cross-secti J pe W th. round corners. | t.hough .t he present
i nvention h%%%ﬁe@%%#%’éﬁ ??ﬁld Ou“feelF rfgu%’? %ebsecaf 3% serﬁ%: i ts, it is
anticipated fhat_ _5.alteratjons. an difications thereof will no doubt
becone _appa%]éﬂjtpﬁ%lqh%g%s k%?(f ]dm?%lt Bfv. 1t is t herefore intended
that the follow ng clains be interpreted as covering all such
alterations and nodi fications which fall within the true spirit and

E%?PERO%SG}Z%‘#E%IIEW Qfﬁfg'channel d‘l:\l/g% 0als/s01 %y for cables of
5 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 substar;tially

10 quadrangular cross sectional shape with round cormers.

MO R RORT M



18 CLAI M5 1. A multiple channel duct assenbly for cables
conpri si ng: 5 (a) a plurality of plastic inner ducts contiguous,
co- di r ectWOmRaMIpSext endi ng, substantially parallel, in  PCTARIPLI4SE
contact with each other, each of said inner ducts having the cross
sectional areas sufficient to cony glgl at | east one cable; and 10

(b) a plastic outer duct encirclin d ner ducts over their entire
|l ength to retain themin their %a%ﬁ us rel ationship; (c)
wherein said outer duct has a corrugated tubul ar section including a
plurality of contiguous-ridges and 15 troughs extending over the entire

| engt h; (d) whereby said assenbly is so flexible that it can

be coil ed, around tr%figortabl e reels as well as so r omg that ,it can
wi thstandydirt in a nch 0 30 The nul tiple cHanngl duct assegbly for
cables of fclaim _L , __ Wher ei n ?'ach of said inner! ducts is [nmade

of  HHHWHT TW{ ‘ Fﬁwwmmwww
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pol yet hyl ene. 3. The multiple channel duct assenbly for cables of

claim 25wdoiwdass ei n each of said inner ducts has a substgntlall0 0457

round cross sectional shape. WO 01/ 01535

PCT/ KROO 00457 19 4. The multiple
channel duct assenbly for cabl es of cI 62/7'6 1 wherein each of said

I nner ducts is nade separately ude 5. The multiple
channel duct assenbly for cabl es of ¢ & 1 wher'ei n each of said

i nner ducts is-connected by flexibl'e connecting webs. 10 6. The
mul ti pl e channel duct assenbly for cables of claim 1, wherein said
outer duct has a substantially roundcross sectional shape. 7.

The nul tiple channel duct assenbly @

10,




15. 1, wherein said outer duct has a substantially ellipsoid Cross

sectional shape. 8 The nultiple channel duct assenbly for cables of °
claim wQ01/0d58% ei n sai d outer duct has a substantially PCI/KRUMS7 20
cross sectional shape with round corners. 9. The nultiple channe
duct assenbly for cables of claim 1, ,wherein said outer duct has a
substantially quadrangul ar cross s Gonal shape with round corners.

25 10.. A multiple channel duct "assenbly for cables WO
01/ 01535 =1 CT/ KRO0D00457

20 conpri si ng: ' aj a plurality of plastic inner
ducts conti guous, . co-directionally extending, substantially
parallel, in 5 abutting contact with each other, each of said inner

ducts having the cross sectional areas sufficient to




contain at | east one cable; and (b) a plastic outer duct

encirclin L 4. d.aner ducts over their entire |leng Lh them
in their Q’Vﬁ?yaﬁggnt i guous rel ati onshi p; o (c) mbg}dh%%d
outer duct has a corrugated tubul ar section including a plurality
of contiguous ridges and troughé/&%tending over the entire |ength,
and wherein sai d inner duct sakg outer duct are altogether
made 15 of polyethylene; (d) wheﬂgaudhai assenbly is so flexible that

it can be coiled around transportable reels, and so strong that

It can withstand dirt in a trench. 20 11. The multiple channel duct
assenbly for cabl es of claim 10, wherein said inner ducts and said
out er duct are wel ded t ogeth contiguous portions where the

troughs of said outer duct and jAis
said inner ducts are contactegd g
assenbly for cabl es of Z
PCT/ KROO/ 00457

Qral surfaces of
The mul tiple channel duct




21 claim 10, wherein each of said inner ducts is nade separately

ext ruded. 13. The multiple channel duct assenbly for cabl es of 5 °
cl aim 10, W%ﬂémé?sﬁ each of said inner ducts is connected W V80357 bl e
connecti ng webs. 14. The mul ti pI e channel duct assenbly for cables
of ciaim 10, wherein the interiorD Lﬁfaces of said inner 10 ducts
are formed with | ongitudinal ridges EEFﬁWﬂI h the cable ride as it
pul | ed t hrough them 15. The bl e¥channel duct assenbly for .
cabl es of claim 10, wherein the interior surfaces of said inner 15
ducts are formed with spiral ridges upon irch the cable ride as it
pul I ed through them 16. The mul tit%qje channel duct assenbly for
cabl es of claim 10, wherein the wal | Jof said inner ducts are forned
20 with corrugati on. 1 annel duct assenbly for

cabl es of

~ o vy “
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claim 10, wherein said outer duct has a substantially round cross

sectional wHaPB1s3s 25 18. The nultiple channel duct as%giéw cabl es
of WO 01101535 ' &&gg700457
22 claim 10, wherein said outer d%gé has a substanti.ally

el lipsoid cross sectional shape. 6 The mul ti pl e channel duct

assenbly for cabl es of 5 clainllo,EMTEie[n1tEid outer duct has a
substantial ly triangul ar cross sec nal ape with round corners.

20. .The nmultipl e channel duct assenbly for cables of claim 10, wherein
said outer duct has a substantially 10 quadrangul ar cross secti-onal shape
W th round corners.
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