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: (57) Abstract: The present invention resides in that a plurality of pre-molded inner ducts are fed w a cross-head die, and a melted

= outer duct is extruded around the inner ducts from the cross-head die, and then the pre-molded inner ducts and a melted outer duct

are supplied into the cormugated tunnel of a molding die in which a melted outer duct is molded to have corrugations, thus producing
a multiple channel duct assembly which includes a plurality of elongated inner ducts and a corrugated outer duct which encircles the
mnerductsoverﬂmrenurelengﬂnoretamthem This method of continuously manufacturing a multiple channel duct assembly by
using an extrusion moldmg machine with a cross-bead die and a2 molding means has not been known heretofore.
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20 and installation of fiber opti-c cables or electric wires is critical to
mai ntaining the integrity of information or the electric energy carried by
such cabl es. wg/d2esst he del i cate rnature of the optic fibers PCR/KR0®/00456 C
wires thenselves; there is.a need to protect the fibers or the 25 electric
wires fromexternal sources of stress, such as t enperature, pressure and
contact with contam nating 2 substances. As a result, nost of the

i nnovation in thl&%\g&é %@Wﬁh %g?p@g %%rlg%or ;?\ggtEMBC Wi -r es.

conbi nati ons of

Therefore, a brief discussion of a ﬁg ﬁ alling fiber optic
uct “di sclose

cable follows. A nultiple channel

In US Pat. No.

4,741,593, conprises a plurality of corrugated inner

BACKGROUND OF THE INVENTION

I. Field of the Invention

- This invention;relates to an apparatus for producing

'a duct and a method therecf, which is provided for

10

LT '\h [
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-fis'critical to maintaining the integrity of 1nformation h

containing long runs. of optical fibers, electric w1res or"

the likes disposed in underground networks More

_particularly, the invention relates to an apparatus for

ifproduCing a multiple channel duct assembly and a method Tr;ﬁiﬁ-

'thereof which 1ncludes a plurality of contiguous ducts

adapted for the containment of lengthy runs of for

optical fibers, electric wires or the likes.

II. Description of the Prior Art

In the ground network industry, the proper de51gn |

‘E_and 1nstallation of fiber optic cables or electric w1res

or the electric energy carried by such cables. Due to the
delicate nature.df the optic fibers or electric wires
themselves, there is a need to protect the fibers or the
electric wires from external sources of stress, such as

temperature, pressure and contact with contaminating



duct s cohtiguous, co-directionally extending, substantially parallel, in

abutting contact w each 10- other, each of said inner dugj. '
series of enéY?8V¥*%pcontiguous convol uti ons extendi ng over 't %ﬂ%ﬁﬁ,

bei ng made up of contiguous. ridges and troughs; and a flexible, synthetic
resin overw ap sheath consisting of a sheatl2 of rigid polyvinylchloride
hhaving 15 a thickness of about 5 mls to about 15 mls, said sheath of
rigid polyvinylchloride encircling and jacketing the corrugated inner ducts
over their entireubstaneeso AetdhirPIHdm PRSthefs tRent PRANAIS e 24t | i p.

The above nenti oned reference says_that this type of 20 nultiple channel.
duct i's f.1exibl elBAYSERR B%sc}b??"gdi%m el 9%?&’7.3?‘9%%?"9?%@ s. A great

gt o S0 MR SIRRnek, di0l 0 S AR e g Bl O
O rect burial. TR gRErel MMHLL PIAAR ol ik AU ap L A BV A
5 method of installing fiber optic cable follows.
. A multiple channel duct disclosed in U.S. Pat. No.
4,741,593, comprises. a plﬁraiity of cor;ugated inner
- ducts contiguoﬁs, co~directionally extending,
_substantially para;;el, in. abutting contact with.each
10 othér, eééh of éaid iﬁner ducﬁ having a sefies pf
encircling contiguous convoiutions-extendipg_over the
{length; being’maéé”up-of ccntigubué:tidgés-énd tfoughs;;;
and a flexib;é, syntﬁetic resin overwrap sheath | |
”cbnsistiné of a shéath of rigid polyvinylchloride having
15 a thickness of about 5 mils to about 15 mils, said sheath
.:”. of rigid’po1yviﬁ§lch16:idevenéirclin§ a§&'jaékéting'the
_corrugated inner ducts over their eptirellengfh tp'retain'
“ them in- their éontigudus rélationship.u_
The above_mé#tiohéd refe:ence says that this type_of
“.fﬁ'ﬁ;ZQ' mpitiple'chahnei'dugt is'fle#ible aﬁd,ééﬁ_be éoi;ed '
-.l'éfbﬁnd rélétivéi§ largé feeis; A great length of said
multiple channel duct be coiled on the reel for lay out
.into an undergroupd coﬁmunications'pipe, or can bé reeled
into a trench for direct burial. This type of multiple
25 channel duct allows an-ovérall reduction in fiber_optic

cable installation costs, and the manifolding aspect of



cable installation costs, and the manifolding aspect of 3 the system
mai nt ai ns hlgbbﬁ,dgg‘stural integrity over the entire length Glerbtomeagui t
sections, ords enhanced noisture protection to the entite system by
reason of the overwrap enpl oyed. These advantages are the 5 nost desirable
attributes in the cabl e duct for optical fi.Bers, electric wires or the

| i kes.” However, have not found this type of nultlple channel duct is sold
in real cable du et untll ROQW. Th reaso hel.i eve y
type:-of nultiple anne alcri1 gtmﬁa ﬁ| Eﬁ‘é?{l%rezf | clinetr?c‘:’lrégy ﬁvW?r E%gt h or

It is well known Inner duct of plastic wth
relatively smal | gk AL moisture protection to the entire system by

erX|b|I|ty inr %éggﬁ%POQa hnggge é&%%%kﬁé": %.bgtgghgr at first.
act that al t hough the: _
reason of the overwran employed. These'advantages are the
5 -most desirabie_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, ie_why this type of multiple
- 10 .channel'duct has critical deficiencies iﬁ Strength'or
_flex1b111ty 1n reallty, whlch have not been found by the
'cfiT’h'telnventor at - flrst It 1s well known fact that although
:the inner duct of plastlc with relatlvely small dlameter,
even though non-corrugated, is so flexible that it can be -
15 - coiled around transportable reels, the non-corrugated
'*';outer duct of plastlc w1th relatlvely large dlameter is SR
not- so flexible that 1t can not be coiled around
__transportable reels....l
| The above—mentloned multlple channel duct 1ncludela T T
'nh_;?Q-_plurality of corrugated inner ducts of plastlc and a non-_f..
..hircorrugated outer duct of plastlc. Therefore, 1t is ea51ij?:;'f‘
understood that the above mentioned multiple channel duct
- is not so flexible that it can not be coiled around
transportable reeis. I believe that this deficiency is
25 one of the reasons why this tyne of.multiple channel duct

can not be founded in real czble market.



even though non-corrugated, is so flexible that it can be 15 coiled around

transportabl %6%%02355 the non-corrugated outer duct of plastigepkiéb/oodss
relatively large dianeter is not so flexible that it can not be coited

around transportable reels. The above-nentioned nultiple channel duct -
include a 20. plurality of corrugated inner Yucts of plastic and a non-
corrugated outer duct of plastic. Therefore, it is easily understood that

not be coiled around f SHEPSPE AP RS aTE iotadliede tiRar oRritdapriteny
£ o Ch L0 IR b PR S R b Pl gt be
optic cables is ;, yo1ves the use of a hollow outer duct, typically "
| | constructed of polyvinchhioride.(Pvcy in fortf foot
5 léngths, which provides the first level of protection
from the elements undergfound. This outer duct acts as é
conduit for the passagé bf a number of smaller tubes, or
"inner ducté" typically consfructed of polyethYIene in
continuously long run lengths, wﬁich provides the second
10 lével:of protecfioh from‘thé elemehts ﬁhdergrbﬁnd. Each
~ of these inner ducts has a number of external
¥ longituqiﬁa1ly eXteﬁdiﬁgTriBS;_aﬁdfeach-inﬁer-duct ma?'
.cbhtﬁin a single fiber éptic cébie-oi a-piurality'bf.sﬁch
‘cables. |
15 = The method of installing the cables first requires
 ~the introduction. of thé?innef ducts ;hrough the outer
.duct b& ﬁulling the'inner ducts from a.spool located on
:fhe §urfa¢e;_From an undérgfound”work arga('a_grippgrfisw.
‘attached to one end ofméach inge;_duct, after ﬁhichithe
Tuzo;fihnef @ﬁcts.are drawn thréugh'ﬁhe buter duct until they
| .fééidé-completelynwithintfhe outer-ducﬁ; 0hcé tﬁé iﬁﬁér
ducts are in place, the fibéf'optic éablés are then drawn
through each pf-the.inner duc;s by a pull string blown
thfough each of thé inner ducts. The resulting assembly,
25 | therefore, cOm@rises a single fiber optic cable or a

plurality of fiber optic cables within each of several



disclosed in U S Pat. No. 5,027,864. That reference involves the use of a
hol | ow out er wib'@iie21dsypi cal |y constructed of pol yvinyl chl ori GeTHRIGP4SH
forty foot 5 |engths, which provides the first level of protection from
‘the el enent's underground. This outer duct agts as a conduit for the passage
of a nunber of smaller tubes, or "inner ducts" typically constructed of

pol yet hyl ene in continuously long run | engths, which provides the second 10

level of protectign fromdhe gLaTeAESiNALET @it beibacBustothded bynte
ducts has a nunber of external |ongitudinally extending ribs, and each

inner duct may oi@idtivesicugles hubel Dpeicilsdl elemiga pEuthei igner such
cables. 15 The nmethod of installing the cables first requires the
i ntroduction of gherd nnercdpuirpotriisotighfabil teate thectinsFapdpriay 2R i nner
ducts froma spool located on the surface. Froman underground work area, a .
gripper is attachefbtal afe cablest foxchaintenarer tandMePALFhi ch t he '
| 5 . While the above described method of installation and
'housing of fiber optic cables does provide a certain
level of convenienée for maintenance and construction
workers, as well as'prétection for the.cables themselves,
severa;_deficiencigs are apparent.
Fio_ '5-"Fi£st; therméterial'ﬁéed for fabfication:of the
outer dﬁcts,_i:e, Pvé, aoes npt‘qffdrd-the flexibility -
- . for use with spools'in lengths-greater then forty feet. ' . . -
'fThus, thé'iSSOt.éséts in éonnectiﬁgFSégméﬁfs"of oﬁtér T
‘duct évefy forty feet adds a tremendous cost element to
15.ithe overall project budget. Second, each outer duct
f_uconnectiqn si;e'adds.g_poipt of;strucpu;al weakness to
the sérieéléf.Sééménﬁs;_as well as a_sife of possible
i ;;_.3{-qonté@inqﬁt;;gfiltratién f#om under§fbund:séu;;eggl'
© 0 hurther, the insértion of the inmer ducts through ©
'fZQf Fhéngutg;'dugt.impbsésLaféubs;anfial ;ncrea§e,iﬁ |
e ._i,ﬁsﬁallat'i;-an" Costs, in terms of labor L |
| The other type of multiple channél duct'is disclosed
in U.Ss.Pat.No. 5,692,545.-Thét.refgrence involves a cable
duct for protecting communication cable comprising an

25 elongatéd body portion having a first end and a second

end, the body portion further including a longitudinal



20 'i nner-"ducts are drawn through the outer duct until they reside
conpletely wthin the outer duct. Once the inner ducts are in place, the
fiber optic ¥®I&21¥re then drawn through each of the inner Rﬁl@ﬂ"WS&,pul I
string bl own through-each of the inner ducts. The resulting assenbly, .25

t herefore, conprises a single fiber optic cagble or a plurality of fiber
optic cables within each of several 5 inner ducts, with the inner ducts
bei ng surrounded by the protective outer duct. The ribbed design of the
inner ducts is taxisIrgxdrsiing batiweenathet fibrshsend |and dhenF@cO8Fp #REA/ of

~cables for maintenance and repair. 5 Wil e the above .descri bed net hod
of installation amil atousiany dof PBEFAGRVAES cERFREd P IRtA}Yd&hZo ain -
| evel of conveni ence for mai ntenance and constructijon . -
the body portion and extending substantially pa;allel-;p
thellohgitudinél axis,-each.of the passageways having.a
5 cross sectional area sufficient to loosely contain at
least one communication cable; wherein said body pOrtidn
is-constructe& from a combination of materialé including
plastic and crumb rubber.
This type of multiple channel duct eliminates the
10 inner ducts altdgethei,:allpWing extrusion of a duct to
~much greater lengths, and insta;lat;on of such ducts from
" spools. Therefore ﬁhis type of dﬁét.ﬁlsb ﬁas'é&&apéages f.
in miniﬁizing'the number df ﬁonhections required between
isegments-of the dﬁcf and other protééﬁive attributes of-
15 the duct and increase the data transmission ihtegrity.of
: ;ﬂéﬁcabiéé.thémseIVes. ” |
'"However, thié fypé.of;dﬁct miéht_have defic}encigs
"” in#er§ﬁ£-iﬂ_;bnstrhtfion ffé@ a_combinﬁtiqn”of materials;;
' _inéluding §iastic aﬁd crumb-iubbér,=AsIdéscribéd in ?ﬁe |
.20 'speciﬁitatién of.said réfergnce,.if grééter figidity in
ﬁ ééid-duét_is requiféa,'aﬁéféé£ér éeréenfége-of ﬁlaétiﬁl.2
may be added. Conversely, if greater flexibility is
desired, a greater percentage;of crumb rubber would
.likely provide the necessary_fiexion.

25 ". Therefore, It is difficult to meet the strict needs

of strength and flexibility at the same time in this type



wor kers, as well as protection for the cables thensel ves, several

defi ci enci es Q grent. 10 First, the material useqm§
fabrication o e outer ducts, i.e. PVC, does not afford the eX| g‘ﬁlty
- for use with. spools in.lengths greater.than %orty feet. Thus, the |abor
costsin connecting segnents of outer duct every forty feet adds a

t remendous cost elenent to 15 "the overall prOJect budget. Second, each

outer duct connectop, 3itq 93 AePOMAL: Opediusl UnR! 1WCBKDPEF fdddlfen

series of segnent% 't € Of " possi contam nant

from under ground Sour 685 tgggggﬁs mﬁ'i'fl#i[‘éeéﬂarﬂieloﬁuklﬂewiﬁﬂegré’é'@éﬁ t hrough

-20  the-outer duclt 1nhposes. stant| Increase in i-nstallation costs, in

terns of |abor. }'%:%Aﬁ d Wie celmBUuk-hibipé £ wianngls %H%Eagéw@§(kbp§!€dlé§s

U. S Pat. No. 5,69 reference involves a cable duct for protecting
communi cation Cabsrﬁ‘o&tQ{HHsSSIdi‘Q iae zﬁsleéoslgﬁﬁaﬁtdaowepermwt heeing a first
end and a second

5 critlcal deficiencies in field of cable ducts, through

which fiber optic cables, electric wires or the likes are

inserted.
SUMMARY OF THE INVENTION
10

It is an object of this invention to provide an

[ L
SR

.- apparatus and a method of producing a multiple channel - -=7 - -
‘-duct assembly which enables quicker installation of fiber
::optic cables, electric wires or the likes thus reducing

15 1labor and material costs substantially over the prior'art.

- -uf‘.,u,.'ﬁ

It is another object of this 1nventlon to prov1de an

: apparatus and a method of produc1ng a multiple channel

o

‘{}duct assembly which. reduces the number of connectlons

SEowg

'requlred between the duct segments themselves and has'

'_?{'; :;?0 : greater strength as well as greater flex;blllty at the
It is st111 another object of thls 1nventlon to

.prdv1de an apparatus and a method cf producing a multiple
channel duct.assembly, which includés inner ducts with

25 sufficiently smooth inner surfaces.

These and other objects and advantages of the



end, the body portion further including a IongitUdinaI. © 6 axi s extending

betmeen the first end and the second end; and-at |east two passageways
formed conpl Y@PWAH ough the body portion and extending sub%‘t'réﬁﬂ °éﬂ°¥

parallel..to the |ongitudinal axis, each of the passageways having a 5.
cross secti-onal area sufficient to | oosely c®ntain at | east one

conmuni cati on cabl e; wherein said body portion is constructed froma
conbi nation of materials including plastic and crumb rubber. ThIS t ype of
mul tipl e channel phestentl iimveatdont wd 110 noj geabtdRacems ta@é’étrﬁ’é‘ ’}02%%
extrusion of a duct to nuch greater |engths, and  install n of eﬁfh ducts

from spool s. Thersidiled hig t fbe ATHUALERLO h@é’sm&dvﬁﬁ? ge ¢n 1R

t he nunmber of connections required be
description %f the emiwglments which are contained in and'

illustrated by the various drawing figures.
BRIEF DESCRIPTION OF.THE_DRAWINGS

FIG. 1 is a partially sectionel view of an apparatus
--accordlng to an- embodlment or the lnventlon, 1llustrat1ng
10 a method of produc1ng a multlple channel duct assembly in
. ,accordance with the present 1nvent10n..
FIG 2 1s a partlally sectlonal v1ew of another '
apparatus according to another embodiment of the
.invention, illustrating a method of producing a multiple
15 channel duct assembly. |
| | '_FIG. 3 1s a’ perspectlve enploded view of the inner
duCt-insert;on paSSage and the rake passage, lllustrating
”tne Steps;of'inserting and reking”ezbundle-of-inner ducts.
| FIG 4 is & cross sectlonal view of a bundle of pre--
f'th'd i Zpﬁtmolded inner ducts separately extruded. _ .
o FIG. 5 is a cross sectlonal view of a bundle of pre-:
- molded inner ducts connected by flexible connectlng webs.
FIG. 6 is a_sectioned view on a enlarged scale, on
the line A--A dn FIG. 1; illnstrating the step of
25 inserting a bundle of inner ducts. |

FIG. 7 is a sectioned view on a enlarged scale, on



segnents of the duct and other protective attributes of 15 the duct and

i ncrease. t he wiabmroZ1ssansni ssion integrity of the cabl es thenmpgivicReoobissever,
this type of duct might have deficiencies inherent in construction froma
conbi nati on of Taterials includi-ng plastic agd crunb rubber. As descri bed
in the 20 specification of said reference, if greater rigidity in said
duct- is required, a greater percentage of plastic nmay be added. Conversely,

if greater flexibihbtyins Hes red FIg.gleai Bluperaeiiqgmenistepunii rakbeg
woul d i kely provide the necessary flexion. 25 Therefore, It is

difficult to neetatbendle ict imemds dottstrength and flexibility at the same
time in this type 7 of multiple channel duct. Besides, It is easily
f or eseen FIGs. 8, 9 and 10 are cross sectional views of
| | various inner duct insertion passages having different
5 cross sectlonal shapes. '

FIG. 11 is a perspectlve ‘exploded view of a pair of
the mold blocks incorporated in an apparatus according to
an embodiment of the'invention.

lFIG..12 is a cross sectlonal v1ew of the mold w1th a

~'10"round sectlonal corrugated tunnel 1ncorporated in an
apparatus according to an embodiment of the 1nventlon;
':7_ FIGs._v13 +14- and 15 -are; cross sectlonal v1ews of
. holds w1th noh—round sectlonal corrugated tunnels.' o |
FIG. 16 is a cross sectlonal view of a multiple
15 channel duct assemhly manufactured by an apparatus and a
. . method of the inventiom.

& .u 7., BEST MODE FOR CARRYING OUT THE INVENTION |

20:hh, . An apparatus for producrng the multlple channel duct
::*assembly 1ncludes a cross-head dle 100 and a moldlng |
means 200 in common. As shown in FIG. 1, the apparatus
used for continuously producing the multiple channel.duct
‘assembly has a cross-head die 100_includinq an outer duct
25 resin passage 110'and a discharge port 120 capable of

extruding a melted mass for a outer duct of thermoplastic



that this type of multiple channel duct wth greater percentage of ‘crunb -
rubber will has passageways wi th | ess snoot hness on its inside surfaces.
These might b®CMVRIBtj cal deficiencies in fiel'd of cable dufCIEKRHMEGN
which fiber optic cables, electric wires or the likes are inserted. SUMVARY
OF THE INVENTION 10 It is an object of this Yhvention to provide an .~
apparatus and a nethod of producing a multiple channel duct assenbly which
enabl es quicker installation of fiber optic cables, electric wires or the

| i Kes thus reduci ngsi®. | abor and material costs substantially over the

prior-art. It is another object .of this i ' t i

f?ﬂd a 2Ethodfof_prod$me@ %£9ﬁﬁT§deegéﬁahﬁé?ggég?h%§%§%%¥9gﬁﬂ$ct&ggngggs'
e number of conpectiops requ Jhet POgTED :

has 20 greater sf‘PéﬁﬁFﬂméspﬁ?ﬁla{geeasﬁg)r \gggg}rﬁP Ieceagug%ﬁii tﬁtlt%‘{elf}lq'rﬁ%)\6qs and

Xi [y~ at
elongated inner ducts 10 that has separately been re-

5 molded of thermpplastic resin, centrally through the
‘outer duct resin passage. |
Aécording'to-a producing method of the present
invention, a bundle of elqngaté inner ducts 10 are
contiﬁuously.fed throuéh the inner duct inserting passage
.10 ?130, while the mélted mass of therﬁoplastic resin flowihg
from the~outer duct resin pa%sage 110 is being discharged'
';f:om thé discha:éé”port-120 tp extrude'the.outer'duCt”
around the bundle of inner ducts 10 as shown in fIG. 1.
It is preferablé the inner ducts 10 are assembled or
15 folded to form a tube bundle 1 in abutting contact with
' each other,lin paiallel, béfore'the-innqr ducts are fed :
through-the inner'duét_insertion passage 130. The tube
bundle.l may be formed by -assembling of-séﬁa;atel?
extruded inner dﬁcts é; shown FIG..4; or by folding of
_ _20 -iﬁﬁer'ducts éoﬁnéctediby flexibie webs;.as shown FIG. 5.
o It is preferable that the inner duct insertion
passage 130 has a cross seétional.Shapé of a bundle
outline, including a -plurality of ggide grooves 131 and
‘guide ridges 132 which afe contoured by a outline
25 connecting periphéries'of the inner duéts 10 in abutting

contact with each other, in parallel as shown FIG. 3.



same time. It is still another object of this invention to provfde an
appar at us andwe gigs8ed of producing a nultiple channel duct fé‘f/f(ﬂp Qi ch

i ncl udes inner ducts with 25 sufficiently snooth inner surfaces. These and
ot her objects and advantages of the .8 prgﬁfnt i nvention will no doubt
becone apparent to those skilled in the after - having read the

fol | ow ng description of the enbodlnents whi ch are contained in and

TN £ RS SR US98 e LESRELANEGIE,
an enbodi ment  of ééy%ég%ngb'QgrvéltHséﬁfﬁér¥br a plurality of elongated
inner ducts 10 to be lnserted through the inner duct
'insertion.passage 130 in parallel, contiguous relatlon
5 each other. The cross sectional shape of the inner duct
ihsertion passage 130 cah be designed variously according
to the bﬁndie outlines contoured by bundles of inner

ducts as shown FIG. 8—~10.,

It 1s preferable that a rake passage 140, whlch has
10 the ‘same cross sectlonal shape as the inner duct |

1nsert10n passage 130 except hav1ng a plurallty of rakes

e

-lf?142 protruded from thelr central portlons of the gulde
grooves 141 toward a central axis, is connected to the
:exit end of the inner duct insertion passage 130 as shown

15 in FIGs. 3 and 7.
'd%fﬁ;?if.'_ﬂsfh It .is also preferable that a heatlng means 143 for.
: | preheatlng the rake passage 1s 1nsta11ed on the outside |

'ib,:of the ‘rake. passage 140 as shown FIG -3, The rakes 142

and the heatlng means 143 serve to rake and preheat the
-~20" 'outer perlpheral surfaces of the 1nner ducts 10 passed
B ::-mfﬁthrough the inner. dhct 1nsertlon passage, thereby formlhg..
raked grooves 11 on the outer peripheral surfaces of the

inner ducts 10.

The raked grooves 11 make it easier for the melted

25 outer duct and the pre-molded inner ducts to be welded

together at the portions which the troughs of the outer



10 "a nmethod of producing a nmultiple channel duct assenbly in accordance
with the present invention. FIG 2 is a partially sectional view of another
appar at us acc®¥¥B1¥o anot her enbodi nent of*‘the invention, iHOTARIHM4SEg a
met-hod of producing a mul tiple.15 channel. duct assenbly. FIG 3 is a

per spective expl oged \igitql E{]‘Ee*:”gﬁ‘rfgé'éé bPSENd | DihdIaeRas and the 7ake
passage, |IIustra1th e Steps of 1 nserting and raking -a bundle of i'nner

ducts. FIG 4 1S GuflRI25¢6 b@ﬂ@l: ykeyhelm arbendie. of pre- 20 nol ded
i nner ducts separately extruded. FIG 5 is a cross sectional view of a

bundl e of pre- nol ded dyunemtewc HEcE0PESLA R0 bymidddathdly afitrectitngswebs.
FIG 6 is a sectioned view on a enlarged scale; .on the line A--Ain FIG 1,

illustrating the stefidda Zxrom mher tin.eghar@emdd:et of20 roferthiucrossFhead? is a
sectioned view on a enlarged scal e, on
5 die 100 is not in direct contact w1th the outer
peripheral wall of- the inner ducts 10 which emerges
centrally from the cross-head die 100 as shown in FIG. 1
and 2. |
Before the pre—molded inner ducts 10 and the melted
le,:outer duct 20 discharged from the cross-head die 100 are
fed to a molding means 200 as shown FIG. 1 and 2, the
outer peripheral surface of the outer duct 20 is cooled
by ambient cooling_air-trought-into contact,tberewith,_
.changing.tne outerlduot'éo from'the melted state to a
15 ' stabler softened state. The outer duct 20 is thus
prevented from being excessivél? deformed due to its
c flowablllty |
- As shown 1n FIG. 1 and 2, the pre—molded inner ducts
»n1o and the softened outer duct 20 are continuously fed
20 :together into a moldlng means 200 with a corrugated '
" “tunnel. In this moldlng means 200, the softened outer
”dfduct 20 is- configured, cooled and Solldlfled to have the.
corrugated tubular_section including a plurality of
~ contiguous ridges.Zl'and troughs 22 extending over the
25  entire length: The troughs 22 of the outer duct are

- configured to have contiguous relationship with the inner



9 the line B--Bin FIG 1, illustrating the step of raking a bundle of

i nner ducts. vwbeHens 9 and 10 are cross sectional views of p@mmusaner
duct insertion passages having different 5 cross sectional shapes.” FIG 11
I s a perspective exploded view of a pair of;4he nold bl ocks incorporated in
an apparatus according to an enbodi nent of % e invention. FIG 12 is a
cross sectional view of the nold with a 10 round sectional corrugated

tunnel .'i-ncorporaaggtg M AL ARRAAL ¥ cAcaer diagi s oA b TRAL Chet he
invention. FIGs 14 and 15 are cross sectional views of nolds with

non-round secti 0BatefOfucgatEhridinthel SnnEkGiudbs i 50 aamy eeddedctbgraheri ew
of a nmultiple 15 channel duct assenbly manufactured by an apparatus and a
at the contiguous portions where the inside surfaces of
the troughs 22 and the outer surfaces of the inner ducts
5 ' 10 are contacted as shown FIG. 16. The raked grooves 11
- make it.easier for the inner ducts.10'and the melted
outer duct 20 to be welded together at the portions which
the troughs 22 of the outer duct and the outer surfaces
of the_inner ducts 10 are contactedgtogether as shown F;G,H
10 16, o | ' .
The moldlng means 1200 for moldlng a corrugated outer
: qfduct may be’ of any constructlon in so far -as. its mold” 12207
has the corrugated tunnel and also can cool and solldlfy H
‘the outer duct 20 while molding the softened outer duct
15 to a corrugated tubular configuration. Aithough various
;types of moldlng means 200 have’ been dlsclosed for
_tproduclng various types of corrugated plastlc pipes, as a
- Téﬂ”;ﬂ ._i.matter of convenlence,_two types of’ moldlng means are';
o - described’ below. | | o . |
--Zdb;.;“' A type of moldlng means 200 for moldlng corrugated
' .h:outer duct 20, as shown in- FIG. 1,=comprlses a pair of -7'ai"'":
complementary mold assemblies 210 each of which has an
‘endless array of articulately interconnected mold blocks
1210; drive means 220 for driving the mold blocks 1210 of
25 each mold assembly 210 in synchronism with the mold

blocks 1210 of the other mold assembly 210 along a



met'hod of the invention. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON 20 An
apparatus for_produci ng the nultiple channel duct assenbly |

cr oss- head dl‘ﬁgﬂfﬁz 15%5nd a nol di ng nmeans 200 in conmon. hﬁ%&gﬁﬁﬁﬁ 1,
the apparatus used for continuously. producing the nultlple channel duct
assenbly has a cross-head die 100 includi ngtén outer duct 25 resin passage
110 and a di scharge port 120 capable of extrudi-ng a nelted mass for a out er
duct of thernoplastic 10 resin., The_ cross-he d di e 00 a so ha

i nner duct i nser fopvRERISHYye 1IBG’hé§|5‘al’5P€ BT"i‘f'1 8% 8

el ongated i nner ducts 10 that has se aratel been r d
ther nopl asti ¢ r e8F®, 1R FAIRETIF 4G Xgement Eb SQQJHHe‘Ei,%Qlally

extendlng corrugated tunnel, ‘and back along a return run;
a stationary suction chamber 230 wh1ch is connectable to
'5 _a suction source being positioned to communicate with
said corrugated' tunnel, during movement of the mold
blocks along the fornatc run; a stationety cooling
chamber 240 which is connectable to a source of cooling
fluid belng poSitioned'to communlcate with said mold
10 assemblies. | .. | |
| As shown in FIGS 11, each mold block 1210 1ncludes
f'en 1nner llner 211 whlch 1s of porous materlal to permlt
the passage of fluid such as air therethrough.
The inner face of the liner 211 is provided with
15 corrugations, and channels 212 are provided behind the
llner w1th these channels communlcatlng through passages:f'
213 w1th ports 214°in external faces of ‘the mold block
1210, _ | |
Thns; the pesseges 213; the:chennels 212, the pores
20 fln the llner 211 together constltute suction passages
ewhlch extend between the mold tunnel deflnlng "faces of
the mold block 1210 and the ports 214 in the appropriate
external feces of the block.
The other type of the molding means 200 for molding
25 a corrnéated outer duct 16, as shown in FIG. 2, comprises

a round tubular mold 210 which is rotatably supported by



outer duct resin passage. According to a producing nethod of the present

. i'nvention av&blﬂquzgsof el ongate inner ducts 10 are conti nuopgrgafosdedshr ough
the i-nner duct inserting passage 10 130, while the nelted nass of -

t hermopl astic resin flowing fromthe outer,duct resin passage 110-is being
di scharged from the di scharge port 120 to éxtrude the outer duct around the
bundl e of inner ducts 10 as shown in FIG 1. It is preferable the inner

ducts 10 are assefm{%}%y 02 r&@éﬁ@é’ré QPR ildede whtndae Helicabigting

contact with each in parall before the inner ducts are fed

through the i nnetq dufatieds eihinen @ﬂS;BﬁQelrﬂﬁQie e flacketbhonodylr itsmy be
formed by assenbling ‘of separately extruded inner ducts. as shown FILG 4, or
by folding of 2Qedtiar akiet;s deondagtmeany F26exidd eniehsg tke skRURAF G 5.
It is preferable that the inner duct insertion passage 130 has a cross
sectional shape ﬂmﬁdzulmbllel dnt ktheedirectinh mf xoflafianit§ SFaGLPRRTYr ooves

151 and 5 suction chamber 230 which is connectable to a suction
source being positioned to communicate with said
corrugated tunnel, durlng rotation of said mold; a
stationary cooling chamber 240 which is connectable to a

. source of cooling:fluid being'positloned to communicate

10 with said mold. . - o "

As shoWn'in-FIG."Z,.the round tubular mold 210
K flncludes an 1nner llner 211 whlch is provrded Wlth |
-:approprlate apertures to permlt the passage of fluld such
'-fas air therethrough. The ‘inrer face of the liner 211 is
15 provided with.corrugations, and channels 212 are provided
"ﬂjbehlnd the liner w1th these channels communlcatlng
:'through passages 213 w1th ports 214 in external faces of
,ﬁr;the mold 220. Thus; the passages 213, the channels 212,__”.'
the apertures in the llner 211 together constltute

- suctlon passages whlch extend between the corrugated

'¥:~E?tunnel deflnlng inner- faces of the mold and the ports 214 “
in the appropriate external faces of the mold.
In the molding means 200 of the above structures,
the softened outer duct 20 extruded from the cross-head
25 die 100.is fed into the corrugated tunnel in the mold 210

and forcibly configured to the corrugated tunnel in the



gui'de ridges 132 which are contoured by a outline 25 connecting
peripheries of the inner ducts 10 in abutting contact with each other, in
‘parall el as ¥mIWO2ESG 3. 11 This cross sectional shape SCT(KROV/OPASE
-duct insertion passage 130 serve to guide for-a plurality of. el ongated
inner ducts 10 to be inserted through the nener duct insertion passage 130.
in parallel, contiguous relation 5 each other. The cross sectional shape
of the inner duct insertion passage 130 can be designed variously accordi ng
to the bundl e owdiah@d0ocont oured by bundl es of inner ducts as shown FIG
8-10. It is preferable that a rake passage 140, which has 10

cross sectional shap61asethhe|Qhemn@h%tzlauRQQHngntB&s§8§E“i%6eéxE%$?gﬁaV|ng

a plurality of rakes
in the mold is evacuated, the outer duct 20 is attracted

under suctlon through the apertures agalnst the |
'5. corrugated tunnel whlle the outer duct is belng moved
therethrough. .

The corrugated-outer duct 20 is also cooled and
solidified by the coolant flowing around the corrugated
tunnel. S | . 1 t |

ilOI. ‘As a result,'in the multiple chahnel duct assembly
thus manufactured, the outer duct 20 is adjusted with
accuracy to the 1n51de conflguratlon of the corrugated s
tunnel, and_the-inner surfaces of the troughs 22 of the
outer duct 20 are directly contacted to or welded to the
15 outer peripheral surfaces of the inner ducts 10. The
coolent flowing arouud'the moldihg;die may be a‘coolihg
gas, coollng water, or the llke. |
o Although lt is preferable that the mold 210 has a
tcorrugated tunnel w1th a cross sectlon of a regular,
"__20“Jprec1se1y c1rcular configuratlon, 1t is p0551b1e that’ the'
- mold has a corrugated tunnel w1th a cross sectlon of
helical contiguration. It is also possible that the mold
assembly 210 has a corrugated tunnel With such-a cross

section as quadrangle with round corners, triangle with
25 - round coruers or ellipse as shown FIG. 13~15.

The present invention resides in that a plurality of



142 protruded fromtheir central portions of the guide grooves 141 toward a
. central axi s,wosieassected to the exit end of the inner ductpgVicKublondss
passage 130 as shown 15 in FIGs. 3 and 7. It is also-preferable that a
heating nmeans 143 for preheating the rake ggssage is installed on the.
outside of the rake passage 140 as shown FIG 3. The rakes 142 and the
heating nmeans 143 serve to rake and preheat the 20 outer peripheral

surfaces of the jnner,idiset Snk@rpasses 10ragitdhed anerodscheadsdis iton,
passage, thereby formng raked grooves 11 on the outer peripheral surfaces

of the inner ducisg %0 mefited akedrgdoovez0 lils nadtervidedeagoendf bhet imner| t ed
25 outer duct and the pre-nolded:inner ducts to be wel ded together at the
portions which thmnﬁg(mqﬂfram=thhecuoserhead die 100, and then the pre-
molded inner_ducts 10 and the melted outer duct 20 are
5 supplied into theicorrugated tunnel of a mold 210 in
_ which a melted.outer_duct 20 is molded to have
corrugations, thus producing a multiple'channel duct
-assembly Which includes a'plurality of elongated inner
ducts 10 and a corrugated outer ductizo_which encircles
.10 the'inner ducts 10 ouer their entire length to retaind
them. This method of continuously manufacturing a |
'lfi,gp@ﬁ;multlple channel duct assembly by u51ng an extruslon
. "moldlng machlne w1th a cross- head dle 100 and a moldlng
means 200 has not been known heretofore.
15 An example of a method of manufacturing a multiple
i fﬂ channel duct assembly 1n accordance w1th the present
hlnventlon w1ll be descrlbed below. | |
Flve pre—molded inner ducts 10 of polyethylene are
assembled to form a tube bundle—an abutt;ng contact w1th.;c-

'”j'éO; each other, 1n parallel, before the 1nner ducts 10 are'
;'fed through the inner duct 1nsertlon passage 130 of the
cross-head dle 100, as shown FIGs. 1~ 3 The pre-molded
inner ducts 100 are preheated and raked by the1r outer
peripheral surfaces durlng passage through the inner duct
25 insertion passage 130 in order to allow their outer

peripheral surfaces to be easily'welded to the troughs 22



12 duct and the outer surfaces of the inner ducts are contacted t oget her as

showmn FIG 1 ter duct resin 20 inmedi ately after
fromthe disc gtlag@z%grt 120 of the cross-head 5 die 100 |s nkﬁﬁ%ﬁ%&&
.contact with the outer peripheral wall of the inner ducts 10 which energes

centrally fromthe cross-head die 100 as shHdwn in FIG 1 and 2. Before the
pre-nol ded i nner ducts 10 and the nelted 10 outer duct 20 discharged from

o he out o - perd Bt aoérfﬁufrz%% CpERE Bure TR SRS o BD%ani ent
the moltod st at dvsild 1 CRbfRe’ dbBE Mierd TROAR JARAMREI 5" his
prevented from b@tlﬂ&&mﬁ%'ﬁﬁt& daLer PREefiEod Gpddsadd AW e tne
melted mass of polyethylene flowing fromithe outer duct
5 resin passage 110-is being discharged from the discharge

port 120_to.extrude”the outer duct 20 around the bundle
of inner ducts 10 as shown in FIGs. 1 —3.
'As shown FIG. 1~3, the pre-molded inrer ducts 10 and

‘the melted and softened outer duct 20 are continuously
10 fed together 1nto a vacuumrtype mold 210 with a

fcorrugated tunnel. In this mold 210, the softened outer

'duct 20 is configured, cooled and Solldlfled to have the

corrugated tubular section including-a plurality of

contiguous ridges 21 and troughs 22 extending over the
15 entire length. _

' As shown FIGS. 16;Ha nultiple'channel dict aSSembly;'
which is manufactured by an apparatus and a method in
accordance w1th the present 1nvention, comprises ‘a .

;'plurality'of inner -ducts 10 which_are in abutting contact
20-.with,each-qther;'and'alcorrugated_outer duCt_éohwhichf :_
encircles the inner.ductsdover their'entire length to :
‘retain them in its contiguous relationship.
The multiple.channel dudt'assembly manufactured by
the method and apparatus in accordance with the present

25 1nvention is also distinguished from prior arts, being



As shown in FIG 1 and 2, the pre-nol ded i nner ducts 10 and the softened -
outer duct 2 ntinuously fed 20 together into a nol di : 200
with a corrug%l(?l;el((’:m s(l%nnel. In this nolding neans 200, the so?&gﬁ@&@fﬁér

- duct 20.is configured, cooled and.soliidified to have the corrugated tubul ar

sectionincluding a plurality of contiguoud®ridges 21 and troughs 22 =~
extending over the 25 entire length. The troughs 22 of the outer duct are

configured to have_contiguous, rel ationship.w the.Ln . ‘ducts 10 as
shown FIG 16. PPPldefy Egﬁrﬁf)_?‘feneii tﬁﬁpaﬁ?&e@m gr&gﬁlugﬁlﬁoﬂg‘%ecf‘ﬁ%%éi nner ducts
10 are wel ded togeth at .the ¢ [ [ : | nsi de surfaces
of the troughs 22 ang'["FﬁsfSE?ér&g%r%%g’?#d:eﬁgg?ﬁﬁggﬁgﬂ%{%‘% 10 are

contact ed‘aS' Sh%%fﬁ'g%:a%?on@f 02K e IHiPAE Shhhnel duct assembly
R manufactured by the present invention is.omitted at'this
5 specification and drawings.

Although the present invention has been'deséribed in
ferms of specifid-eﬁbodiméﬁfs, it ié énficipated that
alterations and modifications thereof will_nb doubt
bedome'appéfent togthpse_skillgd in the art. It is

io ltherefore*iﬁtended thaf'ﬁﬂé'féiloﬁing cléiﬁéMSé o
interpréﬁedigs covetinéléll su¢h.altefations and |
L7 modifications th.ch £all withih the ,_‘.j;-rué_;___'spi_ri_; -and scope

.of the invention.

Ty



make it easier for the inner ducts 10 and the nelted outer duct 20 to be
wel ded together at the portions which the troughs 22 of the outer duct and
the outer suW@@WE1Sf the inner ducts 10 are contact edt oget RETKBOUGESH, .
FIG- 10 16. The nolding reans 200 for..nol ding a corrugated outer duct may
be of any construction in so far as its noR@ 210 has the corrugated-tunnel

and al so can cool and solidify the outer duct 20 WmIHmm t ened
outer duct 15 to a corrugated tubular configuration mn ,n ﬁﬂﬁ
types of nol di ngLaeMas 200 have been di sclosed for producing vdri eus=types
of corrugated plastic pipes, as a matter of convenience, tw types of .

mol di'ng means are descri bed bel ow. 20 A type of'nDIding means 200 for’
mol di ng corrugated outer duct . 2 in Fl

conpl enent ary -ndl.d A8s 3PRBF AEUS g@ras z ?ﬁlﬁﬁu§ﬂ$ tlp%ﬁcgggﬁgégsg??gslgfof
articul ately |ntercgggecggglggld bl ocks
assembly
5 (a) a cross—head die having an outer duct resin
passage’ and a dlscharge port capable of extrudlng a
melted mass for a outer duct of hermoplastic resin, said
. cross—head die also having'an inner duct insertion
:. passage capable of feeding a plurallty of pre-molded
10 '1nner ducts,'centrally ‘through said outer duct resin
passage; and _ _ |
;1(b) a moldlng means for moldlng corrugated outer
duct, which comprlses a mold w1th corrugated tunnel,.
drive means for driving sald mold, a stationary suction
15 chamber which is connectable to a suction source being
'“positioued'to coumunicate with said'corrugated tunnel,
‘and a statlonary coollng chamber Whlch is connectable to
C e ;_. L. ca source of coollng fluld belng pos1t10ned to communlcate
_ - with said mold assemblles,' . | |
. tﬂ' iw"zq_t"" _(c) whereln sald inner duct insertion’ passage has a
| '- cross sectlonal shape of a bundle outllne,'lncludlng a
plurality of guide grooves and a plurality of guide
ridges which are contoured by a outllne connectlng the
outer perlpheral surfaces of said inner ducts inserted in

25 abuttlng_contact w1th each other, in parallel.



1210; drive means 220 for driving H uw H umilo of 25 each nold
assenbly 210 g ofi6d1r ONi sm Wi th t 0 of th ﬁq'dm
assenbly 210 along a 14 forward run, in which the mold bﬁnﬂﬁgﬁo 3
-assenblies are in cooperative inter-engagegent to provide an axially
ext endi ng corrugated tunnel, and back alongga return run; a stationary

suction chanber 230 which is connectable to 5 a suction source being

posi ti oned to cqmmygi.cabe il sald EAFuaaEd hitBeh1e dikidiite ItesRNt of

t he nol d bl ocks along a stationary cool 1 ng chanber 240

whi ch .i s connect t £S f rd shREN t HEEhlgd
59 BrSEYAER Pf RAAHLII ddmpird sBRENE PARE U 0
conmuni cat e vmtt#%?éa? go é ?0 assenblles As shown-?n FIGS. ‘11, each nold
bl ock 1210 incl yd8sh is connected to the exit end of said inner duct
insertion passage and has the'same cross sectional shape’
S as said inner duct insertion passage except having a

plurality of rakes protruded'from their central portions

of said guide grooves toward a central axis.

- 3. Tha'apparatus for'producing a_multiple channel duct
10 assembly of claim 2, further compriaihg-a'heatihg.méans.
for_preheating_the rake paséage which is installed on the

.4 The apparatus for producin§ a multiple channel duct

15 asseﬁbly of claim 1, wherein said mold is a pair of
sﬁcpmplamgntary mold'aSSemblias,Withfa corrugated tupne;
.éach'of which has_au andieaa array of articulately

-A:;}}fwgingércounegted_moid:blopksg

"'5 The apparatus for produc1ng a multlple channel duct

“*assembly of claim 1, whereln sald mold is a round tubular-
mold which is rotatably supported by a plurality of
retainers and provided with an helically corrugated

tunnel on its inside surface through its central axis.

25

6. The apparatus for producing a multiple channel duct



an inner liner 211 which is of porous material to permt the passage of
fluid such as air. therethrough f the liner 211 is provided
with 15 cor rM8aINAFS,  and chanumﬂlmnmmmﬁl ded behi nd PEEKRPMMSE).t h
these channel s communicating thrdugh passagés 213 with ports 214 in
external faces of the nold bl ock-1210. Thug2 the passages 213, the channels
212, the pores 20 in the liner 211 together constitute suction passages

whi ch extend between the nold tunnel defining faces of the nold bIock 1210
and the ports 2hésknbliieofipplabmi bi ehonediaaitacesrygatad BIRR%: B3R 3t her
type of the nolding neans 200 for nolding 25, a corrugated outer duct 10,

as shown in FIGsuzstéaﬁpﬁl%Esr%u$@nﬁﬁpﬁﬁnﬁﬂ9%ﬂOﬁﬁﬂds?f €which is rotatably
suppor t ed by

7. The apparatus for producing'a multiple channel duct
5 assembly of claim 1, wherein said corrugated tunnel has a

_substantially ellipsoid cross.sectienal shape.

8. The appératus for producing a multiple channel duct
assembly_of claim 1, wherein said corrugated tunnel has a
10 substantially triangular cross sectional shape with round

corners. -

9. The apparatus for producing a multiple channel duct
assembly of claim'l, wherein said has corrugated tunnel a
15 substantially quadrangular cross sectional shape with

" round corners.

"7 10. A method of producing a muitiiple channel duct .
| assembly lncludes the steps of: |
TZQ_’_- _'(a) assembllng a plurallty of pre-molded inner ducts
' to form a tube bundle in abuttlng contact w1th each other,
in parallel, |
(b) continuously-feeding said bundle of elongate
inner ducts through a inﬁer duct insertipn paesage, while
25 melted mass of polyetﬁylene flowing from a outer duct

resin passage is being discharged from a discharge port



.15 a plurality of retainer th an helically corrugated

tunnel on itwodabe Surf4mmﬁ“mlllmmum ntral axis; drlvpmmsezo
for driving the round tubulsar cmoltd *n £he* direction of rotation; a-
stationary 5 suction chanber 230 which i onnectable to a suction sour.ce
bei ng positioned to comunicate with said ‘Corrugated tunnel, during

rotation of said nold; a stationary cooling chanber 240 mhlch IS

connectable to g letf]f\%é)ftr&‘)%tgg Bhutdabsig fo5d heRe bE cameni cate 10
with said nold. %\s own in FIG 2, the round tubular nold 210 incl udes an

inner |iner 21l,mpich is provided with. appropriate apertures to permt
the passage of f|UId such as air therethrough. The inner face of the liner
211 is 15 provided yt fbmﬂnmaﬁsllgnfeedmdgchammlse -ad dede ipne¥ dugtBehi nd

the liner with these channel s communi cating through passages 213 with ports
214 in EXterna|aﬁ60381®fmelted outer duct together into a vacuum-type
5 mold wrth a corrugeted tunhel.
(d) configuring,_cooling and so;idifing said melted
outer duct to have a corrugated'tubuler section"including
a. plurality of contiguous ridges and troughs extending
.over the entire lenoth in said mold with a corrugated

10 | tunnel.

L#£[.3’i :fll The method of produc1ng ‘a- multlple channel duct
o assembly of clalm 10 further 1nc1udes the step of
preheating sald pre-molded inner ducts by therr
15 peripheral outer surfaces during passage of said inner

: zﬁ o “duct insertion passage.

'12 The method of producxng a multlple channel duct
.assembly of c1a1m 11 further 1ncludes the step of raklng
.20 f.sald pre—molded 1nner ducts by thelr perlpheral outer
”hdfsurfaces durlng passage of sald 1nner duct 1nsert1nq

‘passage.



the nold '220. Thus, the passages 213, the channels 212, the apertures in
the 'l'iner Zléﬁaﬁﬁﬁﬁgfr constitute 20 suction passages which extend between
t he corrugat ¥ defining inner faces of the nold and tPfel/EBMVW4SEI 4 | n
the appropriate-external faces of the nold. In the nolding neans 200 of the
above structures, the softened outer duct 201?M14uded fromthe cross-head
25 die 100 is fed into the corrugated tunnelfin the nold 210 and forcibly

configured to the corrugated tunnel in the 16 nold 210. Since the

channel s 212 around the gorrugated tungel in the nold is evacuated, the

outer duct ‘20 is attract®d under sucti gy throg t hefapgr t ur es agai ns ﬁhe
ilng npved

'5- corrugated tunnelﬁmhill t he outer duft i&

100
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t her et hrough. The corrugated outer duct 20 is al so cool ed and solidified by
.the cool ant {]owa.around the.corrugat ed tunnel. 10 PETAROGBIEE . 1N
the nul tipl e channel duct assenbly thus manufactured, the outer duct 20 is
adjusted with accuracy to the inside configuration of the corrugated . .
tunnel, and the inner surfaces of the 'troughQ?Zlaf the outer duct 20 are
directly contacted to or welded to the 15 - outer peripheral surfaces of the
i nner ducts 10. The coolent flowi ng around the nolding die nay be a cooling
gas, cooling water,. or the like. Although it is preferable that the nold
210 has a corrugated tunnel wth a cross section of a regular, 20

precisely circular configuration, it is possible that the-nold has a _
corrugated tunnel with a cross section of helical.configuration. It is also
possi bl e that the nold assenbly 210 has a corrugafed tunnel with such a.
Cross : ' _ '
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section as quadrangle with round corners, triangle with 25 round corners
or ellipse as showmn FIG 13~15. The present invention resides in that a
plurality of woertg1ssr e- nol ded inner ducts 10 are fed to a crRSFERIONYSS o

- 100;" and a nelted outer duct 20 is extruded around the inner ducts 10 from
the cross-head die 100, and then the pre- nol ded inner ducts 10 and t he

mel ted outer duct 20 are 5 supplied into tF d/dl@fsrugated'tunnel of a nold
210 in which-a nelted outer duct 20 is nolded to have corrugations, thus
producing a nmultiple channel duct assenbly which includes a plurality of

el ongated inner ducts 10 and a corruoated outer duct 20 which encircles 10
the inner ducts 10 over their et ength to retain them ThIS met hod of
'contlnuously.nanufacturlng 3 '

FIG. 3



mul ti pl e channel duct assenbly by using an extrusion nolding machine with a
cross-head diwgobdpha$d a nol di ng means 200 has not been kno%@a%re.
15 An exanpl e of a method of manufacturing a multiplech ct
assenbly in accordance with the present inventjon will be described bel ow
Five pre-nolded inner ducts 10 of polyethyl ghg{dye assenbled to forma tube
bundl e in abutting contact with 20 each other!, in parallel, before the
inner ducts 10 are fed through the inner dLF;thnsqq_ti on passage 130 of the
. cross-head die 100, as shown FIGs. 1~3. The pre-nol'ded inner ducts 100 are
preheated and raked by their outer peripheral surfaces during passage

t hrough the inner duct 25 insertion passage 130 in order to allow their
outer peripheral surfaces to be easily-wel -:r"‘e\ t roughs 22

© 10
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10




18 ‘'of thé corrugated outer duct 20 as shown FIG 7. The bundl e of elongate

i nner ducts 10 are continuously fed through the. inner duct insertion
passage 130, Wiea2185he nel t ed nass of pol yet hyl ene fl owing fRGHAKRMOOESS er
duct 5 resin passage 110 is being-discharged fromthe dirscharge port 120 to
"extrude. the outer duct. 20 around the bundlsdpf i nner ducts 10 as shown in
FIG. 1 -3. As shown FIG 1-3, the pre-nold ﬂﬁner ducts 10 and the nelted
and softened outer duct 20 are continuously 10 fed together into a
vacuumtype nold 210 with a corrugated tung'e J n6 hiss nmold 210, the

sof tened outer duct 20 is configured, cooled and solidified to have the
corrugat ed tubul ar section including a plurality of contiguous ridges 21
and troughs 22 extending over the 15 entire length. As shown FIGS. 16, a
mul tiple channel duct assenbly, which is manufactured by an apparatus and a
met hod in ' . B r | -




accordance wth the present invention, conprises a plurality of inner ducts
10 which are&kp]ﬁﬁ kting contact.20  wth each other; and a peqyimid

outer duct 2 m% encircles the inner ducts over their entire length to
~retain themin its contiguous relati.onship. The nultiple channel duct.
assenbly manufactured by the nethod and appﬁr flés in accordance with the
present 25 invention is also distingyished fromprior arts, being 19
applied for patent separately fromt hﬁéf&‘u_\/eﬁi on. Therefore, the detailed

description on the configuration of the nultiple channel duct assenbly
manuf actured by the present invention is omtted at this 5 specification
and draw ngs.. Al though the present.invention has -been described in

1




terms of ‘specific enbodinents, it is anticipated that alterations and

‘nodi fications thereof will no doubt -becone apparent .to those skilled in the.

art. It is lewoélwatssf ore i ntended that the foll owi ng cl ai ns BSE/KROAMAE6et ed
as covering all such alterations and nodifications which fall within the
true spirit and scope of the invention. 2? 114Am_apparatus’for pr oduci ng
a multiple channel duct assenbly includes: 5 / ; (a) a cross-head die
" having an outer duct resin passage and a 3?5 G?rg port capabl e of
extruding a nelted mass for a outer duct ﬁ poDastic resin, said
cross-head die also having an inner. duct insertion passage capable of
feeding a plurality of pre-nol ded B o '

13
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10 inner ducts, centrally through said outer duct resin passage; and (b) a
mol di ng meang;{ Ar..iR! di ng corrugat ed-outer duct, which conpg d
with corruga?ggﬁﬁﬁgﬁel, drive neans for driving said nold, §b§§§$@%§§#y_
suction 15 chanber which i's connectable to a suction source being )
positioned to conmunicate with said corrugagsp %unner, and a stationary
cool i ng chanber which is connectable to a s 'rl of cooling fluid being
positioned to conmunicate with said nold agﬁt(iliqu 0 (c) wherein
said inner duct insertion passage has a crbs @écti‘ofal shape of a bundle
outline, including-a plurality of guide grooves and a plurality of guide"
ri dges which are. contoured by a outline connecting the outer peripheral
surfaces of said inner ducts inserted in 25 abutting contact with each
other, in parallel. : : : .




~..central axis. 3. The apparatus for produci

21. 2. The apparatus for producing a nultiple channel duct assenbly of claim
1, further conprising a rake passage, which is connected t ' nd: of.
" said inner OW@PIM2Mertion passage and has the sane cross sg%‘%?gﬁg?ﬁés‘ﬁ:pe 5
as said inner duct insertion passage except having a plurality of rakes::
protruded fromtheir central portions of s '(}.ggi de grooves toward a

ral% a multiple channel duct 10-
assenbly of claim2, further conprising fgﬁl ng-’nﬁans for preheating the
rake passage which is installed on the odtdider of ¥sti d rake passage. 4. The
-apparatus for produci-ng a nultiple channel duct 15 assenbly of claim1,
‘wherein'said nold is a pair of conplenentary nold assenblies with a
corrugat ed tunnel each of which has an endless array of articulately
-~ interconnected nold bl ocks. : .
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20 5. The apparatus for pfoducing a nﬂlfiple channel
claiml1l, wherein said.nold is a round tubul ar.

ol d which is PAI¥6
supported. byvﬁ’%ﬂﬁFﬁllty of retainers and prOV|ded with an ﬁbﬁ%égp y

~corrugated tunnel on its inside surface through.its central axis.

duct assenbly of

apparatus for producing a multiple channelgﬂzuié.'r 22 assenbly of claima1,
l'y

wherei n said corrugated tunnel

7. The apparatus for producing a ﬁg&élm
claim1l1, wherein said corrugated tunne

shape.

sectional shape.

assenbl y of cla|n11 wherei n said corrugated tunne
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8. The apparatus for producing a nmultiple channel duct
has a
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10 - substantially triangular cross sectional shape with round corners. 9.
The apparatus for producing a multiple channel duct assenbly of claim1,
wher ei n sai dwmen2tssr ugat ed tunnel” a 15 substantial |y quadreciykReoro0essoss
sectional shape with round corners. 10. A nethod of producing a multiple
channel duct assenbly includes the steps of; 2 (a) assenbling a
plurality of pre-nolded inner ducts to forn‘]&/t)%e bundl e in abutting
contact with each other, in parallel, (b) continuously- feeding said bundle
of elongate inner ducts - through a inner dyet 'Qse1|3 on passage, while 25
mel ted mass of polyethylene flowng froma outer duct resin passage is

bei ng" di scharged from a di scharge- port - _ C
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23 to extrude the outer duct around said bundle of inner ducts (c)
.continuously feeding said pre-nolded i nner ducts and sai.d nelted outer duct
t oget her int WO umtype 5 nold with a corrugated t unnePCTKR00/00456
configuring, cooling and solidifing said nelted outer duct to have a
corrugat ed tubul ar. section including a pl urfgi{#of conti guous ridges and
troughs extendi ng over the entire length in id¥nold wwth a corrugated 10
tunnel. 11. The met hod of producing a mJFt!gte lgnnel duct assenbly of .
~claim 10 further includes the step of prehedting said pre-nol ded inner
ducts by their 15 peripheral outer surfaces during passage of said inner
duct insertion passage. 12. The mnethod of producing a nmultiple, channel
duct assenbly of claim1l further .includes gfie stHp of rali ng
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20" said pre-nolded inner ducts by their peripheral outer surfaces during
.passage of said inner duct inserting passage. :

WO 01/02158 PCT 1KRQOI00456
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