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AFPARATUS FOR PRODUCING MULTIPLE CHANNEL DUCT ASSEMBLY

AND METHOD THEREOF
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
containing long runs,of-optical fibers, electric wires Or"
10 the iikés disposed in undergronnd networks;.More ”
_particularly, the invention relates to an apparatus for

ﬁproduclng a multlple channel duct assembly and a method

LT '\h [

'thereof which 1ncludes a plurallty of contlguous ducts
adapted for the containment of lengthy runs of for

15 optical fibers, electric wires or the likes.

II. Description of the Prior Art

In the ground network 1ndustry, the proper de51gn |

u120‘§_and 1nstallatlon of flber opt1c cables or electrlc w1res

_1s'cr1t1cal to malntalnlng the 1ntegr1ty of 1nformat1on h

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
25 electric wires from external sources of stress, such as

temperature, pressure and contact with contaminating
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substances. As a result, most of the innovation in this
industry'has been directed to devising certain
combinations of ccverings to surround‘the optical fibers
or electriclwires. Therefore,:a brief discussicn of a
method of installing fiber optic cable follows.

A multiple channel duct disclosed in U.S. Pat. No.

4,741,593, comprises. a pluraiity of corrugated inner
- ducts contiguous, co~directionally extending,

-substantially paral;el, in. abutting contact with each

other, each of said inner duct having a series of

enc1rc11ng contlguous convolutlons extendlng over the

*length, belng made up -of contlguous ridges and troughs,;-

and a flex1b;e, synthetic resin overwrap sheath

ccnsisting of a sheath of rigid polyvinylchloride having

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

" of rigid’po1yvinylchlcride“encircling_and'jaCKeting'the

w20

25

_corrugated inner ducts over their entirellength tp'retain'

© them in" their contigucus relationship. .

The above mentloned reference says that this type of

multlple channel duct is flexxble and can be c01led

: around relatlvely large reels A great ‘length of sald

multiple channel duct be c01led on the reel for lay out

into an underground communications pipe, or can be reeled
into a trench for direct burial. This type of multiple
channel duct allows an overall reduction in fiber optic

cable installation costs, and the manifolding aspect of
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the system maintains high structural integrity over the

entire length of the conduit sections, and affords

enhanced moisture protection to the entire system by

reason of the overwran employed. These'advantages are the

- most desirable_attributes in the cable duct for optical

fibers, electric wires or the likes.
However, I have not found this type of multiple

channel duct is sold in real cable duct market until now.

 The reason,'l believe, ie_why this type of multiple

.channel'duct has critical deficlencles iﬁ Strength'or

_flex1b111ty 1n reallty, whlch have not been found by the
73l1nventor 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 -

" coiled around transportable reels, the non-corrugated

'*';outer duct of plastlc w1th relatlvely large dlameter is -7

. 20.

25

not- so flexlble that 1t can ‘not be coiled around

__transportable reels....l

The above—mentloned multlple channel duct 1nclude a

_ plurality of corrugated inner ducts of plastlc and a non-_f..

'corrugated outer duct of plastlc. Therefore, 1t is ea511y;_:-:
'understood that the above mentioned multiple channel duct

- is not so flexible that it can not be coiled around

transportable reels. I believe that this deficiency is
one of the reasons why this type of multiple channel duct

can not be founded in real czble market.
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A current method of installing fiber optic cables is
disclosed in U.S. Pat. No. 5,027,864. That reference
involves the use of a hollow outer duct, typically
constructed of polyvinchhloride.(Pvcy in fortf foot
lengths, which provides the first level of protection
from the elements underground. This outer duct acts as a

conduit for the passage of a number of smaller tubes, or

"inner ducts" typically constructed of polyethylene in

.contlnuously long run lengths, whlch prov1des the second

level of protectlon from the elements underground Each

 of these inner ducts has a number of external
ﬁllongltudlnally extendlng rlbs, and each 1nner duct may
contain a single fiber optic cable or a- plurallty of such

‘cables.

The method of installing the cables first requires

l\the introduCtion of thé”inner ducts through the“outer
.duct by pulllng the 1nner ducts from a spool located on
;the surface. From an underground work area,'a grlpperlls .
fattached-to one end of each 1nner duct, after whlch the

Llnner ducts are drawn through the outer duct untll they

.re51de completely w1th1n ‘the outer duct Once the inner

ducts are in place, the fiber optic cables are then drawn
through each of-the.inner ducts by a pull string blown
through each of the inner ducts. The resulting assembly,
therefore, comprises a single fiber opt1c cable or a

plurality of fiber opt1c cables within each of several
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ijnner ducts, with the inner ducts being surrounded by the
protective outer duct. The ribbed design of the inner |
ducts is to purports to facilitate“the_installation and.
removal of cables for maintenance and repair.

While the above described method of installation and

'housing of fiber optic cables does provide a certain

level of convenience for maintenance and construction

workers, as well as protection for the cables themselves,

several deflciencies are apparent.

Flrst, the mater1a1 used for fabrlcatlon of the

outer ducts, 1 .e. PVC, does not afford the flexibility

i-ﬁq_for use w1th spools in lengths greater than forty feet..

15

'rThus, the labor costs in connectlng segments of outer
‘duct every forty feet adds a tremendous cost element to

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

f_uconnectlon 51te adds a. point of structural weakness to

'the series of segments,_as well as a 51te of p0551ble

o contamlnant 1nflltrat10n from underground sources. '

25

- \

: Further, the 1nsertlon of the 1nner ducts through

the outer duct 1mposes a substantlal 1ncrease in

Lﬁp;nstallat¥on QQSts, ‘in terms of 1abor.-~ﬁﬂ'ﬁ

The other type of multiple channel duct is disclosed

in U.S.Pat.No. 5,692,545. 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
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axis.extending between the first end and the second end;
and at least two passageways formed:completely-through
the body portion and extending snbstantlally parallel-tc
thellongitudinal axis,-each.of the passageways having.a
cross sectional area sufficient to loosely contain at
least one communication cable; wherein said body pOrticn
is-constructec from a combination of materials including
plastic and crumb rubber.

This type of multiple channel duct eliminates the

inner ducts altogether,“aIIOWing extrusion of'a duct to

much greater lengths, and 1nstallatlon of such ducts from

“?fspools. Therefore thls type of duct also has: advantages .

15

in minimizing the number of connectlons required between

segments-of the duct and other protectlve attributes of-
the duct and increase the data transmission integrity of

the cables themselves.

' However, thls type of - duct mlght have def1c1enc1es

"”-1nherent 1n constructlon from a comblnatlon ‘of materlals

25

_ ' _1nc1ud1ng plastic and crumb rubber. As descrlbed in the
20

speciflcatlon of sa1d reference,ilf greater rlgldlty in
said duct is requlred, a greater percentage of plastlc |

may be added. Conversely, if greater flexibility is

desired, a greater percentage-of crumb rubber would

likely provide the necessary flexion. _
Therefore, It is difficult to meet the strict needs

of strength and flexibility at the same time in this type
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of multiple channel duct. Besides, It is easily foreseen

that this type of multiple channel duct with greater

percentage of crumb rubber will has passageways with less

smoothness on its inside surfaces. These might be

criticai deficiencies in field of cable ducts,

through

which fiber optic cables, electric wires or the likes are

inserted.

SUMMARY OF THE INVENTION

It is an object of this invention to provide an

labor and material costs substantially over the prior'art.

It is another object of this 1nventlon to prov1de an

“’fEﬁﬁapparatus:and'aimethodfef.prodncing_a multiple ‘channel: -
..duct assembly which enables quicker installation of fiber

::optic cables, electric wires or the likes thus reducing

: apparatus and a method of produc1ng a mult ple channel

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

.20

25

'requlred between the duct segments themselves and has'

greater strength as well as greater flex;blllty at the

'same tlme. . =

It is st111 another object of thls 1nventlon to

.prdv1de an apparatus and a method cf producing a multiple

channel duct assembly, which includes inner ducts with

-sufficientlylsmooth inner surfaces..

These

and other

objects

and

advantages

of the
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ZQ}Lmolded inner ducts separately extruded.

25

present invention will no doubt become apparent to those
skilled 1n the .art after hav1ng read . the .following
descriptlon of the embodiments which are contained in and

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

FIG. 1 is a partially sectional view of an apparatus

--accordlng to an embodiment or the invention, 1llustrat1ng

a method of produc1ng a multiple channel duct assembly in

. ,accordance with the present invention..

FIG 2 1s a partially sectional v1ew of another '

apparatus according to another embodiment of the

invention, illustrating a method of producing a multiple
channel duct assembly. |
| FIG. 3 is a'perspective exploded”view of the inner

duct insertlon passage and the rake passage, illustrating

_the steps of 1nsert1ng and raking’ a bundle of inner ducts.

FIG 4 is a cross sectional view of a bundle of pre--

FIG. 5 is a cross sectional 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 in FIG. 1, illustrating the step of
inserting a bundle of inner ducts. |

FIG. 7 is a sectioned view on a enlarged scale, on
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the line B--B in FIG. 1, illustrating the step of raking
a bundle of inner ducts. -

FIGs. 8, Qteuddlo.are cross sectional views of
various inner duct insertion passagee having different
cross sectlonal shapes. '

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

FIG. 12 is a cross sectional view of the mold with a

round sectional corrugated tunnel incorpOrated'in an .

' apparatus according to an embodiment of the 1nventlon.

':7_ FIGs._v13 -14- and 15 -are; cross sectlonal v1ews;fof;

. molds w1th non—round sectlonal corrugated tunnels.' N

FIG. 16 is a cross sectlonal view of a multiple

channel duct essembly manufactured by an apparatus and a

.. . method of the invention. _

_ BEST MODE FOR CARRYING OUT THE INVENTION

. An apparatus for produc1ng 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 including an outer duct

resin passage 110 and a discharge port 120 capable of

extruding a melted mass for a outer duct of thermoplastic
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resin.

The cross-head d1e 100 also have an inner duct
insertion passage 130 capable of feedlng a plurallty of
elongated inner ducts 10 that has separately been re-

molded of thermoplastic resin, centrally through the

‘outer duct resin passage.

Accordlng to a producing method of the present
invention, a bundle of elcngate inner ducts 10 are

continuously. fed throuéh the inner duct inserting passage

130, while the melted mass of thermoplastic resin flowing

from the -outer duct resin passage 110 is being discharged'

'“fromhthe discharge°port-120 tp extrude'the.outer'duCt”

around the bundle of inner ducts 10 as shown in FIG. 1.
It is preferable the inner ducts 10 are assembled or

folded to form a tube bundle 1 in abutting contact with

' each other, in parallel, before the inner ducts are fed -

- 20

25

through the 1nner duct 1nsert10n passage 130 The tube
bundle 1 may be formed by assembllng of separately

extruded inner ducts as shown FIG. 4, or by foldlng of

-inner ducts connected by flex1ble webs, as shown FI1G. 5.

It is preferable that the 1nner duct 1nsertlon
passage 130 has a cross sectional shape of a bundle

outline, including a -plurality of guide grooves 131 and

‘guide ridges 132 which are contoured by a outline

connecting peripheries of the inner ducts 10 in abutting

contact with each other, in parallel as shown FIG. 3.
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This cross Sectional shape of the inner duct insertion
passage 130 serve to gulde for a plurality of elongated

inner ducts 10 to be lnserted through the inner duct

'insertion.passage 130 in parallel, contiguous relation

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.

_Iﬁfis:preferable thatha rake passage 140,_which has
the'sahe cross sectional'shape as the inner duct | N

1nsert10n passage 130 except hav1ng a plurallty of rakes

-lf?142 protruded from thelr central portlons of the gulde

15

20

25

grooves 141 toward a central axis, is connected to the

exit end of the inner duct insertion passage 130 as shown

in FIGs. 3 and 7.

”h It .is also preferable that a heatlng means 143 for

prehearlng the rake passage 15 1nsta11ed on the outside

:of the rake passage 140 as shown FIG 3 The rakes 142

and the heatlng means 143 serve to rake and preheat the

'outer perlpheral surfaces of the 1nner ducts 10 passed

"-through the inner. duct 1nsertlon passage, thereby formlng;?dx'"'

raked grooves 11 on the outer peripheral surfaces of the
inner ducts 10.

The raked grooves 11 make it easier for the melted
outer duct and the pre-molded inner ducts to be welded

together at the portions which the troughs of the outer
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' duct and the outer surfaces of the inner ducts are

" contacted together as shown FlG. 1l6.

The outer duct resin_ZQ immediately after it is
extruded from the discharée’uort 120 of the cross-head
die 100 is not in direct contact with 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
outer duct 20 dlscharged from the cross-head die 100 are
fed to a moldlng means 200 as shown FIG. 1 and 2, the
outer peripheral surface'of the outer duct 20 is cooled

by amblent coollng a1r brought 1nto contact therew1th,

-changing the outer duct 20 from the melted state to a

" stabler softened state. The outer duct 20 is thus

prevented from being excessivel? deformed due to its

c flowablllty

20

- As shown 1n FIG. 1 and 2, the pre—molded inner ducts

»o1o and the softened outer duct 20 are continuously fed
'together into a moldlng means 200 with a corrugated '

- tunnel. In this moldlng means 200, the softened outer

”hfduct 20 is- conflgured, cooled and solld1f1ed to have the.

25

corrugated tubular sectlon lncludlng a plurality of

' contiguous ridges_Zl and troughs 22 extending over the

entire length. The troughs 22 of the outer duct are

configured to have contiguous relationship with the inner
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. duct ‘may be’of any construction in sorfar-as its mold 2107 . i
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ducts 10 as shown FIG. 16. It is preferable that the
outer duct 20 and the inner ducts 10 are welded together
at the contiguous portionstwhere'the inside surfaces of

the troughs 22 and the outer surfaces of the inner ducts

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 portiomns which
the troughs 22 of the outer duct and the outer surfaces

of the inner ducts 10 are contacted together as shown FIG.

16.

The molding means 200 for molding a corrugated outer

has the corrugated tunnel and also cau cool aﬁd-solidify |

‘the outer duct 20 while molding the softened outer duct

to a corrugated tubular configuration. Although wvarious

;types of moldlng means 200 have’ been dlsclosed for
_lproduc1ng various types of corrugated plastlc pipes, as a

g.matter of. convenlence,_two types of moldlng means are"

descrlbed below.

A type of moldlng means 200 for moldlng corrugated

e

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
each mold assembly 210 in synchronism with the mold

blocks 1210 of the other mold assembly 210 along a
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forward run, in which the mold blocks of mold assemblies
are in cooperative 1nter—engagement to provide an ax1ally

extending corrugated tunnel, ‘and back along a return run;

a stationary suction chamber 230 which'is connectable to

.a suction source being positioned to communicate with

said corrugated' tunnel, during movement of the mold
blocks along the forward rusiy a stationary cooling
chamber 240 which is connectable to a source of cooling
fluid belng poSitioned'to communlcate with said mold
assemblies. | “ |

As shown in FIGS 11, each mold block 1210 1ncludes

f'an 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

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.

Thus, the passages 213, the channels 212, the pores

fln the llner 211 together constltute suction passages

" which extend between the mold tunnel deflnlng "faces of

the mold block 1210 and the ports 214 in the appropriate
external faces of the block.

The other type of the molding means 200 for molding
a corrugated outer duct 16, as shown in FIG. 2, comprises

a round tubular mold 210 which is rotatably supported by
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a plurality of retainers and provided with an helically
corrugated tunnel on its inside surface through its

central axis; driving means 220 for driving the round

tubular mold in the direction of rotation; a stationary

suction chamber 230 which is connectable to a suction
source being positioned to communicate with said
corrugated tunnel, during rotation of said mold; a

stationary cooling chamber 240 which is connectable to a

. source of cooling:fluid being positioned to communicate

'with.said'mold. T -

As shoWn'in-FIG."Z, the round tubular mold 210

K flncludes an 1nner llner 211 whlch is prov;ded Wlth

15

.?approprlate apertures to permlt the passage of fluld SUCh'Q.~.;h

' as air therethrough. The ‘inrer face of the liner 211 is

provided with corrugations, and channels 212 are provided

"ﬂjbehlnd the liner w1th these channels communlcatlng

-l'through passages 213 w1th ports 214 in external faces of

,ﬁ,ithe mold 220 Thus,|the passages 213, the channels 212,__”.'

25

the apertures in the llner 211 together constltute

- suctlon passages whlch extend between the corrugated

-f?tunnel deflnlng irner: faces of the mold and the ports 214;h~

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

die 100 is fed into the corrugated tunnel in the mold 210

and forcibly configured to the corrugated tunnel in the
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mold 210.

Since the channels 212 around the corrugated tunnel
in the mold is evacuated, the outer duct 20 is attracted
under suctlon through the apertures agalnst the
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 | |

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
outer peripheral surfaces of the inner ducts 10. The
coolent flowihg arouud'the moldihg;die may be a‘coolihg
gas, coollng water, or the llke. |

Although lt is preferable that the mold 210 has a

'corrugated tunnel w1th a cross sectlon of a regular,

prec1se1y c1rcular configuratlon, 1t is p0551b1e that the'
mold has a corrugated tunnel w1th a cross sectlon of
helical conriguration. 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

. round corners or ellipse as shown FIG. 13~1S5.

The present invention resides in that a plurality of
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pre—molded inner ducts 10 are fed to a cross-head die 100,
and a melted outer duct 20 is extruded_around the inner
ducts 10lfrom thepcross—head'die'loo, and.then the pre-
molded inner_ducts 10 and the melted outer duct 20 are

supplied into the corrugated 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 duct 20 which encircles

the inner ducts 10 over their entire length to retain

them. This method of continuously manufacturing a

--g*;multlple channel duct assembly by u51ng an extru51on

15

25

"moldlng machlne w1th a cross- head dle 100 and a moldlng

means 200 has not been known heretofore.

An example of a method of manufacturing a multiple

‘?ﬁchannel duct assembly 1n accordance w1th the present

_1nventlon w1ll be descrlbed below.

Flve pre—molded inner ducts 10 of polyethylene are

assembled to form a tube bundle in abutt;ng contact w1th |

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
insertion passage 130 in order to allow their outer

peripheral surfaces to be easily'welded to the troughs 22
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of the corrugated outer duct 20 as shown FIG. 7. The
pundle of elongate inner ducts 10 are continuously fed

through the inner duct insertion passage 130, while the

melted mass of polyethylene flowing from the outer duct

resin passage 110 is beinq 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 contlnuously

fed together 1nto a vacuumrtype mold 210 with a

fcorrugated tunnel. In this mold 210, the softened outer

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

corrugated tubular section including-a plurality of
contiguous ridges 21 and troughs 22 extending over the
entire length. _

As shown FIGS. 16;Ha nultiple'channel dict aSSembly;'
whlch is manufactured by an apparatus and a method in

accordance w1th the present 1nventlon, comprlses ‘a .

;'plurality'of lnner~ducts 10 which_are in abutting contact

_ with,eaoh-other;'and'a]corrudated outer duCt_ZO'whichf .

encircles the inner ducts over their'entire length to

‘retain them in its contiguous relationship.

The multiple channel duct'aSSembly manufactured by

the method and apparatus in accordance with the present

1nvent10n is also distinguished from prior arts, being
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applled.for patent separately from this invention...

Therefore, the detalled descrlptlon on the
configuration of the mu1t1ple_channel,duct assembly
manufactured by the-present invention is.omitted at this
specification and drawings.

Although the present 1nvent10n has been descrlbed in
terms of spec1f1c embodlments, it is ant1c1pated that
alterations and modifications thereof will no doubt
become apparent to those skllled in the art. IL is
therefore 1ntended that the follow1ng clalms be

1nterpreted as coverlng all such alteratlons and

‘:t'modlflcatlons whlch fall w1th1n the true splrlt and scopej'

.of the invention.
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CLAIMS

1. An apparatus for producing a multiple channel_duct
assembly includes:

{(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

'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

chamber which is connectable to a suction source being

'“positioﬁed'to communicate with said'corrugated tunnel,
‘and a statlonary coollng chamber Whlch is connectable to

T.a source of coollng fluld belng pos1tloned to communlcate

with said mold assemblles,'

_(c) whereln sald inner duct 1nsertion passage has a

. cross sectlonal shape of a bundle outllne, including 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

abuttlng_contact w1th each other, in parallel.
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2. The apparatus for producing a multiple channel duct
assembly of claim 1, further comprising a rake passage,

which is connected to the.éxit end of said inner duct

insertion passage and has the'same cross sectional shape’

10

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. Thg'apparatus for'producing a;multiple channel duct

‘assembly of claim 2, further comprising a heating. means

for_preheating_the rake paséage which is installed on the

15

25

f;ingérgohnegted_moid:blopks;

. .4, The apparatus for producing a multiple channel duct

assembly of claim 1, wherein said mold is a pair of

. complementary mold'éSSemblies,Withfa corrugated tunnel

“each of which has an endless array of articulately

5. The apparatus for producing a multiple channel duct

faggéﬁbi§'°f'clgim‘i;ﬁwﬁéréiﬁ:séid mold is é;rbﬁﬁaftubuiér-

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.

6. The apparatus for producing a multiple channel duct

1
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assembly of claim 1, wherein said corrugated tunnel has a

substantially-round cross sectional shape.

7. The apparatus for producing'a multiple channel duct

assembly of claim 1, wherein said corrugated tunnel has a

_substantially ellipsoid cross.sectiqnal shape.

8. The appératus for producing a multiple channel duct

assembly_of claim 1, wherein said corrugated tunnel has a

substantially triangular cross sectional shape with round

corners. -

9. The apparatus for producing a multiple channel duct

assémbly of claim'l, wherein said has corrugated tunnel a

substantially quadrangular cross sectional shape with

round corners.

' '10. A method of producing a multiple channel duct .

20

25

assembly lncludes the steps of:

(a) assembllng a plurallty of pre-molded 1nner ductsf

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 paésage, while
meltéd'maés of polyetﬁylene flowing from a outer duct

resin passage is being discharged from a discharge port
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: ;12 The method of producxng a multlple channel duct

20
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te extrude the outer duct around said bundle of_inuer
ducts
| (c) continuously feeding said pre-molded inner ducts
and said melted outer duct together'into a vacuum-type
mold with a eqrrugeted tunnel.

(d) configuring,_cqoling and solidifing said melted
outer duct to have a ebrrugated'tuhuler section"including

a plurality of contiguous ridges and troughs extending

over the entire length in said mold with a corrugated

tunnel.

fll The method of produc1ng ‘a” multlple channel duct

assembly of clalm 10 further 1nc1udes the step of
preheating Sald pre-molded inner ducts by their

peripheral outer surfaces during passage of said inner

“duct insertion passage.

assembly of c1a1m 11 further 1ncludes the step of raklng

-;sald pre—molded 1nner ducts by thelr perlpheral outer

'"rsurfaces durlng passage of sald 1nner duct 1nsert1nq

‘passage.



