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The present invention relates to a manufacturing process of a multipolar cable comprising at least one pair of cores, each core
comprising at least one conductive element and at least one layer of electrical insulation In a position which Is radially external to
his process comprises the steps of: a) assembling said at least one pair of cores so as to
form an assembled element having a plurality of interstitial zones between said cores, and b) depositing by co-extrusion an
expandable polymeric material in a position which Is radially external to said cores so as to fill said interstitial zone and to form a
filling layer of substantially zone and to form a filing layer of substantially circular transverse cross section, and at least one
containment layer of polymeric, and at least one containment layer of polymeric material in a position radially external to said filling
layer. The present invention also relates to a multipolar cable obtained from said process.

sald at least one conductive element.
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(§7) Abstract: The present invention relates to a manufacturing
process of a multipolar cable comprising at least one pair of cores,
each core comprising at least one conductive element and at least
one layer of electrical insulation in a position which is radially
external to said at least one conductive element. This process
comprises the steps of: a) assembling said at least one pair of cores
so as to form an assembled element having a plurality of interstitial
zones between said cores, and b) depositing by co-extrusion an
expandable polymeric material in a position which is radially
external to said cores so as to fill said interstitial zone and to form
a filling layer of substantially zone and to form a filling layer of
substantially circular transverse cross section, and at least one
containment layer of polymeric, and at least one containment layer
of polymeric material in a position radially external to said filling
layer. The present invention also relates to a multipolar cable
obtained from said process.
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“PROCESS FOR THE PRODUCTION OF A MULTIPOLAR CABLE, AND
MULTIPOLAR CABLE PRODUCED THEREFROM’

The present invention relates to a process for the

production of a multipolar cable, in particular a

[}

multipolar cable for the transport or distribution of

low or medium voltage electrical power.

Furthermore, the present 1invention relates to a

multipolar cable, 1in particular a multipolar cable for

the transport or distribution of low or medium voltage

electrical power.

In the present description the term “low voltage” means

a voltage below approximately 1 kV, the term “medium

voltage” means a voltage between approximately 1 kV and

approximately 30 kV, and the term “high voltage” means

a voltage 1n excess of approximately 30 kV.

In the present description and in the <c¢laims which

F

follow the term “core” of the cable means a semi-finite

structure comprising a conductive element and at least

one layer of electrical insulation placed in a position

which is radially external  to said conductive element.

More particularly, when considering a cable for the

transport or distribution of medium/high voltage

electrical power, said “Ycore” also comprises an
internal semiconductive covering located in a position

which 1s radially e'xternal to the conductive element,

an external semilconductive covering located 1in a

position which 1s radially external to the layer of

electrical insulation and a metal screen 1n a position

which 1S radially external to said external

semiconductive covering.
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Furthermore, for the purposes of the present

description and the claims which follow, the term

“multipolar cable” means a cable provided with at least

a palr of “cores” as defined above. In greater detall,

1f the multipolar cable has a number of cores equal to:

two said cable is technically defined by using the term

“bipolar cable”, and 1if the cores number three said

cable 1s known as a “tripolar cable”, and so on.

The aforesaid cores, in a number which 1s predetermined

according to the desired multipolar cable, once

obtained are 7Jjolined together to form a so-called

“assembled element”.

In the present description and in the <c¢laims which

follow the term Yassembled element” of a multipolar

cable means a composite structure formed from the cores

possessed by that cable. Preferably such a composite

structure 1is obtained by helicoidally winding said

cores together according to a predetermiﬁed pitch.

—

As a result of its nature, 1in that it- is obtained by

winding at least one pair of cores together, said

assembled element has a plurality of interstitial zones

which are defined by the spaces comprised between the

cores. In other words, the winding of said cores gives

rise to a plurality of wvoids, i.e. the 1interstitial

zones, which, in a transverse cross section along the

- a

longitudinal length of the assembled element, define an

external perimetral profile of the latter of non-

circular type.

=

Therefore, in order to allow the correct application of

the successive layers possessed by the multipolar

cable, in a position which is radially external to said

assembled element, the production process for a
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multipolar cable comprises the step of filling said
interstitial zones so as to confer to the assembled

element a regular transverse cross section, preferably

of the circular type.

'Said interstitial =zones, which are also known with the

77

term “star areas”, are generally filled with a filler

iy

of the conventional type, for example a polymeric

material applied by extrusion.

Once said filling step has been completed and the semi-

finished multipolar cable obtained so far 1s given a

transverse cross section of the circular type, said

cable is finished off with the application of at 1least

a further layer, the nature of which, as well as the

1

number of layers which can be used, depend on the type

of multipolar cable to be obtained.

For example, 1in accordance with a construction scheme

of the conventional type performed by using techniques

known in the art, in a radial position external to the

aforesaid semi-finished cable obtained so far, 1t 1is

possible to apply, in succession, a metal reinforcement

Jre—

(for example in the form of metal tapes or  wires,

generally made of steel, or in the form of a metal

sheath, generally made of lead or aluminium) and an

external polymeric sheath. In some cases the

application of the metal reinforcement 1s preceded by

the application of an inner polymeric sheath sultable

to provide the assembled element with a mechanical

protection from the metal reinforcement.

F

In accordance with a further form of embodiment,

described in patent application WO 98/52197 in the name

of the Applicant, a layer of expanded polymeric

P

—

material of a suitable thickness can be applied 1n a
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position which 1is radially external to the aforesaid

semi-finished cable obtained so far, said layer of

expanded polymeric material being capable of conferring

upon the aforesaid <cable a high resistance to

accidental -impacts ‘which might be' suffered by |the

latter during the steps of cable trahsport or laying.

In fact, said impacts can cause considerable damage to

the cable structure (for example deformation of the
insulating layer, detachment of the cable layers)
determining, for example, changes 1in the electrical

gradient of the insulating layer with a consequent

reduction in its insulating capacity.

Furthermore, generally an external polymeric sheath

suitable to confer to the cable a greater mechanical

protection from the external environment 1s applied,

according to known techniques, in a position which 1s

radially external to said layer of expanded polymeric

material.

Moreover, document WO 98/52197 Cited above provides for

the possibility of filling the aforesaid interstitial

zones with an expanded polymeric material, similar to

that which 1s used for a layer resistant to accidental

impacts as illustrated above, instead of a conventional

ciller.

g

In fact, according to the Applicant, said embodiment

presents some 1lmportant advantages.

First of all, the use of an expanded polymeric material

makes 1t possible to obtain a cable which 1s lighter

than a similar cable whose i1nterstitial zones are

filled with a conventional filler.
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Said aspect 1s very much more than negligible in that

the possibility of providing for a cable which 1is

lighter than a conventional one 1s reflected in greater
ease of transport, and consequently 1n  reduced
transport .costs; -as:well as 1in easler handling:.of .the
cable during the laying step. In this respect it is
worthwhile emphasising that the less the overall weight

o pare

of the cable to be installed. (for example directly in a

trench excavated 1nto the ground or in a Dburied

piping), the less will be the pulling force which 1is

necessary to be applied to the cable in order to

install 1t. Therefore,  this 'meaﬁs both : lower

installation costs and greater simplicity of the

installation operations.

A second advantage 1s provided by the fact that the use

of an expanded polymeric material 1n a radially

_

internal position in the structure of the multipolar

cable, i1i.e. in the aforesaid interstitial zones of the

g—

assembled element, as well as in a portion of the cable

which 1s <closer to 1ts external surface, helps to

confer to the cable itself a greater mechanical

protection, 1.e. a greater mechanical resistance to

accidental impacts as defined above.

gl—
—

A further advantage lies 1in the fact that the use of an

expanded polymeric material to replace a conventional

filler helps to increase the flexibility of the cable,

a fact which, once again, reflects in improved handling

of the cable, with advantageous repercussions, as
already mentioned, particularly  durilng its
installation.

F

However, the Applicant is of the opinion that applying

an expandable polymeric material to the interstitial
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zones of the assembled element possessed by a

multipolar cable is a complex operation which requires

-

special care. In fact, an incorrect application of said

material 1nside of the interstitial =zones of the

5 assembled

element will result in (the% occurrence -of

unacceptabie structural i1rregularities of the cable.

More particularly, the Applicant has found that the

application of an expandable polymeric material and its

expansion on a surface having an external perimetral

10 profile of the non-circular type causes an dirregular

expansion of said material, and this tends -to expand

more 1n some zones than in others.

In other words, the polymeric material tends to expand

more where there is more space available to do so.

15 For example, in the case a tripolar cable 1is

considered, the assembled element, formed by the

helicoidal winding of three separate cores, has three

e
p—

interstitial ZONES having Cross sections of a

substantially triangular shape, the base of each

20 triangle being directed towards the extrados of the

assembled element while the remaining two sides of said

triangle are defined by the external profile of two

adjacent cores of the cable. In this configuration, the

polymeric material, which 1s designed to fill the
25 1interstitial zones and which is applied by extrusion in
a position radially external to the assembled element,

g

expands more 1in the portion of the interstitial zone

F

which 1is closest: to the base of the abovementioned

triangle since 1in corrispondence with said base the

30 polymeric material has the most space available to

expand.
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Non-uniform expansion of the polymeric material within

each interstitial zone, i.e. at the extrados of the

assembled element, confers to the semi-finished cable

obtained hitherto, that is the assembled element plus

the filler 1in the «interstitial . zones, 'a . transverse

pr—

cross section of 1irregular type, 1n that 1t has a

plurality of protuberances, which 1n some cases are

_

even very pronounced, where expansion of the polymeric

material has been greatest.

the tripolar <cable

i}

For example, in the case o:

mentioned above, the .transverse cross section of the

semi—-finished cable obtained so far has an external

perimetral profile which 1s substantially trilobate,

o

the greater curvature of each lobe being located in

correspondence of the triangle base defined above.

The occurrence of such a phenomenon 1s particularly

g
——

undesirable as 1t brings about a plurality o:

|

disadvantages.

e

First of aall, obtaining an assembled element which has

an external perimetral profile of the non-circular type

in a transverse cross section means that the layers:

which are subsequently applied 1n a position radially

external to said assembled element, regardless of the

—

nature of the multipolar cable to be produced, whether

of the conventional type or as described in the

abovementioned patent application WO 98/52197, will

follow said non-circular external perimetral profile

g

and thus result 1in the production of a finished <cable

having an irregular transverse cross section.

This result, apart from being unacceptable for the

p——

market from the purely aesthetic poilnt of view, gives

rise to a plurqglity of problems of a practical nature
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both during cable installation and storage. In the

latter case many problems (larger dimensions, 1less

g

loading capacity, i1nstability of the turns wound on a

spool) which might arise during a conventional

operation of: winding a..cable of: non=-circular. cross

section can for example be envisaged.

A further disadvantage lies 1in the fact that a non-

homogeneous distribution of the interstitial zones of

the expanded polymeric material gives 1rise to the

pr—
B

formation of ZONnes which contain a greater

concentration of material than other less well-endowed!:

zones. Therefore, this means that said zones which are

less well-endowed on the one hand show less mechanical

resistance to impacts than the zones containing more

material, and that, having a lesser thickness, they may

be subjected to possible tearing during the extrusion

step (more specifically at the exit from the extruder

dies), said aspect causing the underlying assembled

element to be exposed and consequently the formation of

a non-circular transverse cross section of the cable

obtalined so far.

The _,Applicant has also found that, on the basis of the

teaching provided by document WO 98/52197 mentioned

above, whenever it 1s desired to proceed, with the same

extrusion of expandable polymeric material, either to

iy

the filling the i1interstitial zones of the assembled

element or the production of a layer resistant to

said

boff

accidental impacts, a non-uniform expansion O:

material is obtained which :inevi”cably causes the

formation of a multipolar cable having a transverse

cross section with an 1i1rregular external perimetral

profile.
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The Applicant has therefore perceived the need to

control the expansion of the polymeric material during

the extrusion step of the latter within the

interstitial zones of the assembled element of a

multipolar cable so -that  said assembled element, .and

consequently the finished multipolar cable containing

it, can have 1in trasverse cross section an external

perimetral profile of the regular type, as far as

possible of circular conformation.

The Applicant has found that it i1is possible to achieve

P

an optimum control of the expansion of the. polymeric:

material designed to fill the interstitial zones in the

assembled element of a multipolar cable by depositing

salid filler made of expandable polymeric material by

-~

co-extrusion with a containment layer of polymeric'

material.

In particular, the Applicant has found that said

containment layer has to be co—-extruded 1n a position

radially external to the filling layer in order to

achieve a uniform distribution of the expandable

polymeric material within said interstitial zones

avoliding a greater expansion: in some zones rather than

in others.

The present 1invention 1s advantageously applicable not

only to electrical cables for the transport or

=

distribution of power, but also to cables of the mixed

power/telecommunications type which include an optical

F
—

fibre core. In this. sense, therefore, in the rest of

the present description and in the claims which follow

the term “conductive element” means a conductor of the

metal type or of the mixed electrical/optical type.
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Thus in a first aspect the present invention relates to
a manufacturing process of a multipolar cable
comprising at least one pair of cores, each core

comprising at least one conductive element and at least

one .layer of electrical -insulation. in a position which

1s radially external to said at least one conductive

element, said process comprising the steps of:

a) assembling said at least one pair of cores so as to

form an assembled element provided with a plurality of

—

interstitial zones between said cores, and

b) depositing by co-extrusion:

e an expandable polymeric material in a position

radially external to said cores so as to fill said

interstitial zones and to form a filling layer of

substantially c¢ircular transverse cross section,

and

e at least one containment layer of polymeric

material in a position radially external to said

filling layer.

In its second aspect the present invention relates to a

F

multipolar cable comprising at least one pair of cores,

each core comprising at least one conductive element

and at least one layer of electrical insulation in a

position radially external to said at 1least one

conductive element, said cores being wound together so

as to form an assembled elemernit provided with a

plurality of interstitial zones between said cores,

sald interstitial zones being filled with an expanded

polymeric . material to .form a filling layer, said

expanded polymeric material Dbeing co-extruded with at
least one containment layer of polymeric material

located in a position radially external to said filling

laver.
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The description below relates to the appended drawings
which are provided for solely explanatory purposes and
without any restrictive intent, in which:

-t
ad

- Figure 1 1s a view in right cross section of a

particular embodiment of..a tripolar lelectrical.cable

for the transport or distribution of low voltage
power according to the invention, and
— Figure 2 1is a view in longitudinal cross section

pr—

of a detail of the extrusion equipment of the cable

shown in Figure 1.

By the term “expanded polymeric material” in the

r—

following of the present description and in the claims

which follow 1s meant a polymeric material having a

F

predetermined percentage of Y“Yfree” space within the

material, that i1s a space which is not occupied by the

polymeric material, but by gas or air.

In general, this percentage of free space in an

expanded polymer 1s expressed by the so-called

“expansion degree” (G), defined as follows:
G = (dg/de — 1) x 100

where dy 1ndicates the density of the unexpanded polymer
and d. represents the measured apparent density of the

expanded polymer.

In accordance with the present invention the expanded

polymeric material can be selected from the group

comprising: polyolefins, copolymers of different
olefins, unsaturated olefin/ester copolymers,
polyesters, polycarbonates, polysulphones, phenolic
resins, ureic resins, and mixtures thereof. Examples of

gty

preferred polymers are: polyethylene (PE), especially

L]

low density polyethylene (LDPE), medium density FP;
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(MDPE), high density PE (HDPE) and linear low density

PE (LLDPE); polypropylene (PP) ; ethylene-propylene
elastomer copolymers (EPR) or ethylene-propylene-diene

terpolymers (EPDM) ; natural rubber; butyl rubber;

ethylene/vinyl  .ester: . copolymers, for example
ethylene/vinyl acetate (EVA) ; ethylene/acrylate

copolymers, in particular ethylene/methyl acrylate

(EMA), ethylene/ethyl acrylate (EEA), ethylene/butyl

acrylate (EBA) ; ethylene/a-olefin thermoplastic
copolymers; polystyrene; acrylonitrile-butadiene-
styrene resins (ABS); halogenated polymers, in

particular 'jpolyvinylz chloride (PVC) ; polyurethane

(PUR) ; polyamides; aromatic  polyesters, such as
polyethylene terephthalate (PET) or polybutylene
terephthalate (PBT); and copolymers or mechanical

mixtures thereof.

Preferably the polymeric material 1is a polyolefin

polymer or  copolymer based on ethylene and/or

propylene, and in particular 1s selected from:

(a) ethylene copolymers having an ethylenically

unsaturated ester, for example vinyl acetate or butyl
acetate, in which the quantity of unsaturated ester is

generally comprised between 5% and 80% by weight,

preferably between 10% and 50% by weight;

i

(b) elastomer copolymers of ethylene with at least one

C3-Ci2 o—~o0lefin, and optionally a diene, preferably

ethylene-propylene copolymers (EPR) or ethylene-

propylene-diene copolymers (EPDM) having preferably the

following composition: 35%-90% as  moles of ethylene,

—

10%-65% as moles of oa-olefin, 0%-10% as moles of diene

(for example 1,4-hexadiene or 5-ethyledene-2-

norbornene) ;
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(c) ethylene copolymers with at least one (C4-Ci2 o-

olefin, preferably l-hexene, 1l-octene and the 1like, and

optionally a diene, said copolymers generally having a

density between 0.86 g/cm’® and 0.90 g/cm® and the

5 following composition: 75%-97% :as! moles, K /of ethylene,

P

3%~25% as moles of a-olefin, 0%-5% as moles of a diene;

P

(d) polypropylene modified with ethylene/C3-C;; a-olefin

copolymers, where the ratio by weight  between

polypropylene and the ethylene/C;-Ci; a-olefin copolymer

10 is comprised between 90/10 and 30/70, ©preferably
between 50/50 and 30/70.

For example, class (a) includes the commercial products

Elvax® (Du Pont), Levapren® (Bayer), Lotryl® (Elf-

Atochem), «class (b) 1ncludes the products Dutral®

15 (Enichem) or Nordel® (Dow-Du Pont), and class (C)

includes the products Engage® (Dow-Du Pont) or Exact®

(Exxon), while polypropylene modified with ethylene/a-

olefin copolymers can be found on the market under the

trade names Moplen® or Hifax® (Montell) or Fina-Pro®
20 (Fina), and the like.

In class (d); |[thermoplastic elastomers comprising a

. e

continuous matrix of a thermoplastic polymer, for

example polypropylene, and small particles (generally

i

having a diameter of the order of 1-10 pm) of a

25 vwvulcanised elastomeric polymer, for example cross-

linked EPR or EPDM dispersed in the thermoplastic

matrix are especilally preferred. The elastomeric

polymer can be incorporated in the thermoplastic

matrix, in the unvulcanized state and then dynamically

P

30 cross-linked during the process by the addition of a

cross—linking agent.

1)

sultable quantity O

Alternatively, the elastomeric polymer may be
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vulcanised separately and then dispersed in the
thermoplastic matrix in the form of small particles.
Thermoplastic elastomers of this type are described,

for example, 1n documents US-4,104,210 or EP-324,430.

Among the polymeric materials a polypropylene having
high mechanical strength in the molten state (high melt

strength polypropylene), as described for example in

patent US-4,916,198, which is commercially available

under the trade mark Profax® (Montell S.p.A.) 1is

especially preferred. This document illustrates a

F
—

production process of said polypropylene by a step o

irradiating a linear polypropylene with high energy

o g
e,

ficient length of time to

1onising radiation for a su:

—

bring about the formation of a significant quantity of

long branches 1n the chain, after which step there 1is

also provided a suitable treatment of the irradiated

material to deactivate the free radicals present in the

irradiated material.

Even more preferably, among the polymeric materials a

polymeric composition comprising the aforesaid

polypropylene with a high 1level of branching, in a
quantity generally comprised between 30% and 70% by

weight, in a mixture with a thermoplastic elastomer of
the type belonging to class (d) mentionedabove, in a

quantity generally comprised between 30% and 70% by

welght, said percentages being expressed with respect

to the total weight of the polymeric composition, is

especially favoured.

An electrical cable 10 for the transport of low voitage
power according to the present invention 1s i1llustrated

in right cross section in Figure 1.
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Said cable 10 1s of the tripolar type and comprises

three conductive elements 1, each covered with a layer

b |

2 acting as an electrical 1nsulator. As mentlioned

above, said semi-finished structure 1s referred to by

the term core.

Said i1nsulating layer 2 can be a cross-linked or non-

cross—-linked polymeric composition, wilith electrical

insulating properties known 1in the art, for example

selected from: polyolefins (homopolymers or copolymers

B

of different olefins), olefin/ethylenically unsaturated

ester copolymers, polyesters, polyethers,

polyether/polyester copolymers and mixtures thereof.

—d

=]

), 1n

Examples of said polymers are: polyethylene (P

particular linear low density PE (LLDPE); polypropylene

L.l.

(PP) ; thermoplastic propylene/ethylene copolymers;

ethylene-propylene rubbers (EPR) or ethylene-propylene-

diene rubbers (EPDM); natural rubbers; butyl rubbers;

ethylene/vinyl acetate copolymers (EVA) ;
ethylene/methyl acrylate copolymers (EMA) ;
ethylene/ethyl acrylate copolymers (EERA) ;

ethylene/butyl acrylate copolymers (EBA); ethylene/o-

olefin copolymers, and the like.

With reference to Figure 1, the three cores are wound

together helicoidally to form an assembled element 20

as defined above.

As already mentioned, the helicoidal winding of the

three cores of tripolar cable 10 gives rise to the

P

formation of three separate interstitial zones 3 which,

in accordance with the present 1invention and as

described in greater detaill below, are filled with an

expandable polymeric material selected from the

polymers mentioned above. 1In the following of the
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present description said interstitial =zones 3 filled
with said expanded polymeric material as a filler will

be defined for greater simplicity of description by

using the term “filling layer”, indicated as a whole by

reference sign 4.

Cable 10 according to the present invention also

comprises a containment layer 5 produced by co-

extrusion with the filling layer 4 and arranged in a

position radially external to the latter so as to

confer a substantially circular transverse Cross

section to said filling layer 4.

e
S

Said containment Jlayer 5 1is made of a polymeric

material selected from the group mentioned above with

reference to the filling lavyer 4.

Preferably the containment layver 5 1s made of a

polymeric material selected from the group comprising:

polyolefins, copolymers of different olefins,

unsaturated olefin/ester copolymers, polyesters,

polycarbonates, polysulphones, phenolic resins, ureic

| ——

resins, and mixtures thereof.

Examples of suitable

polymers are: polyethylene (PE), 1in particular low

“ ot

density PE (LDPE), medium density PE (MDPE), high
density PE (HDPE) and 1linear low density PE (LLDPE):;
polypropylene (PP) ; elastomeric ethylene-propylene
copolymers (EPR) or ethylene-propylene~diene

terpolymers (BEPDM) ; natural rubber; butyl rubber;

ethylene/vinyl ester copolymers, for example

ethylene/vinyl acetate (EVA) ;;~  ethylene/acrvlate

copolymers, 1n particular ethyiene/methyl acrylate

(EMA), ethylene/ethyl acrylate (EEA), ethylene/butyl

acrylate (EBA) ; ethylene/a~olefin thermoplastic

copolymers; polystyrene; acrylonitrile-butadiene-
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styrene resins (ABS) ; halogenated polymers, in

particular polyvinyl chloride (PVC) ; polyurethane

(PUR) ; polyamides; aromatic polyesters, such as
polyethylene terephthalate (PET) oxr polybutylene
terephthalate (PBT), iand, copolymers or mechanical

mixtures thereof.

}

L]

More preferably said containment layer is made of HDP

having a density of at 1least 0.940 g/cm’ and more

MDP.

B

I 1}

preferably between 0.940 and 0.960 g/cm’, or o:

having a density preferably comprised between 0.926 and

0.940 g/cm’.

F

In general the thilickness of the containment layer is a

compromise solution between two opposing trends. In

fact, on the one hand it 1is desirable that said

thickness should be sufficiently great to guarantee a

=

satisfactory containment effect for the underlying

polymeric material during the expansion step of the

latter, while on the other hand it is desirable that it

should be sufficiently small to: a) not prejudice the

expansion of the material constituting the filling

iy

layer as a result of exerting a crushing action on the
la

therefore of the cable as a whole, and finally c¢) allow

cter, b) keep down the costs - -of the covering and

— gr—

rapid cooling of the external surface of said filling

1}

layer. In respect of the latter point i1t 1s 1n fact

g

necessary to emphasise that at the end of the co-

extrusion step of the filling lavyer/containment laver,

the semi~-finished cable so obtained is subjected to a

cooling operation, dJenerally by passage through a

cooling trough containing a cooling liguid. Where the

pr—

containment 1layer 1s of great thickness, aid layer

requires- a long cooling time and, in particular,

cooling of the inner portion of the covering, that is
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the portion of the layer 1n contact with the expanded
filler, is disadvantageously delayed. This may
therefore result in a reduced sealing, i.e.
containment, effect by said layer on said expanded
polymeric material with the undesired consequence that

the latter tends to expand more where there is more

space avallable to do so, giving rise to the formation

fro-

of a transverse <cross section with an irregular

profile, of the non-circular type.

Generally the thickness of said containment layer is

comprised between 0.1 mm and 1.5 mm, preferably between
0.2 mm and 1.0 mm, more preferably between 0.5 mm and

O.7 mm.

However 1t should be emphasised that the optimum

F

thickness of said containment layer remarkably depends

on the cross section of the cable to be produced and on

the volume of expanded polymeric material present

within the interstitial zones.

In accordance with the embodiment of the i1invention

illustrated in Figure 1, the tripolar cable 10 further

comprises a layer 6 of expanded polymeric.  material

arranged 1n a position which 1is radially external to

the containment layer 5, said layer 6 performing the

function of conferring to the cable 10 an optimum

mechanical strength against accidental 1mpacts as

described in document WO 98/52197 mentioned above.

The expandable polymeric material used to obtain both

the filling layer 4 and the further layer 6 arranged in

a position radially external to the latter is

advantageously selected from the group mentioned above.

However, 1t 1is preferable that the expandable polymeric

material to be used in the filling layer 4 1is selected
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from an olefin polymer or copolymer based on ethylene,

while the expandable polymeric material to be used in

the further layer 6 1s selected from an olefin polymer

or copolymer based on propylene.

Finally, in accordance with the embodiment illustrated
in Figure 1, the cable 10 according to the present

invention 1s provided with an external polymeric sheath

P}

7 1n a position radially external to the layer 6 o:

expanded polymeric material, said sheath 7 performing

the function of exXternal mechanical protection for the

cable 10.

p—r
—

In general, said external sheath 7 is made of a

polymeric material selected from the group comprising:

low density polyethylene (LDPE) (d=0.910-0.926 g/cm’);

ethylene copolymers with oa-olefins; polypropylene (PP);

ethylene/a—ole:"’in rubbers, 1n particular
ethylene/propylene rubbers (EPR) ,
ethylene/propylene/diene rubbers (EPDM) ; natural

rubber; butyl rubbers, and mixtures thereof.

As described above, the embodiment of the invention

illustrated 1in Figure 1 -provides that a layer of

expanded polymeric material and an external sheath are

arranged 1n succession in a position radially external

to the contalnment layer.

However it 1s worthwhile emphasising that the present

invention 1s also advantageously applicable to cables
| i

provided with a form of construction . of the

conventional type.

p—
p—

Therefore, the application of a metal reinforcement and

an external protective sheath, in succession, 1in a

position which 1is radially external to the containment
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layer according to the present invention, can also be

envisaged.

Further measures are known to the skilled in the art

who will be able to evaluate the most appropriate

L

!

arrangement on the basis, for example, of the costs, of

the way the cable 1s laid (overhead, placed in
ductings, buried directly in the ground, within
buildings, below the sea, etc.) and of the cable
operating temperature (maximum and minimum
temperatures, temperature variations in the
environment) .

As regards the manufacturing process of a multipolar

cable, sald process generally comprises an initial step

designed to produce the cores as defined above, the

P

complexity of said step differing from case to case

depending upon the type of cable to be produced.

For example, considering the production process for a

multipolar cable for the transport or distribution of

low voltage electrical power, in dgeneral each core is

obtained by unwinding a conductive element from a

sultable feed spool and applying a layer of--electrical

insulation to the latter, typically by extrusion. Said

layer 1s preferably obtained from a polyolefin, in

particular polyethylene, ethylene-propylene copolymers

and the like. At the end of said extrusion step the

ity

layer of electrical insulation is preferably subjected

to a cross-linking operation in accordance with known

techniques, for example by. using peroxides or silanes.

Once completed, the core so obtained is then stored on

a suitable collection spool.

On the contrary, when the production process for a

A

multipolar cable for the transport or distribution o:
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medium voltage electrical power 1is considered, 1in

general each core is obtained by unwinding a conductive

—

element from a suitable feed spool and by applying to

the latter respectively an  1nternal semiconductive

|

layer, a }layer of electricali insulation . and .external

semiconductive layer by known means, 1n particular

through a plurality of consecutively performed

extrusions. Alternatively, the application of the

aforesaid i1nner and external semiconductilive layers and

of the laver of electrical insulation can be obtained
through a co—-extrusion process in accordance with known
technigques. The assembly so obtained i1s then stored on

a first collection spool and a metal screen 1s

subsequently applied to said assembly 1in accordance

gr— o
—

ferent line of the

with known means, generally on a di:

production plant. For example, sald metal screen can be

produced by using a tape screening machine which

positions thin tapes of copper (for example of a

_

thickness of approximately 0.1-0.2 mm) helicoidally, by

means of appropriate rotating heads, preferably

F

overlapping the edges of said tapes by about 33% of

their surface area. As an alternative, said metal

——

screen can be made up of- a plurality of copper wires

(for example of diameter 1 mm) unwound from spools
positioned 1in suitable rotating cages and applied

helicoidally to the assembly mentilionedabove. In

general, 1n said circumstances i1t 1is also necessary to

apply a counterspiral (for example a copper tape having

a thickness of approximately 0.1 - 0.2 mm) which

performs the function of holding the above copper wires

in position during the subsequent manufacturing steps.

o

The core s80O Obtained 1s then stored on a second

collecting spool.
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As already mentioned, once said cores have been

obtained they are twisted together to form an assembled

element by using techniques known in the art, for

example by using a combining machine. In general, said

machine comprises a rotating -unit . on which the spooels

r—
——0

containing the individual cores of the <cable are

mounted, said spools being arranged in a number equal

to the number of cores of the multipolar cable to be

produced. The rotation of the rotating unit and the

simultaneous pulling of the aforesaid cores causes them

—
e

to be wound together helicoidally, while the choice of

either the rotation speed of the rota.tiﬁg1. unit or ”the

linear speed at which the cores are pulled makes it

possible to set the desired pitch for said twisting.

As far as the manufacturing process of a cable

according to the present invention is concerned, the

maln steps characterizing the aforesaid process in the

case where it 1s desired to manufacture the tripolar

cable 10 1i1llustrated in Figure 1 are described

hereinbelow. Where 1t 1s desired to manufacture a

multipolar cable other than a tripolar cable, for

example a quadripolar cable, the process described for

R

the tripolar cable 10 can be suitably modified on the

—

basis of the information provided and the technical

knowledge possessed by an average person skilled in the

art.

As mentioned above, each core of the cable 1s obtained

by unwinding a conductive element 1 from a suitable

p—

feed spool and applyiﬂng 'a layer- of electrical’

insulation 2 to the latter, generally by extrusion. At

.

the end of said extrusion step, the material of the

electrical 1insulation 1layer 2 is preferably cross-

linked in accordance with known techniques, for example
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by using peroxides or silanes. Alternatively, the

material of the electrical insulation layer can be of

the thermoplastic type, that is not cross-linked, so as

to ensure that the material 1is recyclable. Once

completed, each  core- is stored on a first. collection;

spool.

The assembled element 20, which 1n the embodiment shown

in Figure 1 comprises three separate cores, is then

manufactured. Said assembled element 20 is obtained by

using a combining machine which, as mentioned above, at

the same time winds and rotates the cores stored on

three separate collecting spools in order to twist them

together helicoidally according to a predetermined

pitch. Once obtained, the assembled element 20 is

stored on a second collection spool.

The filling layer 4 and the containment layer 5

according to the present invention are then applied. In

greater detail, the assembled element 20 is unwound

from  the aforesaid second collecting spool in
accordance with any known technique, for example by
using & pulling capstan designed to provide

continuously and regularly said assembled-element 20 to'

an extrusion device. It 1s in fact desirable that the

pulling action should be constant over time so that

sald assembled element 20 can move forward at a

predetermined speed so as to ensure a uniform extrusion

of the layers 4, 5 mentloned above.

Preferably the assembled element 20 is delivered within

an extrusion equipment provided with a double laver

extrusion head, said equipment comprising two separate

extruders flowing i1nto a common extrusion head so0 as to

respectively deposit the filling layer 4 and the
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containment layer 5 on the assembled element 20 by co-

extrusion.

In detaill, Figure 2 shows a partial view in

longitudinal cross section of a double layer extrusion

' | v

head 30 of an extrusion equipment known per -sé, and

therefore not shown in its entirety.

Said double layer extrusion head 30 comprises a male

die 31, an intermediate die 32 and a female die 33.

Said dies are arranged 1in the aforesaid sequence,

concentrically overlapping each other and radially

extending from the axis of the assembled element 20.

More particularly, arrow A indicates the direction of

advance of the assembled element 20, 1n a position

radially external to which the filling layer 4 1is

extruded through the conduit 34 provided Dbetween the
male die 31 and the intermediate die  32. The

contalinment layer 5 1is extruded in a position radially

external to the filling layver 4 through the conduit 35

which 1s located between the intermediate die 32 and

the female die 33. Arrow B indicates the exit direction

P

for the assembly of the assembled element 20, the

filling layer 4 and the containment layer 5 for the

cable 10 of Figure 1.

Therefore, at the same time as the assembled element 20

i1s unwound, the expandable polymeric composition used

in the filling layer 4 and the polymeric composition

used in the containment layer 5 are separately fed to

the inlet of each extruder 1n a known way, for example

by using two separate hoppers.

Each polymeric composition can incorporate a pre-mixing

step of the polymeric base with other components
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sald pre-mixing step

equipment upstream from the

as for example

an internal

rotor type (Banbury) or with

Oor 1n a continuous .mixer - - of

gr—

P
p—

the Ko-Kneader (Buss) type or of the type having two

co-rotating or counter-rotating screws.

e
aad

the corresponding extruder in the form o:

Each polymeric composition 1s generally delivered to

granules and

plasticized, that 1i1s converted into the molten state,

through the input of heat

the extruder) and the mechs
which works the polymeric material a

the corresponding extrusion duct towards the outlet of

(via the external cylinder of

nical action of a screw

nd presses 1t into

P

each duct to form the desired cotaing laver.

The operation of extruding the

filling layer 4 takes

place directly on the assembled element 20 and the step

of expansion of the polwyr

neric material o

L.

salid filling

layer 4 1s performed during the extrusion operation as

described in document WO 98/52197

clited

above. Said

expansion can take place either by chemical means,

through the addition of a .suitable expanding agent

during the step of preparing the polymeric composition,

which 1s capable of producing a gas

temperature and pressure conditions, or

under specific

by physical

means, by injectling gas at high pressure directly into

expanding agents are:

the cylinder of the extruder.

azodlicarbamide,

sulphonylhydrazide, mixtures of organic

Examples

w_—

P

of suiltable

paratoluene

cids (Citric

-

acld for example) with carbonates and/or bicarbonates

(sodium bicarbonate for example), and

extruder cylinder at high pressure

the like.

Examples of gases which can be 1injected into the

are: nlitrogen,
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carbon dioxide, air, 1low boiling point hydrocarbons,

for example propane

or

hydrocarbons, for example

trichlorofluoromethane,

and the like, or mixtures

butane, halogenated

methylene chloride,

l-chloro~-1,1-difluoroethane,

-~

thereof.

Lt has been observed that under the same extrusion

conditions

extrusion

(such as screw rots

line, diameter

of the extruder head), one of

tion speed, speed of the

_
—

the process variables which most greatly influences the

expansion

degree 1s the

extrusion

temperature. 1In

general, at extrusion temperatures below 130°C it 1is

difficult

extrusion

temperature 1is

particular approximately

expansion

extruslion

e
bt

to obtain a suf

ficient expansion degree; the

preferably at least 140°C, in

180°C.

degree corresponds to

temperature.

Normally a greater

all

It is also possible to control the expansion degree of

increase 1in the

H
—

the polymer to some extent by acting on the cooling

pr——
—

rate. In fact the expansion degree of said polymeric

material

delaying

forming the expanded coc

extruder.

In accordes

can be 1i1ncreas

or advancilng the

ed or decreased by suitably

degree of

the polymeric material of

can vary from 5% to 500%,

made more

and more pre:

prefera

cooling

bly

of the polymer

ting at the outlet from the

nce with the present invention, the expansion

said filling layer

from 10% to 300%,

‘erably between 20% and 200%.

In accordance with the present invention, as will be

clear by the examples which follow, the die

F

used for the extrusion of the containment layer 5 is
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preferably provided with an extension 36 arranged

coaxlally with respect to the assembled element 20.

Preferably said extension has a lenght comprised

petween 1 mm and 20 mm, preferably between 2 mm and 10

5 mm, and more pfé"ferébli/ between 2 mm and 5 mm.-

Said extension performs the function of guiding the

-

containment layer on the underlying filling layer and

keeping said contalinment layer pressed upon the filling

g
—

—

layer for a sufficiently long distance, and therefore a

10 sufficiently long period of time, so as to contain the

F

expansion of the filling layer to the desired amount.

g

The assembly of assembled element 20, filling layer 4

and containment layer 5 1leaving the double layer

extrusion head 30 1s generally subjected to a cooling

15 cycle. Said cooling 1is preferably achieved by moving

salid assembly within a cooling trough containing a

suitable fluid, typically well water or water cooled to

a temperature of approximately 12 - 15°C.
Downstream from the aforesaid cooling cycle said
20 assembly 1s generally subjected to drying, for example

by means of alr blowers, and successively collected on

a third collecting spool.

|

In order to obtain the cable 10 illustrated in Figure

1, the aforesaid production process also comprises a

25 further 1line where the assembly of assembled element

20, filling layer 4 and containment layer 5 is unwound

from the aforesaid third collecting spool ‘and fed to a
successive extrusion equipment designed to apply the
layer 6 of expanded polymeric material 1in a position

30 radially external to the containment layer 5.
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In the same way as described for the filling layer 4

cited above, the expansion step of the expandable

polymeric material of the aforesaid layer 6 1is
performed during the extrusion step of said layer

through similar means to those mentioned above and,

described in the previously cited document WO 98/52197.

gr—

The layer 6 of expanded polymeric material 1s then

)

subjected to a suitable cooling step in accordance with

similar means to those mentioned above.

In accordance with a further embodiment, said laver 6

1s extruded in the same unit which applies that filling

layer 4 and the containment layer 5 downstream from the

step 1n which said layers 4, 5 are cooled, with no

third collecting spool being therefore necessary.

P_

Finally, the cable 10 shown in Figure 1 is finished o:

with the deposition of an external polymeric sheath 7

pr—

positioned over said layer 6 of expanded polymeric =

material and produced, for example, by extrusion.

The cable 10 so obtained is successively wound onto a
final collecting spool and delivered to a storage

section.

Some 1llustrative examples are provided below in order

-

to provide further description of the invention.

* Kk Kk kK K

EXAMPLE 1

A tripolar low voltage cable was manufactured by using

the method of construction illustrated in Figure 1.
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In greater detail, for the purposes of the present
invention, the manufacture of only the assembly of
assembled element 20, filling layer 4 and containment

layer 5 of said tripolar cable 10 was realized in

accordance with the embodiment illustrated in .Figure 1.

Each of the three cores of said cable presented a

—

copper conductive element (of cross section 16 mm? )

coated, in an extrusion line, with an insulating laver

based on polyethylene cross-linked with silanes, 1n a

thickness of 0.7 mm.

e,

Said cores (each having an external diameter of

approximately 6.4 mm) were subjected to a combining

operation as described above with left-hand helicoidal

=

winding with a pitch of 313 mm to form the assembled

element 20.

Successively a filling layer 4 of expanded polymeric

material and a containment layer. 5 of said filling

layer was deposited by co-extrusion 1in a position

radially external to said assembled element 20.

In greater detail, said filling layer was obtained by

extruding Riblene FL30® (low density poalyethylene

produced by Polimeri Europa).

iy

The expansion of said filling layer was achieved by

chemical means, by adding to the hopper 1.5% by weight
(with respect to the whole) of Hydrocerol® BIH 40

—

—

expanding agent (carboxylic acid/sodium bicarbonate),

manufactured by Boehringer Ingelheim.

p—

The material of the filling layer had a final density

P

of 0.45 kg/dm3 and an expansion degree of approximately

100%.
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The thickness of said filling layer was equal to

approximately 0.2 mm in the portion radially external

to the assembled element 20, that is on the extrados of

the latter. A Bandera 30 mm single screw extruder in

configuration 20 D was used to deposit the filling

layer.

A containment layer 5 was deposited by co-extrusion

with said filling layer as explained above 1in the

present description. In more detail said containment

layer was obtained by the extrusion of DGDA 6318®

(medium density: polyethylene, manufactured by Unilon
Carbide) .

Said covering layer had a thickness of 0.7 mm and the

extrusion was performed by using a Bandera 80 mm single

screw extruder in configuration 20 D.

The heat profile and the operating parameters of the

extruder used to obtain the filling layer and the

containment layer are shown in Tables 1 and 2.
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TABLE 1

| Extruder zone

Extruder of the T Extruder of the

filling laver containment layer
(°C) | (°C)

| Zone 1 | 160 :l 180
| Zone 2 - | 180 | 190

zone 3 200 200
| Zone 4 / "+" 210
[E%tru&ér/ﬁéad o 220 | 220
connection flange ‘

' Head ) - - 220

TABLE 2
;" Size Filling laver Containment laver
i extruder extruder

;Malé die diameter " 14.5 mm

‘Female die diameter - 14.7 mm

IDfaméter - of Jthe , - ) 15.6' mm -
cable at the end of

the step

Extruder screw 0.3 rpm L |22 rﬁﬁ'

speed

IExErdsiEh line ) 2.5 m/min -
speed

The semi-finished cable obtained so far was subjected

g
—

to optical analysis to check the expansion degree of

the polymeric material forming the f£illing laver.
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The results obtained were very satisfactory since the

external surface of the aforementioned

cable had a

substantially smooth appearance and in particular had

an external perimetral profile in i1ts transverse cross

Y

'section of substantially circular shape.

¥ k% Kk Kk K %

EXAMPLE 2 (comparison)

By using a manufacturing process similar to that

described 1n Example 1, a_ tripolar low voltage cable

similar to that illustrated in Figure 1 was

manufactured, but without the containment layer 5.

By using similar means to those in Example 1, and under

the same operating conditions as in

assembled element 20 was obtalned and a

external portion thereof.

o
L Xa

mple 1, the
filling layer 4

was successively applied by extrusion to the radialdly

The semi-finished cable so obtained was then subjected

to optical analysis which showed that the appearance of

y—

the external surface of said cable was

rough and the transverse cross section of

g

particularly

1ts external

perimetral profile was non-circular, with lacerations

in that lavyer.

* * X % % %k

The present 1nvention has some major

comparison with the known art.

F
p-_—

In the first place the application of

A

advantages in

contalinment

layer in a position radially external to the filling

layer makes 1t possible to obtain a multipolar cable
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having a substantially circular cross section, a fact

which is particularly desirable since it prevents the

occurrence of a pilurality of disadvantages as mentioned

above.

In the second place,

process which 1s ce

cable provided with a filling 1layer

polymeric material within the interstitis

cable makes

upon the 1l&

the development of a production

pable of providing for a multipolar

-

of expanded

1 zones of the

1t possible to confer a greater lightness

cable struc

filled with

mentioned,

cable 1s

tter 1n comparison with similar multipolar

tures 1n which the interstitial zones are

a conventional filling material. As already

sald greater lightness ensures that the

easlier to handle, partic

installation, and reduces the costs

installation and of the product itself.

gr— P

P

ularly during

of transport,

Furthermore, the use of the aforesaid expanded material

confers 1less flexural rigidity to the multipolar cable

and this again 1s reflected in easier h

cable both during storage, for

winding/unwinding spools, and during inst

A further advantage 1is a:

mechanical protection against impacts fo

the multip

andling of the
example when

allation.

so provided by the improved

r the cores of

olar cable which the expanded filling

material 1s able to ensure in comparison with a filling

F

material of

pointing out the

capable o:

conditions

particularly during laying. Because of

the materia

the conventional type. It 1s

in fact worth

t the expanded polymeric material 1is

absorbing impacts due to the environmental .

to which the cable 1S subjected,

—t—
—

the nature of

l, said expanded polymeric material in fact

—
-y

absorbs impacts effectively and

substantially
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reversibly, thus ensuring appreciably better
performance than a conventional filling. The latter in

fact, being more 1rigid, 1in addition to undergoing

permanent deformation (failing to reacquire its initial

shape once the cause of 1ts deformation is no more

.

present), transmits almost all the force of the impact

to the underlying layers.
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CLAIMS

A manufacturing process of a multipolar cable
comprising at least one pair of cores, each core
comprlising at least one conductive element and at
least one layer of electrical insulation 1in a
position radially external to said at least one
conductive element, said process comprising the steps
of:
a) assembling at least one pair of cores to form an
assembled element provided with a plurality of
interstitial zones between said cores, and

b) depositing by co-extrusion:

® an expandable polymeric material 1n a position

radlially external to said cores so as to fill

sald 1nterstitial =zones and form a filling
layer of substantially circular transverse

cross section, and

e at least one contalnment layer of polymeric
material 1n a position radially external to

said filling layer.

The process according to claim 1, further comprising
depositing by co-extrusion at least one further laver
of expandable polymeric material 1n a position

radlially external to said containment lavyer.

The process according to claims 1 or 2, further
comprising expanding each expandable polymeric

material during said deposition.
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The process according to claim 1, characterized 1in

that said assembling comprises helicoidally winding

together said at 1least one pair of <cores 1n

accordance with a predetermined pitch.

F
p—

A multipolar cable comprising at least one pailr of

cores, each core comprising at least one conductive
element and at least one layer of
electrical insulation 1in a position radially

external to said at least one conductive element,

said cores being twisted together so as to form an

assembled element provided with a plurality of

interstitial zones between salid cores, sald

interstitial zones being filled with an expanded

polymeric material to form a filling layer, said

expanded polymeric material being co-extruded with at
least one containment layer of polymeric material

located in a position radially external to said

filling layer, said cable further comprising at least

one further layer of expanded polymeric material 1n a
position radially external to said contalnment layer
and an external polymeric sheath 1n a position

radially external to said at least one further layer.

The multipolar cable according to claim 5,

characterized 1n  that sald expanded polymeric

F

material of said filling layer, sailid polymeric

material of said containment layer and saild expanded

polymeric material of said further layer located 1n a

position radially external to said containment layer

are selected separately from each other from



10

15

20

25

8 .

CA 02429985 2010-08-25

37

polyolefin polymers or copolymers based on at least

one of ethylene and propylene.

The multipolar cable according to claim 0,
characterized 1n  that sald expanded ©polymeric
material of said filling layer, said polymeric
material of sald containment layer, and said expanded
polymeric material of said further layer located in a
position radially external to said containment layer
are selected, separately from each other, from:
a) ethylene copolymers with an ethylenically
unsaturated ester 1n which the quantity of

unsaturated ester 1s comprised between 5% and 80%

by weight,

p) elastomeric copolymers of ethylene with at least
one C3-Cj;; a~-olefin, and optionally a diene, having
the following composition: 35%-90% mol % ethylene,

10%3-65% mol % a-olefin, 0%-10% mol % diene,

c) copolymers of ethylene with at least one Cy4~Cip 0-

olefin, and optionally a diene, having a density

between 0.86 and 0.90 g/cm’, and

d) polypropylene modified with ethylene/C3-Ci, a-

olefin copolymers wherein the ratio by weight

between polypropylene and the ethylene/C3;-Ci2 o-

olefin copolymer is comprised between 90/10 and
30/70.

The multipolar cable according to any one of claims 5

p—

to 7, wherein the expansion degree of said filling

layer 1s between 5% and 500%.



10

15

- Rt i Yt e NS 6 RIS B ST Y 075 8 R NI ST A s e ANV - SKEONINN Ty By 2 MR Tt m T Vb R NS o i ot im0 i g 1 o Tt S M 5 SN i N e e et g e

10.

11.

12.

13,

14.

15.

l6.

CA 02429985 2010-08-25

38

The multipolar cable according to claim 8, whereiln

sald expansion degree 1s between 10% and 200%.

The multipolar cable according to claim 9, wherein

sald expansion degree 1s between 20% and 150%.

The multipolar cable according to claim 5, wherein

gh——

the expansion degree of said further layer 1is

comprised between 5% and 500%.

The multipolar cable according to claim 11, wherein

sald expansion degree 1s between 10% and 200%.

The multipolar cable according to claim 12, wherein

sald expansion degree 1s between 20% and 150%.

P

The multipolar cable according to any one of claims 5

to 13, wherein the thickness of said containment

layer 1s between 0.1 and 1.5 mmnm.

The multipolar cable according to claim 14, wherein

sald thickness i1is between 0.2 and 1.0 mm.

The multipolar cable according to claim 15, wherein

sald thickness 1s between 0.5 and 0.7 mm.

-------
.........
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CONFIRMATION COPY
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