WO 98/52197 CABLE W TH | MPACT- RESI STANT CQATI NG The
present i We@8852187rel ates to a coating for cabl es which rgn@gaggpgiof
protecting the cable from 5 accidental inpacts. Acci dent a

I mpacts on a cable, which may occur, for exanple, during their
transportatign, | ayi etc. na S | es of structural damage to
t he cabl e, C%B%ann@%?ﬁ?§ﬁﬁmgs%t ﬁgﬁﬁ?{ﬁ ating layer, detach- 10
ment of the insulating |layer fromthe sem conductive | ayer, and the

i ke, this danmage may cause variations in the electrical gradient of
the insulating coat iﬁi’m presqpt hiaveBkRiefuEel adas & i$PahENg nEeF at i ng
capacity — caphddlvhiclplidtadole of protRdiitfaETAb AR currently
commercially ~ available, for exanple’in those Tor Tow or nedi um

t ensi on poweccidendr@lssingacts di stri buti on, nmetal arnor capabl e of

wi t hst andi ng such iqﬁggi ' S ppl.ied | n 0. pro t cables
from possi bl e damagés ca%%rlédagoiﬁ%éxggcighe%t aclabllrép!ac sfcqﬁ'hrﬁasy a?%%‘ggfmy be
in the formfolr exanpdpss duriwmgeshéjenerahlsporeds iadn, stleying cstal | er -
natively in_the formof a netal sheath eneral ly nmade of |lead or

o nuny - FRYS SAURR & SeiTed (oh SEEdsrRal danagE i he RS pol yrer
sheath. An exaIRidEirm defdrmat2boncebl €het ineillat iy depgdt beget AchS pat ent
5, 153, | { cant has qbserved that, the presence of

381. The
t he abo’xéneﬁ'ﬁnﬁné’cf- Fhe ins bt thag La¥er: drem, rSEpLcondyeLi¥R cks. For

exanpl e, thaaged, Giid Aheoflike; Sehfs damdg@Dimay WAIRS ReL HF i FE €
addi tional phases in the 30 _processing of the cable. Mreover, the
presence of ifhéhe elggtgicahgradieaised the iasykaing Heeae® consi der -

ably, in adgiithon tdriRsiusheryierag8at ah Eh%_b'i%latir&} Nefpadfcyt needs

to be replaced, a cable constructed in this way 1s not easy to dispose
of . of this coating.
15 In the cables which are currently commercially

available, for example in those for low- or medium-
tension power transmission or distribution, metal armor
capable of withstanding such impacts is usually applied
in order to protect cables from possible damages caused

20 by accidental impacts. This armor may be in the form of
tapes or wires (generally made of steel), or alter-
natively in the form of a metal sheath (generally made
of lead or aluminum); this armor is, in turn, usually
clad with an outer polymer sheath. An example of such a

25 cable structure is described in US patent 5,153,381.

The Applicant has observed that the presence of

the abovementioned metal armor has a certain number of
drawbacks. For example, the application of the said
armor includes one or more additional phases in the

30 processing of the cable. Moreover, the presence of the
metal armor increases the weight of the cable consider-
ably, in addition to posing environmental problems
since, if it needs to be replaced, a cable constructed

in this way is not easy to dispose of.



2 The Japanese patent published under the nunber ggfkai)
7- 320550 wWosRiskiys a donestic cable with an i mpact - r esi SCAMPBR ng -
0.2-1.4 mmin thickness, - placed between the insulator and the outer
sheath. This 5 inpact-resistant coating Ps~a non-expanded pol ymer

mat eri al containing a pol yurethane resin as main conponent .

On the other hand, (e cfapsxpsselcplpehynpobd ishednmungiera|the myplbees'

constructi ong own 10 _variety.o I e . For

I nstance, Ggﬁﬁz(r?liga\tﬂf;r#gspp icg%?ﬁ:%#’ﬁ%.a Boﬂgs?g%lga%ﬁ Jlllstc oses the use
of an inter impiaatte demieytant dedtibeg Ob2-dudemmpliastthd ckresgdy and t he i nner
nmetallic sheat f acahle,.in order to,increase the,resi.stapce 15 of
t he outer pP&?ﬁ‘% Elr?gé‘fq?q g&%v@"?%‘ﬁﬁ%ﬁﬁfu?@?. tﬁg ou%eﬁerﬁqeo%t}?'s B2 in
such dogineampakeHrayiGiteait godtiEng isi Anabnskkpahded Poleercabl e with
said internmed ate |l ayer.. As a mattter gf fact, ,such intermedi ate | ayer
shoul d conpPREETE 3o CANLRINING A FPOMYUEEHERAREFE AT RS BP1huter plastic
sheath due g rature's lowering and may consi st of | oosely

di sposed glass fibers or of a mat erial which may either be expanded or
i ncor porating h&n dkgleResphands. use of expandgehRRRYRRELFeNt

German util by Jdals 2% dh1&81cORsBfactiotdi 36! e agtric cable for

use in connections Inside apparatuses and machines, having
parti cllGr wesghigtiyadf musipeseee and flexibility. Said cable is

Foxi bl o i1 or dor t & PeagvicantSr Seriph pafkng, apBllcdtill Ag 0N Y age
on said pul Pey5 15 AT ctilclpgestbhe kerdosf anahngermestiedid i bayey ai med
(s S S BATRENS0h A RLabOEGhAbbn' URE ER e MetdBFE:,
t he flexibilshieatH tofl & rexbslie y 35 oafpar eot inerehsse td |deddi sttande art
that trﬂf k%%dfﬁé outer plastic sheath to low temperatures. No
mention is made in such document about protecting the
inner structure of the cable with said intermediate
layer. As a mattter of fact, such intermediate layer
should compensate for elastic tensions generated in the
20 outer plastic sheath due to temperature's lowering and
may consist of loosely disposed glass fibers or of a
material which may either be expanded or incorporating
hollow glass spheres.
Another document, German utility model
25 no. G 81 03 947.6, discloses an electric cable for use
in connections inside apparatuses and machines, having
particular mechanical resistance and flexibility. Said
cable is specifically designed for passing on a pulley
and is sufficiently flexible in order to recover its
30 straight structure after the passage on said pulley.
Accordingly, this kind of cable is specifically aimed
to resist to mechanical loads of the sfatic type (such
as those generated during the passage onto a pulley),
and its main feature is the flexibility. It is readily
35 apparent to those skilled in the art that this kind of



- - cabl e substantially differs fromlow or nedium | Ra2698
power tran¥@W&2bH or distribution having a netal ar mor ﬁééﬁ%ﬁ, rat her
to be flexible, should be capabl e of - 3 withstandi ng dynam c | oads due
to inpacts of a certain 5 strength onto the cable. In

it - i | ' I of t he coaxi,al or tw sted
gg?;tiggé,lpfan a§3§%3¥§ﬁ3§%199 8§?£§%§n5§8qm&Q¥Teﬁ% TedhpmeteR81PRs Ul at e
a conduct i vepower Mredmisthimhabrcdblsesibmiusuaialwidq‘taEﬁd@?aolo\_tl)_a\t/)@ﬁ?% 1(1)8

hi gh-frequency .si.gnal such as coaxi al .cables for TV

M—lg), sa?el | é‘C@gblr Sdr(?er tt%a&?e Cﬁgff‘li’le' s&’é’)@i P fARRPIBrotonput er s
(above 1 Mzyitthisadindionfldynamict BbeaboageCald) ampsitad |y Caréyrshgpal s

wi th frequencies of about 800 Hz. 15 The purpose of using
an expangkd PhEGNFtS anfo the gakhecables is to increase the transm ssion

speed of t he emﬁﬂdddiﬂiéﬁgnﬁhssibﬂagr@%%ﬂ&%f§§¥éﬁ“%hﬁf@§i?fa! :
speed of signal transm ssion in an aerial conductive . metal (which is
cl ose to thet8fe®aFial @ twimkedopairesype, f dit tifs knawn Hae ,usenpar ed

with no”'eXpéﬂgﬁﬁded_mé%éﬂ@ﬁis??%ﬁ§%ééﬁiEﬁxﬁﬁg%ﬁgﬂgﬂéﬂééﬂéhéfg$ial|y have

a | ower dielectric constan | S proporti on cl oser
to that of alMptek=1Codrdadi rarlepecadeguevadfly intemdeghsioncafry he

ol yner 4 @5 niwho S nt _4 +811 descri bgs
e (o gt Erediindd ABufa1 0P BBLATH s pRARAN" CSGR P Pry
i nsul at or (t KCARXNesd 18- 1M M3MHZ )76 aa#etlh?e c7bﬁmdtrup;ﬁdrn<ﬁ%?33
et hyl ene/t et IO | e or th ne/ c r i.f 1 uoroet hyl ene
copgl yner (t%lgék(g‘%éls ta%e%ffcbr. Ocl%’@%‘.lggﬁgnﬁf.goxg gegﬁ{zi)bed:qarfhttﬁaﬁn‘?ﬂatent,
t he pur peiephbneheablEandeshabl ynearig s2ghassl atitH Mrequen&mwgluct or,

whi l e the purpose of fjlmof non- expanded pol ymer I ch clads the
expanded poI?ﬁe %ogtté%% I'iz‘irrprove t he mechanical properties of the

insulatil®, in 35 pghd euirpody ¢fPAsinhdJahhexPaABRANIA KA SSSI PN
such cables is to increase the transmission speed of
the electrical signals, in order to approach the ideal
speed of signal transmission in an aerial conductive
metal (which is close to the speed of light). The

20 reason for this is that, compared with non-expanded

polymer materials, expanded materials generally have a
lower dielectric constant (K), which is proportionately
closer tq that of air (K=1) the higher the degree of
expansion of the polymer.

- 25 For example, US patent 4,711,811 describes a
signal transmission cable having an expanded fluoro-
poiymer as insulator (thickness of 0.05-0.76 mm) clad
with a film of ethylene/tetrafluoroethylene or
ethylene/chlorotrifluoroethylene copolymer (thickness

30 of 0.013-0.254 mm). As described in that patent, the
purpose of the expanded polymer is to insulate the
conductor, while the purpose of the film of non-
expanded polymer which clads the expanded polymer is to
improve the mechanical properties of the insulation, in

35 particular by imparting the necessary compression



- 4 - strength when tmo I nsul ated conductors are twisted to form
t he so- calWedsjszmsted pair" Pat ent EP 442, 346 PCEEPOS/DIESS a
signal trans- m ssion cable with an i nsul ating | ayer based on 5
expanded pol yner, placed directly around 4he conductor; t hi s expanded
pol ymer has an ultram crocel |l ul ar structure with a void vol une of
great er tfuuﬁt%ﬁ@gth voenr sypordisng ated cengectofseapanswisteld dreat er

t han %rt.mT@ﬁeuggLégh_g_&(&baltwﬁq:readsstg%%ure of this polynmer 10 should

be such tha I S conpressSed by at under a | oad of 6.89 x
10[err] Pa and recovBateat EPadd2503%6 desdribesoai gigabklvakams-after
renmoval of t val yes correspond a oximately to the
typi cal é%ﬁﬁﬁé@s?%ﬁfgtwéﬁgtﬁnV%qf % fﬂ%eﬁaE@FFQBOHeeds to 15
ha\tl)le in Br d@xp&md‘adl‘pbayﬁletrhemww&&ﬁﬁbﬂlwlzlﬁlﬁound twéStcb%uggt/dﬂ)e )
cabl es ternation atent_appljcation 1551
whi ch aISO|§ﬂ¥ﬁe£§??Pg? EVmFFaﬁééjan Eggﬁhcﬁaﬁﬁélﬂﬂﬁﬁ an expanded

lnSU|atln9(Bﬁiuéﬁhrétwiﬁh bSvolidt it & sP8hteg ghgneyggnded i nsul at or
with a | ayer of non expanded jnsul ati ng thernopl astic pol ynme (as

described, fUTORBEFRPRILPE tRe 2aBOF RN r@épansws Bat eﬁ@axen@h@m) t he

requi red comy@Ess] ornét hERghRi croded 10DtA NAdy h Chiag the
speed of 25 pr ﬁaq@élon of tﬁgrglgnal The séﬁ%g%g?eﬁ?egg%Fl§gglon

93/ 1551320 desdiq ceaghathaibié wisx rcq;nmeed by atydeast 108ul at i ng
Cpating. ity 1844l 8¥k2sg, x G9RORE" ABl SLLNANCEL PRATESGRE el

the i nner ayer consisting of nicroporous po e 30-
( PTFE) and tdfe il esrigiymalcobiusel BF tfr aenedsed- 62l the logupandede

pol yner, rticul ar_perfl yoroal koxyt et ra- f |l uor oet hyl ene ( PFA)
pol yners. Q?i?ﬁﬁn%ﬂ?ﬁ SpBat ﬁQproxﬁéi£ﬁ§¥nF%m R dePERYmer i s obt ai ned

by extr udi ng:dxﬁreressi&EAs@.eéﬁgEh QN UH IVt h&ViRat €F 1 BT FRebRgULA OF,
15 have in order to withstand the compression during
twisting of the cables.
In International patent application
WO 93/15512, which also relates to a signal trans-
mission cable with an expanded insulating coating, it
20 is stated that by coating the expanded insulator with a
layer of non-expanded insulating thermoplastic polymer
(as described, for example, in the abovemehtionea
US patent 4,711,811) the required compression strength
is obtained, this however reducing the speed of
25 propagétion of the signal. The said patent application
WO 93/15512 describes a coaxial cable with a double
layer of insulating coating, where both the layers
consist of an expanded polymer material, the inner
layer consisting of microporous polytetrafluoroethylene
30 (PTFE) and the outer layer consisting of a closed-cell
expanded polymer, in particular perfluoroalkoxytetra-
fluoroethylene (PFA) polymers. The insulating coating
based on expanded polymer is obtained by extruding the
PFA polymer over the inner layer of PTFE insulator,



- 5-. I njecting Freon 113 gas as expandi ng agent. Accorgi to
the detai IWOPBFER7i n the description, this closed- cel | Ibg;{)hgﬁg{gch”

i nsul ator makes it possible to maintain as - hi gh speed of signal '
transmssion. It is noreover 5 defined in that patent application as being

resi st ant P q 1,0R 7 sal £.ho | C ta,r y!
this conpres%? %eggggﬁgﬁﬁggrglgi6%%3%%ﬂég§¥§@$$é?i% eﬂ%. A@%%ﬁ%@f%ﬁs t he
fact that copeutherdetbhadswitivesudm athe desionbpeibayethiissdlaised-can be

tw sted. Mor r ordin 0 .t hat, patent_appljcation, the increase in
voi d vol une ‘?ér)\i/fh%xégfiggge%gg}fgg qraﬂ?rk%hkle% P?gglfﬁﬁﬁ?i B‘Iaé“t%(?ldbtaai n an
i ncrease i n hibghsppeddobf sighamantyrassimissider eby gsvibgeoivee t o snal

vari ati ops in the capacity of this coating to oppose the conpres- 15

si on of Smaqﬁﬁiﬁegxban§58%|Bééﬁﬁt appllcatlgbsa§sg§é8ﬁ FeSHStRat
aboverent i onesl coapresston, altheugh MdUINSEiOh1UghBE TRRAFAER]
expanded pol mat eri al s as insulating,coatiggs for signal transm s-

ner
si on cabl es t%/l%l? CPARFEASEONhELLFEF o LS FhkHPR si TReofesgrdps idnect ri cal

signal; howegshashess expapded epald Mbnductdeyecilg diawbagknofy having an
I nsufficient_ conpression strength. A few expanded materials are al so
generi cal | y doubleriakaradnspestoraman da dipketsed ontMorepnes, t hey have

10 ensuls NAlcdbtdiAgNt8NtARECRaCbrt! W {LA0RMM SSLAD. RcRUL Bl 57 @
sufficient resistancé to the conpressi orces ich aretypically
gener at ed winid vipolume chpndtibeoputesatespanded t hmyabomakest ianed expanded

i nsul ation L5t ed t aer . a i A 0N his case, the
applied | oaggc?sséj\él% %tg?lt?gﬁ%lggl F{/l g‘?l%rsrgra;%atli%a’%@ e§peed 0% Thus,
whil e, on tHxramsnbssilonjttherebyegdianiyng ridertd hemwellnsdkabicignsoat i ngs

made of ex ol . rial faqr. signal transn ssion cables to
have cﬁggggﬂggi%%ﬁ%glgﬁcﬁg?%gfstﬁ&? 85“33% r°%P?%?af$9eF9m§5eﬁﬁdest
conpr estbon dicad ¢Suthe anhéat exphaabiedr 1388 mhen

As is seen from the abovementioned documents,

the main purpose of using “open cell” expanded polymer
materials as insulating coatings for signal transmis-
sion cables is to increase the speed of transmission of

20 the electrical signal; however, these expanded coatings
have the drawback of having an insufficient compression
strength. A few expanded materials are also generically
defined as “resistant to compression”, since they have
to ensure not only a high speed of signal'transmission

25 but also a sufficient resistance to the compression
forces which are typically generated when two
conductors coated with the abovementioned expanded
insulation are twisted together; accordingly, also in
this case, the applied load is substantiantially of

30 static type.

Thus, while, on the one hand, it is necessary
for these insulating coatings made of expanded polymer
material for signal transmission cables to have
characteristics such that they can bear a relatively

35 modest compression load (such as that which arises when



PC711 6 two cables are tw sted together on the
ot her hanWOB%52197 nention is made in any docunent known to FEREERMMN268nt
of any type of inpact strength which ngysbg provi ded by an expanded

pol ymer coating. Mreover, although such“an 5 expanded insul ating coating
pronotes a hi gher_ speed of . signal transmssion, this is considered to
be | ess tway §APAGSoaT St i SEad HPTGthaaL . opRatienothemdiand, nexpanded
materi al aspERYILAS i AR SH P HSEEREAE Nknown 88 LBROHRA iidhdie
abovenenti oned patent application 10 WD 93/15512. The

Appl i cant hef aBW typedofhdmpact reterenggh whicht mayhbespnestigad diy a power

transm ssiog.,c | I L n e r teria
of " adequat RpEnBed POl At ihe TARAEEL, CKERRERGH B o
wi th thé shespandédoiheulpdliynprcaatainggpromotes a hjgheirblspees af ai n a
cabl e havi ng, hgb i t . str,ength her e king,it .possible to
avoi d the ugégngEL gfagﬁgggg&ﬁﬁﬁﬂﬁq% eﬁsp%%ﬁ%%?%&g%nﬁfapeagﬁﬁﬁ in the
structure oddtvanhsagablie. thlam pardoztirdg , mhde APphi samila® nvas- observed

t hat the pol yner terial .should be selected in order to have a

suf fi ci entl?xﬂ?aﬂe | BREFA3L 35, RRAREDS nkBE uFeBPEEFS O F&!&(‘&ﬁgi on, so
to achi eve as réperded aad the@aBovanre st 8bhell pREERESPPId RMAidh _
possi bl.e danages ,of .the inner structure of the cable 2 due to undesired

inpact%oon Wﬂe?édfé?lgurface of it. In the present description, the
term"inpact” is intaedagp]licdrit HESWGRISEShhdt BASE ByNamsedtdafds of a
certain .energé capabl e to produce substantial damages to the

structure o}NEBnVBRt FERNCLYFS A &l RAWRBSEraRFMEsS3onh&AAG @egl i gi bl e

effects on shgcabluctunesaly SAIPE WighoRlan” £ oAk Rasss N (il cation,

such an i npact may be considered an inpact of “abou
produced byadeguakgptiicknessd-aodld Iewienal motngus, prefemadtlyr dr adi us of

about §s™ QAL QCENG 1 PH! RheS MU 1% CbutE £8P Rer coating, it is

possible to obtain a cable having a high impact
strength, thereby making it possible to avoid the use
of the abovementioned protective metal armor in the
structure of this cable. In particular, the Applicant

20 has observed that the polymer material should be
selected in order to have a sufficiently high flexural
modulus, measured before its expansion, so to achieve
the desired impact resistant. properties and aﬁoid
possible damages of the inner structure of the cable

25 due to undesired impacts on the outer surface of it. In
the present description, the term "impact™ is intended
to encompass all those dynamic loads of a certain
energy capable to produce substantial damages to the
structure of conventional unarmored cables, while while

30 having negligible effects on the structure of
conventional armored cables. As an indication, such an
impact may be considered an impact of about 20-30 joule
produced by a V-shaped rounded-edge punch, having a
curvature radius of about 1 mm, onto the outer sheath

35 of the cable. —~4~——______‘*h“‘__\
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- 7 - : The | i cant has noreover observed that

surpri si ng\!@?S/i&H‘éxpanngppol ynmer material used as a coaYCI:'HEP?smn%sabl es
according to the invention nakes it _ ppssible to obtain an inpact
strength which is better 5 than that obtained using a simlar coating
based on the sane A cabl e

r which is not expa
with a coating ofttﬁg égfh§§n$apﬁﬁx9°re°%ék %?ﬁﬁﬁgegvépaé rconvent i onal

cable with gy ly ﬁuehpastdefd)r DAY GmaEsial pEeeess g, a
reduction in 1 the wWei ht and dlnenS|ons of the finished cable and a

reduced envi%AHERE af°¥nﬁé€t-e§saﬁ§@§rddé‘9r &q dihagipyentiopymakes dtonce its
working cyclgdSioNérto obtain an 1%%@%&%&&5%@&&8@@ bY@ i on thus

relates to power transm ssion cab conprising a) a conductor;
b) at |e&st Wman | that @btcenpdcusmguaatawgllar coating begeidngn the

c) a coati “%A}R@fpé’% n:gggghpqlsy%r (%qt wherein said pol yner

mat eri al has prede mechanic strength properties and a
pr edet er m ned delyregbdé wxphnslawaﬂlng;Qf)thmartypﬁpaas vegiistuant
properties to,said cable ect of

rd r f rned_as
t he present adv a??ﬁ%%?.BHertﬁe°8?&§%£&?W§1 réghnBYngaﬁ ?lo i‘ﬁed 25
fronta poIymmchmﬁsrlﬁbrmbxahphas daﬁﬂynapvqnﬁsebng,aa redhba&me1ﬂmmUlus

r oo ature red_accqrd- i.ng 1o Tleta 790 hi gher
han_ S060Nmahe wd Fonf caRt! SYpBaSs) of B hind Soscneablsn ey
bet ween 600 fé&z@é&l énPOrdhRaeheiang :Lﬁigfatdtﬁlds'ﬂﬂ'dgﬁﬁdspféi:?bﬂ.&@g of

According to a preferred aspect, sai mat eri al has a degree of
expansi on ofth¢ FRRbRcPnSBFLE W°rh%&ﬁﬂ° %S pPERErabl y from about 30%

to about 500% a oﬁegéseeefc P YrHerdt OMMAOREL oRO¥NLE about 200% 35
being particularly preferred.
relatés to a power transmission cable comprising
15 a) a conductor;
b) at least one layer of compact insulating
coating,
c) a coating made of expanded polymer material,
wherein said polymer material has predetermined
20 mechanical strength properties and a predetermined
degree of expansion so as to impart impact resistant
properties to said cable.

According to a preferred aspect of the present
invention, the expanded polymer material is obtained

25 from a polymer material which haé, before expansion, a
flexural modulus at room temperature, measured accord-
ing to ASTM standard D790, higher than 200 MPa,
preferably between 400 MPa and 1500 MPa, values of
between 600 MPa and 1300 MPa being particularly

30 preferred.

According to a preferred aspect, said polymer
material has a degree of expansion of from abuot 20% to
about 3000%, preferably from about 30% to about 500%, a
degree of expansion of from about 50% to ebout 200%

35 being particularly preferred.



- 8 - According to a preferred enbodi nent of the ~ present

I nvent i on,wohg/szi@at i ng of expanded pol yner material has RCTIEPO&/MESY Of
at least 0.5 mMm preferably between 1 and 6 nm in particular between. 2
and 4 mm 5 According to a preferred ésBeCt of the present i nventi on,
t hi s expanded polymer material is chosen from pol yet hyl ene (PE), |ow
density PE (LDPE), nBgcomding densi tyrefefvORERmbhdgmedensift ywHeE (HDPE) and

i DP ylen PP),. ethyl ene- 10

bt oy ene 1 ubberEREpiveREr Pne NodBLREY 68 B e htied” PRliE

etB%Iene pLaPytefead|Fa§ SfmhﬂqkﬁﬂsiEﬁfm@t 1eastnat6rmh ;?M%gifdbmWW

éghyﬁéne?;c¥9$ ?%ghnx ag éf 1Qﬁé®?€%§?ﬁgfh§gggeﬁg 4t 8" ™ opol yer

(1EBA)et hyISelnel&ed:dﬂ:ydé:tLﬁglr ’éﬁa}aﬁ p(n%@ol z Irnﬁeé@gdéyﬁett ef hyhénpﬁrélébh't acryl ate
copol yper

acrylonlgrlrkn%%?ﬁﬁp Eﬁﬁr Qﬂﬁé) %iy%§r Hareyéna- is Chﬂﬁfﬁxﬂyner

| | NAMFow deAFLEY: PROILBBE(S: ritldA | ©
pol yvi ny Chf@éﬁelt vl gﬁg}l%ﬁ@llteg%%)t hgf?ﬂe ePEiI'B} but@sE?ene td(e?Lr epht hal at e

| , |
PRer S o ERAELEs PR EDBE il dansi sy (hhs (BREFSGRRd linear

According t f ppef S 1ypPbSyl pepyREr @l is a
pol yol eflgn g%)ﬁ'/ngfﬁgfﬁgo z QWL%EQ ;Ogrgsseaﬁonﬁ%Eegﬁd? ISII%P pre efer abl y

modi f i edOwi tEhr%YléflﬁyFBEPﬁﬁfr dEARIne Qﬁb.‘bb‘#ne'rmro\m'éhnehGOPD/lEﬁ@né\elesgyzo
90 an ,
10 13 oL Yo SOLE Gy ARy REASTEY DS Dner, B30

In particular about ' referred
aspect, thi snaturpb| yubbeirn poityrerrubbenpotyimplehadetingd BEeaadieor PP 30

oref or abl y beruebrcTBIEImE o sa e R e S e hatsher
Accordi ng tccepdélymer; pthidenedmeindd adctybate (EMB) ecopbegwer,conpri ses
an OUtei5p0|g%ﬁ&lggg?eghywhacrylate (EEA) copolymer, ethylene/butyl
acrylate (EBA) copolymer; ethylene/a-olefin copolymer;
acrylonitrile-butadiene-styrene (ABS) resins; halogena-
ted polymer, polyvinyl chloride (PVC); polyurethane
(PUR) ; polyamide; aromatic polyester, polyethylene
20 terephthalate (PET), polybutylene terephthalate (PBT);
and copolymers or mechanical mixtures thereof.
According to a further preferred aspect, this
polymer material is a polyolefin polymer or copolymer
based on PE and/or PP, preferably modified with
25 ethylene-propylené rubber, in which the PP/EPR weight
ratio is between 80/10 and 50/50, preferably between
85/15 and 60/40, in particular about 70/30.
According to a further preferred aspect, this
polyolefin polymer or copolymer based on PE and/or PP
30 contains a predetermined amount of vulcanized rubber in
powder form, preferably between 10% and 60% of the
weight of the polymer.
According to a further preferred aspect, this

cable moreover comprises an outer polymer sheath, which



-9 - A ﬁ@eferably in contact with the expanded pol yner
coating, tMPI88HA4th preferably having a thickness of af CTERSB/OHIE
preferably between 1 and 5 nm - 9 Another aspect of the present

invention relates 5 to a nmethod for inparting inpact strength to a cable,

whi ch ting,this cable with ti f ded
pol yor mat ch dptereraLy "R ERReaak i i, " SRerPeaaBpASMER hi s ot hod

for inpartingatdmgt shisnghbath prefrabby aeyeinglaceRpcksRssc@® ing this
expanded coat,i A further

mnth ap outer ve sheat h.
aspect of tIfF Bﬁ%%%%t gv@ﬁtrBﬁefeﬂ%Qi :&%FY%P?he 88¢ §f M expanded

pol ynmer material in anotRégehspachmed ttuérr&@éséﬁteﬂﬁizanftfio% RNtes
transnrssron 15 cabl e. A further aspect of the present

i nvent i of r%ﬂ@&%%P@ofﬁrnéﬁﬁéﬁtﬁﬁgr%ﬂﬂ%ﬁﬁr%@r?h@thnﬁécﬁ §@#éﬁgth of
a cable CO”WHl%mgc&ﬂpi‘fé‘éE eB8 i AZUHINE LR | fPen 2 cblitin gf

consisting in a) measuring the average peel streén
sai d |nSLHEHQﬁu?#RBQ§ed polymer matigriqibj ecting the cable to an |npact of

pre- det er m ned ﬁ@@?géhng to prefe@roe%@aén%éégg tPRiReRL 3l rdz)ngt h of

the said 25 insulating layer “at t e point
checki ng t h#ton Hanph ff BrentBpbetwetmenigth to avecalgke pmokrestveengt h and the

s ol B S el g, RSP RBed WA AS SR MEBARS peer 20
strength. protectlveﬁsheadhng to a preferred aspect, this pee
cutor I ayer of sent CorACIUS BSRPERgef the Breseny inpehfiomon
descri pti on rellatd=rio ' ﬁe@reeeobeEneé&mdw ol ire POMYABE allS iknder st ood
to refer to td%r to impart impact strength to a power transmission

15 cable.

A further aspect of the present invention
relates to a method for evaluating the impact strength
of a cable comprising at least one insulating coating,
this method consisting in

20 a) measuring the average peel strength of the
said insulating layer;

b) subjecting the cable to an impact of pre-
determined energy:;

c) measuring the peel strength of the said

25 insulating layer at the point of impact;

d) checking that the difference between the
average peel strength and the peel'strength measured at
the point of impact is less than a predetermined value
for the said cable relative to the average peel

30 strength.

According to a preferred aspect, this peel
strength is measured between the layer of insulating
coating and the outer layer of semiconductive coating.

In the present description, the term “degree of

35 expansion of the polymer” is understood to refer to the



- 10 - expansion of the polyner determned in the follow n way':
G (degr eewg ogissp@nsi on) = (do/de - 1) 100 \/\hereﬂﬂ'liégmﬁm"'”

i ndicates the density of the non- 5 expanded polyner (that is to say the
polynmer with a structure which is es®ntially free of void volunme) and
de indicates the apparent density neasured for the expanded pol yner.
For the purpapansdon ke prresqublyiescrdpteomingd time tther Molebgeimied” pol yrer
is understood to refer to a pol ymer within the structure of which the
percentage YPY® void volune (that is to say the space not occupied by

the polyner but by & griedXedicf égphdpionll ¥ gugatier- 1)-10an 10% of the
total volunme of this polyner. 15 In the §re§eg# description, the
term "peel " st r dhRTE (b INECATRRY the rPRPLES PhetPEr B8 Fequir ed

to separdit eciplglded dANRke©f (€R2E | DS f:boﬁh?h(the pAGRIEItIora f rom
anot her |ayer of coating; in the case, of_ separatign of two I:gers of
coating froftEREHGEnathicly ihcaesenyiprdlyr £regpicfaMaid HEPIURRN a2 g | ayer

and the dguiﬁai§§€E§0Qﬂ%ﬁ@ﬁﬁ%ﬁéﬁﬁ”density measurédPiced! lthe the
i nsul ating layer of power transm ssion cables has a dielectric constant

(K) of gxpangied malymenbreover, in contrast with signal 25
transm ssion cabl es,gd,n g;F'uI- Ese§! B¢ 'i:'h%ag Yadeescri tlfaféﬁ,rmt er does
ectrical gr adi &) r

not assume any i nportance, I C ient's rangin om about 0.5
kV/ mm fX | ahet ereginoiexpandgdt opabymerld sk uhgierisdrodd ¢te trekeontoate

applied in ower .tr.ansm,ssi : ; thus.. hn e t 30
presence of ppﬁ%%}?&gé’nletﬂjgp :g]§$ h%g{:ﬁggilg?‘ i r?tgg g’gé'ﬁhn&%% %ee(”fc%%%%%%p g voi d
vol umes), weiodld e@luhegi tchat sestboasay thecalpacer inati @mcdupid® biyel ectric

rigidity mﬁggea consequent decrease in she I nsul.at i %Ica acity, t ends
to be avoi d&@t® RAYMSHUL iRy FePBFi 8F G ﬁﬁu§¥ﬁ§33ﬁ;(xﬂ A% a conpact
pol ymer nat ehiadl , 109 ohitthe tdtal volume of this polymer.

15 In the present description, the term “peel”
strength is understood to refer to the force required
to separate (peel) a layer of coating from the
conductor or from another layer of coating; in the case
of separation of two layers of coating from each other,

20 these layers are typically the insulating layer and the
outer semiconductive layer.

Typically, the insulating layer of power
transmission cables has a dielectric constant (K) of
greater than 2. Moreover, in contrast with signal

25 transmission cables, in which the “electrical gradient”
parameter does not assume any importance, electrical
gradients ranging from about 0.5 kV/mm for low tension,
up to about 10 kV/mm for high tension, are applied in
power transmission cables; thus, in these cables, the

30 presence of inhomogeneity in the insulating coating
(for example void volumes), which could give rise to a
local variation in the dielectric rigidity with a
consequent decrease in the insulating capacity, tends
to be avoided. This insulating material will thus

35 typically be a compaét polymer material, in which, in



- 1 - - the present description, the term"conpact" insul ator

under st oodW&i@!@r to an insulating material which has PfW%ﬁs@&f% c
rigidity of at least 5 kV/mm preferqply greater than 10 kV/mm in
particular greater 5 than 40 kV/ mm for ﬁEdIUﬂ}hlgh t ensi on power

transn155|on cables. In contrast w th an expanded pol ymer material,
this conpactti@tBFP§eRtsdescrapisiony i BreyterBe SPmP@FG dﬂﬁﬁi@ﬁ@hln its

structure; is {1ideaktbed! % ztemesr Ned €5k ak n¥hh b tBAYE rd 8N I Wotpf O 0. 85
g/ cnB or nore. In the present description, the termlow

tension is udderatdéalestrireriy ﬁbn@foﬁtoieaﬁtté kV/mmpo0 V (typical Iy
greater tha 499 Yap1ihg bRy ﬂgﬁ' Oent ga%r&qg ta{qocrgszfegan{&sef to

a tension fron1 out 5"1 to about 0 f he rmhi
under- 5 stb@d €6 k¥f/mm ﬁ@ramﬂﬁmnmﬁhemhveeselbv pSu@h'pomer

transm ssi O“tfé‘x%:ﬁi%?ﬁhcéhﬂe%perﬁ{ &Jitpgg#n‘?% dS}g](‘:lrﬁe ueg%cgs of 50 or

60 Hz. Nt he' cour se the 20 use
of the expamdaﬂymerymetermaﬂbnghxs|ddmpacaimdten1al igetail with reference
to power traps ch.this co may advant ageously

repl ace the %%?3 3n laiiﬁngrgﬁrﬂ&ﬂ?%ggs%%ﬁ?ﬂesﬁ&ﬁ &Eb3§§ StryEW®ar to
t hose SklIIeﬂnlpafhﬂcalhrthahﬂﬁﬂm%ﬁﬁﬁﬁﬁmeﬂlzDahaﬂg BBYess iddy ¢ ageousl y

be used bn 82 of cable for which it mght be desired to inpart
sui t abl &% np c tBc-OF MOYfon to such a cable. In particular, the
definition of pomrthéap&@s%sitorué:@é&ﬁstwﬁl uggs RPNl t hose

speC|f|caIIy of t{he tg pe for |l ow and nmedi um tension but 30 al so cables for
hi gh-t ensi ont$RHEP1t +8nLReESEROd to refer tqpa FRREAPRORINMP Be furt her

under st ood W édo v (E?ﬁléhﬂl?fd33%€é¥|EH§ﬁglébgVFGSthe term medidm 9ure 1
shows a power transm Ssion cab according to fhe state of"He art, of

t he tr|poIaft%W§b°351§APﬁdﬁ6§§PQ§wﬁﬂ refer to a tension from about
15 1 to about 30 kV and the term high tension is under-

stood to refer to a tension above 30 kV. Such power
transmission cables typically operate at nominal
frequencies of 50 or 60 Hz.
Although, in the course of the description, the
20 use of the expanded polymer coating is illustrated in
detail with reference to power transmission cables, in
which this coating may advantageously replacé the metal
armor currently used in such cables, it is clear to
those skilled in the art that this expanded coating may
25 advantageously be used in any type of cable for which
it might be desired to impart suitable impact protec-
tion to such a cable. In particular, the definition of
power transmission cables includes not only those
specifically of the type for low and medium ténsion but
30 also cables for high-tension power transmission.
The invention may be further understood with
the aid of the following figures:
Figure 1 shows a power transmission cable
according to the state of the art, of the tripolar type
35 with metal armor.



- 12 - Figure 2 shows a first enbodi nent of a cable

accordi ng wo 98/sr197 nvention of tripolar type. Fi gﬁ:fr/SPgBmﬁ!!ﬁNs a
second enbodi nent of a cable according to the invention of unipolar
type. 5 Fig. 1 is the cross-set®ional diagramof a
medi um t ensi on power transm ssion cable according to the state of the
art, of the tripolarFngEeMQéBhﬁﬁﬁab firsﬁwaMquime@?@feacaa?pese?2;hree
conductors (1 each clad,with an inner sem conductive coating , an
10 insul ati ﬁPg@%{/@}n?e,}? Sheoﬁf‘gﬁ%éﬁi“c dFHERRL 3 ByeYPE 4) and a net al

screen (5); for sinpriguty, 3t BhowseH second iMBdnsh# USE U ecbhl be
defined in the rest of the ,_description as the "core". The three cores
are roped 2CE¥RiMIrtanghensnyeationapdd Wil et iRe- t hem are 15 fill ed

with a fplling materppy, (9)i698A8" Brb%sesadtqonal d%%fanﬂi gkuges, .
pol ypropyl ene fibers and the like) in . order to make the cross-sectional
structure cifeipyR-tensippePaneretransmissieomgalvie cacowrdiing taner

I o] | wdar ) u 0 polynef
Bheath (). HENCatOornsl IR Obr R MR8 G0eR hEFaS
cabl e accor dixnepx o Thks | pakbhei compalisesothides tgdarpbiattors (l1ypeeboh

red U £\ PN SATPAAER' Yo IO RERNNE contT 12T AR UTSS
i nsul at10g limysrlating 3ayen 0B} gr anesuterdseniivordyeritd)lapdra(aptal
Case wi th Al il ot STAREoRBAABAT SLMBIAAIEY melfEh® aFSRAD) whi ch 15,
in turn, coatiorshdd m@@t@n_éemfml bé\_i‘ﬁei?g@)dﬁ ﬁﬁéﬁ%ﬁf @;ﬁggﬁtégd he
i mam ¢ hi SRR G A GBS pAF9REY - cOBE: Areen CoreTrasRg MeBedo the
outer surfamogdtidie £0d echei StakSShaped Beaa! & tded B sy 0fr& dotted
'1N€). 15  filled with a filling material (9) (generally elasto-
meric mixtures, polypropylene fibers and the like) in
order to make the cross-sectional structure circular,
the whole in turn being coated with an inner polymer
sheath (8), an armor of metal wires (7) and an outer
20 polymer sheath (6).

Fig. 2 is the cross-sectional diagram of a
cable according to the invention, also of the tripolar
type for medium-tension power transmission; This cable
comprises the three conductors (1), each clad with an

25 inner semiconductive coating-(Z), an insulating layer
(3), an outer semiconductive layer (4) and a metal
screen (5); the star-shaped areas between the cores are
filled in this case with an impact-resistant expanded
polymer material (10) which is, in turn, coated with an

30 outer polymer sheath (6). In the expanded polymer
coating (10), a circular rim (10a) which corresponds to
the minimum thickness of expanded polymer coating, in
proximity to the outer surface of the cores, is also
indicated (by means of a dotted line).



- - . Fig. 3 is the cross-sectional diagram of | e
accor di ng™OP8%¥7 nvention, of unipolar type for nedi uml;czrr%$9g{]09€4§mr
transm ssion. This cable conprises _aygentral conductor (1), clad with
an inner sem - 5 conductive coating (2), an insulating layer (3), an

outer sem conductive_|ayer (4),. a netal screenlgﬁé, a | ayer of expanded
pol ymer material (1051%nd® ahSokP&r CrosssHSRtonHe A12FEF™ Ph fhe case of
this uni pol arablfecordi g esephed intreitdond, &f NERipHEagOLQpBaF ot
circular 10 cross-section, the C|rcular_r|q1(102g indicated in the case
of the tri pHegdivubiensiPncPeESIWEERNEHE SSHRN- dfhis cakhangenrgsisgser

material (1Q) gentral cond £82€ (hh JULARLRM Y Y PihyrsBewsa few of the

possi bl e enbodi ments of cables in which the present 15 invention may
advant ageousiondustiseszl. coatingcl(@dr ematinsulatinablayendiB) eathons known

in the art Qgge .t he I\re 1 1ho lLem tations to
t he app?ﬁ%ﬁ?ﬁon 0 cééEP%Féggn?gy%ggﬁgﬁdnQ%Zwﬁgéﬁn%%Fggx (s)(hgreby. For
exanpl e, w tllayexf evyfernexpandéd gpo2 ymelre mad extisgl: stibpedamdean beteeen t he
cores may be filled ef hand with a convent.ional filling eri al
Chus. ™Y op@alymiF shear oTbEaellu B W Qe rE dip Rl aRoHRE
correspondi nepEYentedt thyFig.t B¢ eihed atherasise has secirenlaent ai ned

Wi t hin e circular rim(10a); it is_25 then vant agepusly possible to
extrudeigvquﬂﬁ§f§ﬁﬁﬁ¥°£' g%?o&é§§€&%ﬁﬂﬁ¥@o?ﬂ%$%s%€§%ﬁ?FéﬂaF“aF £ t he

| ayer of cavEethdot ¥ips1aet ebkdle CHincides witKkPRES169EFCST
pondi ng approximately to the circular rim(l0a), and subsequently the

outer sheat FXRANdeq iRPhEReFehgtegdpds (3@ )vay be provided with a

cr oss- sect i onal_secififesé Nesyabes op¥iGRSIYNUn I AResCrEAT 7 A | O ned

toget her a cable of approximately circular cross-section is fornmed,

wi t hout t he RRasiRYe (erebedementsi a§ sabdesalin othigle the prapebhaped areas;
te Qter nggs ngeirdmcsr{ Grd 9t 88FaRPaGEBARISH ROIWES. "Bt ef&aki £10) thct hen

suitable modifications known in the art may be made to
these embodiments without any limitations to the
application of the present invention being implied
thereby. For example, with reference to Fig. 2, the

20 star-shaped areas between the cores may be filled
beforehand with a conventional filling material, thus
obtaining a semi-processed cable of cross-section
corresponding approximately to the circular cross-
section contained within the circular rim (10a); it is

25 then advantageously possible to extrude over this semi-
processed cable of cross—-sectional area the layer of
expanded polymer material (10), in a thickness corres-
ponding approximately to the circular rim (10a), and
subsequently the outer sheath (6). Alternatively, cores

30 may be provided with a cross-sectional sector, in such
a way that when these cores are joined together a cable
of approximately circular cross-section is formed,
without the need to use the filliﬁg material for the
star-shaped areas; the layer of impact-resistant

35 expanded polymer material (10) is then extruded over



- 14 - t hese cores thus joined together, followed by the outer

sheat h ( 6)wo 98/52197 In the case of cables for |ow tensi oPCHERRE02698
transm ssion, the structure of these cables will 5 usually conprise the
onl'y insul ating coating placed direct4y-in contact with the conductor,
which is in turn coated with the coating of expanded pol yner

mat eri al andchedéd ddresoutieus shebhéd together, fdluraves wl théonstere wel |
known to a Q§H§q§blﬁi skilled in the art, who is capable of evaluating the
nost conveni )IOH based on, for exanple, the costs, the type of
positioning of the qabb@héa@aéalof cabﬂ&SEEb&dﬂdWﬂﬁqﬁEioﬁnﬁbwdrdireCtIy

i nto the ground, I nsi de bui | di ngs, er .the se etc. t he operating
15 tenper at AP §HLRAbERE (FRXE HF&n& tﬁ%ﬁﬁnc rﬁi%%lures

t enper at yr e yAnESy Lork §@Vtﬁ9”83m9)1nsul&@1dd“tdd&%hg placed The
|npact-re5|stant expanded pol yner coating consi st. of any type of

expandabl e §QQ§1$Lkﬂl%@thgt WéFhe%BﬁpF@nq&ﬂﬁﬂﬂwﬁWh%F pbf ydhefin

copol yrer s, tﬁ‘kfh coats ﬁe£h€08813¥ﬁbsofp@><¥§°a$¥d'€c§’p €Ar bonat es,
pol y- sul f ones, eno IC resins, uréic resins and m xXtures t her eof .

Exanpl es ofﬁﬁﬁ@ﬁﬁﬂk&%ﬁﬂyMEth the puLest speatd - (PE), in particular |ow
d PE ( LDPE 5 , HDPE d
ensity PE ( ) . W%ﬂé%&%gﬁ?ibhﬁ Bl MQH@ kr¥ @&[‘:ﬁ 1]5¥r§)gn( ) an

| i near | ow dens pol ypropyl ene ( PP); ene-
propyl eh@ rubbiEkl¢dPR)  the @ettiwhbansechyhéd@-o ewﬁlmgtem@ tbpol ymer

(S o oL ML ABENE 050 op, LSRR T AT Mondll her ober
et hyl ene/ acrgosit =, cps| tyypee , of nppaitionliag of tdtehydadred ntadyiadcryl ate
Cihyl enel buteerted o B ET oL 6o Frert 1 Th e (1T 8Pef  n
copol ymer; inside buildings, under the sea, etc.), the operating

15 temperature of the cable (maximum and minimum
temperatures, temperature ranges of the environment)
and the like.

The impact-resistant expanded polymer coating
may consist of any type of expandable polymer such as,

20 for example, polyolefins, polyolefin copolymers, ole-
fin/ester copolymers, polyesters, polycarbonates, poly-
sulfones, phenolic resins, ureic resins and mixtures
thereof. Examples of suitable polymers are polyethylene
(PE), in particular low density PE (LDPE), medium

25 density PE (MDPE), high density PE (HDPE) and linear
low density PE (LLDPE); polypropylene (PP); ethylene-
propylene rubber (EPR), in particular ethylene-
propylene copolymer (EPM) or ethylene-propylene-diene
terpolymer (EPDM); natural rubber; butyl rubber;

30 ethylene/vinyl acetate (EVA) copolymer; polystyrene;
ethylene/acrylate copolymer, in particglar
ethylene/methyl acrylate (EMA) copolymer,
ethylene/ethyl acrylate (EEAR) copolymer, ethylene/butyl
acrylate (EBA) copolymer; ethylene/a-olefin copolymer;



- 15 - -acryl onitrile-butadiene-styrene (ABS) resins; P&ko ted
pol ymers, WQ19§65%|1?7F cul ar polyvinyl chloride (PVO); poI yure ane (2E>UR)
pol yam des; aromatic pol yesters, suchsgas pol yet hyl ene terephthal ate
(PET) or 5 polybutylene terepht hal ate (PBT) and copolyners or

Preferab

mechani cal m xt y ' rs._or
copol yners a?r%rﬁ; éfﬁiﬁah‘]téﬁllglnet ﬁoé’ereone géeid %sf-"ﬁg é%gllpgﬁgarﬁ xed
with ethyhathdwpwwwm@?s, 1nrpghem&ub%huyﬁ}uﬁxnmdéchpﬁkyne?ﬂfhmne nodifLed
with 10 et hyl ene-propyl en er (EP used, the. PP/ EPR melg t
ratio beingHWi] Q%WEO?Ehg?SOF@éyﬁﬂﬁéni%&ﬂﬁpmatiBePRégﬁS§§FfB and
60/ 40, a\Mﬂéﬂﬁhré@'p099eﬁh9!bnéok@erhtH§ﬂéEbFRWETPUb@r|y preferred.
Accordlng to a further aspect of the present 15 invention, the Applicant

v

has nor eBverPOBERVEHERA, eifﬁphthal@tﬁos(s?ﬁﬂ)e' t3N%i RORRENBRTSAOYy t he _
pol ymer mat gfd@anicaWheRtheSURNRTRE tcpféfefé(kpﬁﬁs' ﬁalyb'lelf@nrnt icular in

the case of olefin polynmers, specifically polyethylene
poIypropyhaﬁleWQhSaOpréQEPéNWﬁﬁédamﬁnnﬁeQﬁ ¥Qﬂﬂ@¢t29uﬂﬁrp@hm§ef(nrn for

example VUl GANZER2bH" ShalMhOPe mixed wich oTHPlERELYroRdaRRPONderS are

formed from arti c es W th sizes of between
preferably bsﬂﬂmens3OBdundtaQ@0P@dMLmpo&ﬂpmnpxﬁﬁmgIm¢difie¢uﬁﬁamized

rubber jects. derive e Ssj 25 of tires pine

per cont &8s Gt UEBRY SPROPY Tl ABFRESS ik "k bt 8Re oV e ERTERR wei gt

;ﬁlatire113WéEQMDI?aeiotbebagebpmwéﬁx]ﬁﬁfﬁaﬁiﬁ?ysgﬁsobepweéer%ﬁHMand 50%
e pol yner teria p , ich i,s ejther u

further prod¥ ?gaﬁg ?S%ﬁgg a wel gyt %hﬂaﬁ%e % §Wgh/ n1xture

wth pomdenmklng pabbgculwrny b@efdnréwwe a r|g|d|ty such_that, once it

I s expanded, it ensures a certain ni tude of desir | npact
resi stance, so as toAﬁFBFgépgtﬁglénzgrﬁﬁﬁﬁ %ﬁp%ﬁﬁtﬂg E8BI BTESREL is to say

the | ayes ofinVent 868 €RE Applicant has moreover observed that it
is possible to mix mechanically the polymer material
which is subjected to the expansion, in particular in
the case of olefin polymers, specifically polyethylene
or polypropylene, with a predetermined amount of rubber
20 in powder form, for example vulcanized natural rubber.
Typically, these powders are formed from
particles with sizes of between 10 and 1000 pm,
preferably between 300 and 600 pm. Advantageously,
vulcanized rubber rejects derived from the processing
25 of tires may be used. The percentage of rubber in
powder form may range from 10% to 60% by weight
relative to the polymer to be expanded, preferably
between 30% and 50%.
The polymer material to be expanded, which is
30 either used without further processing or which is used
as an expandable base in a mixture with powdered
rubber, will have to have a rigidity such that, once it
is expanded, it ensures a certain magnitude of desired
impact resistance, so as to protect the inner part of

35 the cable (that is to say the layer of insulator and



- 16 - t he sem conductive |ayers which may be present) from

damage folw@vs/sfiopcci dental inpacts which may occur. In PQHEPISI2698 |
this material will have to have a sufficiently high capacity to absorb
the i npact energy, 5 so as to transnmit X® the underlying insulating |ayer
an anount of energy which is such that the insulating properties
of | t he uRderﬁtyé mpx?:iamﬂcﬁgst:ave n@yefraflwh&eﬂ mag' H@m&@@geﬂ%zﬁrm neﬂ

val ue. The reason r.this, as |, illustrated in greater detail in the
descri pti on SAASF 1%%]0‘?'7’0‘\‘7%,3?%1?%%?3 héMRAGtISc IR IMBHREGE- that in a
cabl e ‘subj egizet iy, NIRCE mat {48 QREE havebs®y ke o between the
aver age val ue d the value neasured at the point of inpact, of the

h p
peel st rengtF IR IR ngePaCit KshPaBbsg rbo dien ganpasty BRex@vus| v,
this pees styeng ol FEysher r@ésﬂﬁédulq&b%?@.nbﬂﬁﬂé?ﬁ‘éltgitﬂrd;%alt)ﬂé@;aﬁ”d the
|

outer sem conductive layer. The difference I'n this [
propor t i onatt@APgr &f @neray grlkberishsuch thapadtheerdgrsplatimgnitted to

the under | yidipdeamsley df the ﬁﬁ@eff?EnEhEBStﬁggso%@e H te%&fis?éreasur ed

between 20 the”insulati rl? l'ayer and e“outer sem conductive ayer, it
has been ev&ayarsd a muedeieeprinedtvadue. Tbeatieagoof fioys thisuf fasi ent

protection t g?&'dygg : .the differgence .in peel strength at
t he poi tr:lLt(:ilo |Ilrrpact ,lnr eq%%i\%ﬂ%@?%éiaggr I(Sigg’g \?%Slfé{lqncslqrés@%ht han
25% 10 followEhe ifpgiiatmnthéaBppbicanedhababbaepaladihat inred eri al
chosen from e ti qned .above i1s parti- ,._.cularly suitable for this
pur pose, thictsa%%a T neéjhta(?/i?fb,“B%gée BxPahsesencs i ,RRSar YRRl us at
room 30 t eledmatenr ehef arerdgs vdRbe 28AdMPhe RaaLRr dlasudfedtat thd €ast

400 MPa, neasured accor dica__? to A%:I‘I%A st apdar d D790. On the ot her hand,
since exces§E i‘%;:di“t%? » of the ReplnatyeRatsr odl the under WWHAG i ni shed

pr oduct idisffliatilny @iy s; é&véﬁt&@é&ﬁélgg 8145 @2 P YW BIg 3P
naterlaiSMh%%g'E%Fn%égd?ggéﬂegggggL@hgiigggg;tggge&%}er and the
outer semiconductive layer. The difference in this
strength is proportionately greater the greater the
impact energy transmitted to the underlying layers; in
the case where the peel strength is measured between
20 the insulating layer and the outer semiconductive
layer, it has been evaluated that the protective
coating offers a sufficient protection to the.inner
layers when the difference in peel strength at the
point of impact, relative to the average value, is less
25 than 25%. _

The Applicant has observed that a polymer
material chosen from those mentioned above is parti-
cularly suitable for this purpose, this material
having, before expansion, a flexural modulus at room

30 temperature of greater than 200 MPa, preferably of at
least 400 MPa, measured according to ASTM standard
D790. On the other hand, since excessive rigidity of
the expanded material may make the finished product
difficult to handle, it is preferred to use a polymer

35 material which has a flexural modulus at room tempera-



and

- 17 - .ture of | ess than 2000 MPa. Pol yner materials wh
particul arW@98(32193bl e for this purpose are those which hg&gﬁgﬁ 2698
expansion, a flexural nodulus at room _ ;4enperature of between 400

1800 MPa, a pol yner 5 material with a flexural nodulus at roomtenpe

of bet ween 600 a 150Q MP ul arl referred

These erxur&PrﬁD@EI %ﬁﬂ 2%8%%3@%% 8iymer %@%ﬁﬁ%q}§ﬁwQﬁ%$e%F?
material or gaythiesllarify euitthdle fot thgsobu&p@ser af¥ e HEd el &hhavi ng
different 10 noduli, mxed in a ratio such as to obtain the desired

rigidity val B@Veor befoneaesmansionr axbkhprerapompdulus @oHAPhe, which

has a flexura gm5QQQH5}éﬁ ﬁﬁyéﬂﬁgeﬂfﬁﬁb

d
nodi fied with suitable anount s of %n ['ene- propyl’ene ‘rubber (EPR),
havi ng a 45 maséyiad ofitdbautf Legong, mMuluaeapunrp@ge t@mpmur@ of

rigidity in

avai |l abl e poly
Ri bl ene FL 30 20
3364 (Uni on

pol ypr opyl en
F'mtiauﬂlgo FoENG o6 Ee mat@658bsahdviag0aiffierserflr o)

the pol d the t hi.ck th
ff Naeed naihed 12 BRRIS R et b0 PRYERINIR PR

(Mont el

The degr

| ayer wi

)

ﬁe%Wete?lblﬁdmanﬁL S00 MPa belngEﬁgg’El:L%El%f ﬁgﬁ@él‘]ﬁ% ye%hy

5eri UL o enacieic nafOLYRTOBY RIE A1 LMptEL):

outer pol yrfe'ilg(idls:@eaﬁah.,ud ef&jrsttaf@ané@etymcaborrra&ehmw cﬂblcy:cur

during the han
previously,

nd Iaylng of the cab As nenti oned

PREPYd e Wit 1%’!‘%3& mpRElHS| Phedrqat efetidian

the fol l owingspo M#RY: mdy be approgﬁiéi@glyemsﬁlﬂeawﬁw snitip e -

100

15

20

25

30

35

amounts of ethylene-propylene rubber (EPR), having a
modulus of about 100 MPa, for the purpose of lowering
its rigidity in a suitable manner.

Examples of commercially available polymer
compounds are:

low density polyethylene: Riblene FL 30
(Enichemn) ;

high density polyethylene: DGDK 3364 (Union
Carbide) ;

polypropylene: PF 814 (Montell);

polypropylene modified with EPR: Moplen
EP-S 30R, 33R and 81R (Montell); Fina-Pro 5660G, 4660G,
2660S and 3660S (Fina-Pro).

The degree of expansion of the polymer and the
thickness of the coating layer will have to be such
that they ensure, in combination with the outer polymer
sheath, resistance to typical impacts which occur
during the handling and laying of the cable.

As mentioned previously, the “degree of expan-
sion of the polymer” is determined in the following
way:

G (degree of expansion) = (do/de — 1)-100

rature

I C

15880MiRa, MY (261 y#RPE OPT i at el y

its

| ene:

(Emrrdsemﬁlexural modulhsghadlea& nyaypddqatﬁqafame DGDK

oati ng
the

ned in



- 18 - where d[err] indicates the density of the non-
expanded e sapis7and d[err] indicates the apparent density PCT/EREH0IPRy 1 or

t he expanded pol yner. The Applicant has observed that, insofar
as the 5 maintenance of the desired Fnﬂé%flresistance char ac-
teristics allows, for an equal thickness of the expanded | ayer, it is

preferable to use awhelrenmelp indicates dalhehalangity WfHhtbdegnes-of expansi ons

since, in i N ssi kl e,.t [ mer 10
mater | al | usSHPORCEA BoTaea 2R ¥ drit e vhe pafEent BnBRRYTl

wei ght of theabureshddrprtdduaxpanded polymeXhe degree of expansion is very
vari abl e, both a_functio f_the specifi | yner terial used and
as a function of thg hhﬂ?ﬁ“&&%ar&f qﬁ‘% %%%%)F%ﬁdmﬁpgﬁ'i tlnfgl%i'% A% &ffed to
use; in genpaihtenhntelded ehedldesirsX patss ot-feyiksaageel ch@rad% to 3000%

preferably from . 30%to 500% a degree of expansion of between 50% and
200% bei ng ﬁ&FﬂFG&F&rﬁ}H&WﬁuHQQ£iaﬁ?ﬁﬂ%&baﬁﬁ%ﬂgﬁﬁ??nﬁf the generally has a

closed-cel | egbhteld @ayd?, it is prdferPPlécest ubasaobgaimed that beyond a
certain degree of expansion, the capacity of the . polymrer coating to

gi ve the reRatesdal ing Beduigh degxeerefsespanfipast iSd@mcar, in has been
observed t haiikhg iROSS Rjddd; t 8{ 4 PI:HLOBMEEHLERSE lﬁﬁggnsion of
25 the polyﬁeﬁgbya%éi%taim:%?%f%ﬁ%ﬁ1€§¥?%§py of prgtec- %ﬁ n agai nst

i npact stdmympgesdadeupesd witth advantages inoterme Pifelkotdl eash@mys of the

pol ymer to e . . h LS. 1 t the Applicant has
observed Qﬁ?hgtga%égﬁrrg&lh%} %{ 'fﬁggggiﬁ%%ﬁgﬁa?ggggpédecr eases as 30 the
degree of expansi onThe deiorematcedi ietpamsicasks, very spprabilert lbptaccor di ng

to the fo"QQAQQfL%E%H%%:of tﬂ%”é%é%{}fb(£§i§%8£r%£tk%ﬁ% use&Mgmfin:
as a function of the thickness of the coating which it

15 is intended to use; in general, this degree of
expansion may range from 20% to 3000%, preferably from
30% to 500%, a degree of expansion of between 50% and
200% being particularly preferred. The expanded polymer
generally has a closed-cell structure. '

20 The Applicant has observed that beyond a
certain degree of expansion, the capacity of the
polymer coating to give the required impact strength
decreases. In particular, it has been observed that the
possibility of obtaining high degrees of expansion of

25 the polymer by maintaining a high efficacy”of protec-
tion against impacts may be correlated with the value
of the flexural modulus of the polymer to be expanded.
The reason for this is that the Applicant has observed
that the modulus of the polymer material decreases as

30 the degree of expansion of this material increases,
approximatly according to the following formula:
E2/E1=(p2/p1)

wherein:



E2 represents the flexural nodulus of the pol xmer at the %@rlgé ree
of expansi WP /2197 err]| represents the flexural modul us of £ 84 at

t he | ower degree of expansion 5 _P3grepresents the apparent density’
of the polyner at the hi gher degree OP expansi on; .and Plerr]

represents the apparent, density.of th ol r at_the | ower degree of
exBansion; B Efiﬁﬁﬁﬁngg? ¥6?x8r63|§m§5 ﬁr?éiéﬁ%xﬁ?éFmﬁﬁdaFu hef 10
about 1000 MRaghervdegskieObfi rexrp{ase;sieﬁf,ee of expansion of from25%to
100% ent ai | s_an approxi mate halvin the val ue of the fl exural

of :
modul us for PheFfREeFFRYS the %Fgﬁ%ﬁﬁlnﬁpaqlass Shhitdre o bimeki gk thexur al

nodul us MByerhaegkeee ofe eppRprdesdh to a greater degree than 15 pol yner
mat eri al s whi ch have | ow nodul us val ues, wi t hout this prejudicing the

ability & the XRRESIRPED the appaseanddemsdttsof the polymerz]r-\nfathﬁhe o
variable whigh is. |Lable to.nfluence — _the inpact strength of the cable
Is the thickﬁg éagfdggrthgfefﬁgﬁﬁ§}9§ﬁﬂq , the mnimum thickness which
i s capabpge méprsseritNothdecapppaehtSHeardly Wi ahd tpdBymer S€Sthed tO
obtain with such a coating will depend mai nly on the degree of
expansi on andOBRTrt ARIFFEexAfarXPansiedil us of this polyner. In general, the

|l i cant hagg?2 d t J:&mgﬁ . I [y, b S
Qggree of exﬁgngigﬁ?agéﬁﬁﬁchganSR{'e t ?@gﬁég@ %?E%BEQQ Rgg%ég%aégﬁE
coating it iabpuEsiBPB8 MBayeacKahighdon dlrudshe de@teenpﬁwxpaperigtnhi -
However, forakh r e+ af kN : | j.m ng o gatin erial,
t hus decreas?%\gfs,gfrl gg?htghéaggs%gigﬁ%%t%gﬁﬁéﬁkégiﬁ £%foﬁ¥lPFn% hed
product, thetha&ivibessobf thheflayeradf mocidntedfor thatmatekiwil.l

Mpact ot rengehieh FatbBLEYT WRLER Rave, 2 e f fored Fa BT RRPEARST on type,
it may therefore be expanded to a greater degree than
15 polymer materials which have low modulus values,
without this prejudicing the ability of the coating to
withstand impacts.
Another variable which is liable to influence
the impact strength of the cable is the thickness of
20 the expanded coating; the minimum thickness which is
capable of ensuring the impact strength which it is
desired to obtain with such a coating will depend
mainly on the degree of expansion and on the flexural
modulus of this polymer. In general, the Applicant has
25 observed that, for the same polymer and for the sahe
.degree of expansion, by increasing the thickness of the
expanded coating it is possible to reach higher values
of impact strength. However, for the purpose of using a
limited amount of coating material, thus decreasing
30 both the costs and the dimensions of the finished
product, the thickness of the layer of ‘expanded
material will advantageously be the minimum thickness
required to ensure the desired impact strength. In

particular, for cables of the medium tension type, it
-
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- 20 - has been observed that an expanded coating thickness of

about 2 mypd ge/ase9sal |y capable of ensuring a sufficient P@?lw&/ﬁ%@sto
the normal 1 npacts to which a cable of this type is subjected.
Preferably, the coating thick- 5 ness Wid® be greater.than 0.5 nm in
particul ar between about 1 mm and about 6 nm a thickness of between 2
nm and &aﬂnhadnuynxﬁﬁﬁemHEMéy aneénpaaded coating thfﬁknehﬁﬂdﬁant has
observed tha nﬁPSSIble

the rel ati or‘? et e he E%B?Pb‘n‘é ?ﬁlt g?%éléga?nfg%atsﬁ‘gf%e‘g{ G mat on.

expansi on 0fré§1%tmiq€rﬂfo nﬁi@rm@i:maioimﬁat:eél gbswiildh a cabilld @i flexural
nodul us val ues, such that the ess of the expanded copating is

suitably di AHsi SEE 4 su lﬁ?ﬁﬁetlBﬁeSFrﬁﬁéyde§P€éQﬂaQ%&ﬁﬂEﬂ¥ﬁ¥and of

the 15 mpdulyesofyitihe ol f@été@tenaﬁl . BNmBar HinCwadt f@llar bdtusdnesses
of the expanded coating of about 2-4 mm Such a rel ationship may be

expr essed a§qQMq(%Mﬂm and about GVW“ dé FbiFknrss of betweerntremam 20

V representg PeDAe- PRl YRBE FerretBt €rial per linear meter
of cable (nﬂfﬁ?, this volu&§¥ Ee?n & g?at|§eeto the circular rimdefined

by the m n| mm t'ﬂh%Iémhl@n‘éxlpaﬁdebséﬁﬁﬁdnghactorlrteslmnrmsrﬁ}hkﬁ t he
circul ar J&%?ln@c Fﬂfcg a 29k ﬁbiépgégﬁpﬁima%ﬁon% tHe tfédlta{ﬁ&?at' ng

(10) deflne unlpo e represents
t he apph® entsl’d@S:etwwezﬁJasUmdcé@tmg thlnekagpanaad fdley g et evf al

gilt()gcgﬁr%nt ?gdﬁé‘@% 511&513 %%Sgéﬁﬁnﬁgvrﬁak:srgsﬁhe ?" q:t I%Iar%tasnhecﬁt’ququal to:
0.03 for nawemﬂﬂus\Mléxuraﬁxhbdﬁl&s106mu§Ea,such that the).thidlof
naterials\MggggaggxgﬂéﬁEégag ga coat%ggolgpshltably dimensioned as
a function of the degree of expansion and of the
15 modulus of the polymer material, in particular for
thicknesses of the expanded cocating of about 2-4 mm.
Such a relationship may be expressed as follows:
V ¢« de 2N
where
20 V represents the volume of expanded polymer
material per linear meter of cable (m®/m), this volume
being relative to the circular rim defined by the
minimum thickness of expanded coating, corresponding to
~the circular rim (10a) of Fig. 2 for multipolar cables,
25 or to the coating (10) defined in Fig. 3 for unipolar
cables;
de represents the apparent density measured for
the expanded polymer material (kg/m®); and
N is the result of the product of the two
30 abovementioned values, which will have to be greater
than or equal to:
0.03 for materials with a modulus > 1000 MPa,
0.04 for materials with a modulus of 800-
1000 MPa,



- 21 - 0.05 for materials wth a nodul us of 400- 8
MPa, WO 98/52197() 06 for materials with a modul us < 400 I\/Pg;T/EPWONQQ
The paraneter Vis related to the thiquggs_(S) 5 of the expanded coating
by the follow ng relationship: V = [err](2R[err] S + S2)

where R err] repres e_inner I us cir rim(1Ca).
The paraneter de is éﬁ%lg tTPYﬁElﬂ argéggfalﬁm’ 9#:{ﬁothe pol yner
mat eri al by 800e MRV ous rel ati onshi p: G = (do/de - 1) 100

Based on the abovenent d rel ati onshi for an expanded coating about
2 nmin thickness, ’attédte% Bateriats géFhsécf‘!Q%’ld’fs ia)lbq%o WE®R- a di amet er

of about 22 mm Ifm:,r p@iax@é@eﬁ&veilsakélaeéhn&odléﬁér@{!ﬁcﬂégé”@é)

nodul i at roon1tenperature (M), is found that this coating wll

have to havé a%%%'ﬁﬂﬁr%‘?ﬂtmsﬁ?wtbﬁ fﬂl&’b’d@i’tg rglationshipg. 40
g/cn8 for LDPE (M gf _ab,pgé 2Q0) g2y 0.33 g/cnB for a 70/ 30 PP/ EPR
m xture (M of about %b 0.26 g/cnferr] for HDPE (M of
about 1000); where R2Gepraserits B (Mnet ahatiusldF0)khe?5

These val ues_.of ar ent sity of the expanded pol ynmer correspond to
a maxi mum dgg\rreéJ Cight &S #s1 on of about: 130% for LDPE (do =

0. 923) 8o f arhdiee PRAERRS ntet af €d (€bethk de@rd®0) 30
260%fo 350% for PP (do = 0.900).

HDPE
Siml ar (aé‘sﬂﬂ’blé’rfes%h%fp?lrﬂ“%&p‘aﬂﬂéalal bé’oé?thl%@’ﬁﬁ‘”eﬂﬂﬁjt 3 mm pl aced
on a cabl e e liad8¥risHlp : 22

G = (do/de — 1)-100
Based on the abovementioned relationship, for
an expanded coating about 2 mm in thickness, placed on

15 a circular section of cable with a diameter of about
22 mm, for various materials having different flexural
moduli at room temperature (Mf), it is found that this
coating will have to have a minimum apparent density of
about:

20 0.40 g/cm® for LDPE (Mf of about 200);

0.33 g/cm® for a 70/30 PP/EPR mixture (Mf of
about 800);

0.26 g/cm® for HDPE (Mf of about 1000);

0.20 g/cm’® for PP (Mf of about 1500).

25 These values of apparent density of the
expanded polymer correspond to a maximum degree of
expansion of about:

130% for LDPE (do = 0.923)
180% for the PP/EPR mixture (dy = 0.890)

30 ' 260% for HDPE (do = 0.945)

350% for PP (do = 0.900).
Similarly, for a thickness of the expanded

coating of about 3 mm placed on a cable of identical



di nensions, the follow ng val ues of m ni mrum appar ent densitﬁ are

obt ai ned: wo 98/52197 0.25 g/cnB for LDPE; 0. 21 R&TTEHR8/03998¢ o
the PP/EPR m xture; 5 0.17 g/cg? f or HDPE; 0.13
g/cnferr] for PP corresponding to %ﬁ&iﬂUﬂ]degree of expansi on of
about : 270% for LDPE; 10 320% for the PP/ EPR m xture;

460% f or HDREmensions, thegfoddpwinppvalues of miniypm EPRAXIBhown above
indicate th | u timze the inpact strength characteristics
of an 15 eg%gh%gﬁyggé i%%t%$n%§édeternined t hi ckness, both the

nechani cal strength @h2% agfemi sfoxsLRPEL he material (in particular its

fl exural nodul us)) a&p&ihiéde€é$§r?f eV%$E%§QQ§%QQu9L,said mat eri al should

be taken in account. erm néd by applying the

above 205 rel ationshb pl Bheued® nsr BDRBNSi dered as |liniting the scope
of the present inveq@iﬁﬂ. L, n pséticgﬁgr, t he maxi num degr ee of
expansi on of pol ymer&: Whi #hCHaveE FPF| exural nodul us val ues cl ose to the

upper |imtscofrespoiditnd nter yahaximlinnddgiee bife exyaratiom of the nunmber N

25 (that is to say 400, 800 and 1000 MPa) may in reality be even
greater tharPRP&: cal cul ated according to the above rel ationship; thus,
for exanple, a layerpphs forPEDEER about 2 mmin thickness (with M of
about 800 MPa) will still be able to provide the desired 30 i npact
protect 88n even wit B20%eEpEetBe BRYBRY BdxsMre; apout 200%

The polymer is usual}ygexpgpdggpgluring the extrusion phase; this
expansi on may either take place chem cally, by neans of addition of a

suitabl e 35 "expandi #R0% cbapoBRe; that is to say one which is

- 23 - The results shown above indicate that in order
to optimize the impact strength characteristics of an

15 expanded coating of predetermined thickness, both the
mechanical strength characteristics of the material (in
particular its flexural modulus)) and the degree of
expansion of said material should be taken in account.
However, the values determined by applying the above

20 relationship should not be considered as limiting the
scope of the present invention. In particular, the
maximum degree of expansion of polymers which have
flexural modulus values close to the upper limits of
the intervals defined for the variation of the number N

25 (that is to say 400, 800 and 1000 MPa) may in reality
be even greater than that calculated according to the
above relationship; thus, for example, a layer of
PP/EPR about 2 mm in thickness (with Mf of about
B00 MPa) will still be able to provide the desired

30 impact protection even with a degree of expansion of
about 200%.

The polymer is usually expanded during the

extrusion phase; this expansion may either take place
chemically, by means of addition of a suitable

35 “expanding” compound, that is to say one which is



capabl e of generating a gas under defined tenperature ang~ 658
condi t i onsWORS/SHJ t ake pl ace physically, by nmeans of inje€ction of gas
at high pressure directly into the_e&grusion cylinder. 5

Exanpl es of suitable chem cal "expanders” are azodi car boam de, m xtures

of organic acids (for citric acid rbonat es .and/ or

bi car bonat esCgPgP1e °fe9§ﬁ%Fét§8§iﬁmqﬁﬁxﬂTﬂﬁgtﬁ%%lneg Qemperaté%ﬁhples of

gases to be apHeptegsatrehicohdi® iowsss oy Gnajﬂtﬁakéepeat:EUph@'&le]ﬂryier are

ni trogen, car bon di_oxi de, air and Iom#b0|llnﬂ 8\F/drocarbons su as
t

propane and BYt®fans of injectliomoh, s At R1G e§ﬁé‘§?h%e&¥ ads the

| ayer of expgpggdrRel ¥RRruRB¥nCeIMaHRH ]y be of the 15 type normally
used. Materials for the outer coating whi ch may_be used are

pol yet hyl%ene (PE), |EXE@PﬂF§uP§rSU1tﬁﬁ%ﬁL@@G@h@?%y“PEPFHEPEF"éﬁ§e

hi gh-density p | V t fm
el ast oners aﬁ%ﬁﬂib@?ﬁéapﬁgg' %%ééqﬁéﬁiﬁ?féfg§%%§r§%ldghggﬁ&e%ﬁg(?IIy 20

t he pol ymer aiteitabcid)chithr varonatrs eandhent higasbonatgst | (Eax al

nmodul us of bg& §93a§§PEU%Ogﬂ§%}4§§§Ee)° 1200 MPa, preferably between

about 600 MPE an The Applicant has
observed that the prExampéesfoZSgHaesanwbehéajhctedtatbhﬁg@ t owar ds

prOVIdlﬁ the coatin e desired * ct stren %h characteri s-
tics conBFREEHER St At oY ﬂg €fnare ng 9% ar, the

Appl i cant haaaebsrarxmdxwat, hlilrs and lwtbboblingnholirvke rdaeat suahnar ds t he
I npact strength for hg¥ﬁ¥¥%?tlﬂ ckness of expanded coating, increases
as the degre PIERﬁHﬁsFBH ‘pol ymrer whi ch forms thi s expanded

coating increases. Thget birofeessive dutiér shesthewhsbhathads phef erably
g;f:;g; ;h:zagggrng%nﬁﬁpande%a%%fﬁﬂég é§§vggﬂvén?2gt§yngg prefgﬁgbly
15 type normally used. Materials for the outer coating
which may be used are polyethylene (PE), in particular
medium-density PE (MDPE) and high-density PE (HDPE),
polyvinyl chloride (PVC), mixtures of elastomers and
the like. MDPE or PVC is preferably used. Typically,
20 the polymer material which forms this outer sheath has
a flexural modulus of between about 400 and about
1200 MPa, preferably between about 600 MPa and about
1000 MPa.
The Applicant has observed that the presence of
25 the outer sheath contributes towards providing the
coating with the desired impact strength characteris-
tics, in combination with the expanded coating. In
particular, the Applicant has observed that this
contribution of the sheath towards the impact strength,
30 for the same thickness of expanded coating, increases
as the degree of expansion of the polymer which forms
this expanded coating increases. The thickness of this
outer sheath is preferably greater than 0.5 mm, in
particular between 1 and 5 mm, preferably between 2 and
35 4 mnm. '



The preparation of a cable with an inpact strength accordlﬂgpto t he

i nventi on we9sls218T i bed with reference to the cabl e strudQEPWE0EPSam of
Figure 2, i n which, however, the star-shaped spaces between the 5
cores to be coated are filled, not directd y with the . expanded pol yner
(10) but rather with a conventi onal filler; the expanded coating is

t hen extruded over tThe prepaepatipnocfssedaball &itiho arorimpaat rcular rim

(10a) S c ad i §_S i clad with
t he outer poﬁ yneré{s}kea‘?%%%?ﬁgéé gg%pgglé?f‘gggn iso?gtssﬁ%i% e %%Fes t hat
Is to say t heefasands yt@ftlhdaecablecsurlucture( d)lagimmerofsa?ﬁiglmei@,tive | ayer
(9), I nsul at.or out er copductjve l.aye 8) .a screen
(2)] i's car b AR RFBHRE | rCEReSHAE —ShEPeds BRgER SahaRihy ks

extrusi op. Hms& a0y 65e atGatb&nNare fwmed t nget Baredtd v et athehaped
spaces are fil filli material (for exanple

| e |
elastonerlcqﬁB& %ﬂ;P%iﬁ?%Fogi&gﬁgaifggFQeﬁnHlﬁ a convgnhionghically by

means of extfiusied; afhd hexpahded E6aP¥hh LBethepe@xtdhrfed Wrars tiobtain a
sem - processed |, cable wth a circular cross-section. The coating of

expanded polSAR-ROISeFEed hedblRt r tiBelosMer FAESULATY Fim 1%k erial .
Preferably, 48} ecmetaémfxgafaesgsaaaeamlel and iRarsdhadmi ey slightly

smal l er_than the final 25 dianeter of the cable wi th expanded coating, in
order 10 t®lad oitmethe| gubertpobypardsbaashdd 20he Tha mrkparation

It has been o?st?{é’e@aﬁfé‘tcofégerthg’éniéc% sagx%)ﬁté’.lé@s% 35‘ dfame e(SUCh

as spin spee t he screw, speed trusion r

t he extrudemqnﬁuﬂkarahﬁ)thenheke$emheoaducnswsnhamqnn@&kwe is one of

t he process ch_h fl Kol t .he. degree
of expan5|on ‘%ﬁ§%%§r§$j ou@gr 588 %égggggbgﬁpéF F%}e b IT%%ﬁ%rr]C,

it is diffi adtedro (4), obsan:a]rmedfbutl aat kdegned noft hex @arts)i dhjr t he
extrusi pB 33 REEy YhSahs BECLLLARLYLR hRA3L 182 G dipparticular
roped together and the star-shaped spaces are filled
with a conventional filling material (for example
elastomeric mixtures, polypropylene fibers and the
like), typically by means of extrusion of the filler
20 over the roped cores, so as to obtain a semi-processed
cable with a circular cross-section. The coating of
expanded polymer (10) is then extruded over the filling
material. Preferably, the die of the extruder head will
have a diameter slightly smaller than the final
25 diameter of the cable with expanded coating, in order
to allow the polymer to expand outside the extruder.

It has been observed that, under identical
extrusion conditions (such as spin speed of the screw,
speed of the extrusion line, diameter of the extruder

30 head and the like) the extrusion temperature is one of
the process variables which has a considerable |
influence on the degree of expansion. In general, for
extrusion temperatures below 160°C, it is difficult to
obtain a sufficient degree of expansion; the extrusion

35 temperature is preferably at least 180°C, in particular



about 200[err Usual ly, an increase in the extrusion t
correspondg"Q%P%& 19, gher degree of expansi on. ‘%@?‘%gé,g%@si t
is possible to control to some 5 extemnjgthe degree of expansion of the
pol ynmer by acting on the rate of cooling since by appropriately

| owl ' h | i f | whi ch
tshgweggandec?c{&\gnhtt ?ﬂ;}%&%{e‘et gg%ngngchgﬂrg Sle £ "R él’g%é%?b‘%"g to increase

or decrease tHdipatefeee Ocﬁoﬁﬂespdﬂdﬁstenaohlbmélsaiétm yorer .

nmenti oned, t

quantitati vé&¥Pahet Ut f ect s

nmeasuri ng
f erences bet

cabl es of t

I nner sen1conduct| /
sem conduct idawn ayrersped¢dinactpsthengobrlingd ittheahe palategr whiltlf er ence)

Ty advant agegiel Yobe SEBINAER coacBRENGENCHIC JANRIST SURL:, it

seni conduct i V& nat eri
Appl i cant haiss qimwlmliettlatimd:eeaééeots decrzéset ttéuq:)adetgmé avfy severe

| npact s ho whi ch a. %ﬁ P% ected in particular an arnored
medi um t8nsiBIPRHIY? HhyHR ?%%9088 By means of an i npact test
based on the French‘BiaﬂdﬁtﬂohBHSStBeSﬁppllcahﬂEﬁasmpbsezvéﬂwﬁmbﬁables for
hi gh-t ensi on,

t he cabl e oft

coating | ayesf ey fipact oBagucgPlaceokdiing
according to which _the force needed to be applied to 35

33-S-52,

he Applicant has observed t hat it is possible to determ ne
of an inpact on a cable coating by neans of

the p%ré&ﬁ@ﬁgtbtoist Bseiblie GRAlddHt A e&I S, séthé - 15
ween the average val ue of this peel strength and the val ue

nmeasur edSat qxteembume dAegrpacet exppapigne®dl ddie®olymgyarky AFBINgf or
| t
Vf%fynaf eeabfﬂngygsncw % (ﬁﬁ%ﬂﬁ&%i&d% an

ayer, an in at 1 ng an 20 © outer

sulat1 ng

i on | al | aws f.or

3 € oPoesBF obd (35 EeemiRe” dubn Uis el S e e

separ at e t hehfutRee L ePr ERRALRt PEethgy EpbLRo FORENg layers, dif-

15

20

25

30

35

ferences between the average value of this peel
strength and the value measured at the point of impact
being evaluated. In particular, for cables of the
medium-tension type, with a structure comprising an
inner semiconductive layer, an insulating layer and an
outer semiconductive layer, the peel strength (and the
relative difference) may advantageously be measured
between the layer of outer semiconductive material and
the insulating layer.

The Applicant has observed that the effects of
the particularly severe impacts impacts to which a
cable may be subjected, in particular an armored
medium-tension cable, may be reproduced by means of an
impact test based on the French standard HN 33-S-52,
relating to armored cables for high-tension power
transmission, which allows for an energy of impact on
the cable of about 72 joules (J).

The peel strength of the coating layer may be
measured according to the French standard HN 33-S-52,
according to which the force needed to be applied to

separate the outer semiconductive layer from the
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i nsul ating layer is nmeasured. The Applicant has observed that by

measuri ng wbigs/sgrce conti nuously, at the points at whi &Cﬁfﬁ@sf‘\%"&ct

t akes pl ace, force peaks are nmeasured which indicate a variation in the
cohesive 5 force between the two | ayers26lt was observed t hat t hese
variations are generally associated with a decrease in the insulating

capacity of jinfa@le@dtgnad.ayHie is méﬁﬁuﬁéd(ﬂwwe|Apﬁ£1@aﬂﬁ0hhsonateIy Iarger
the smal |l er t he inpact strength provi ded_ by the outer }ierln%e
(which, in CRESTHES FMathPMEATHT I it dntC GFiSFRRELRUOLS] Yy @ xpanded

coating andthe giin¥'s %Pceam)ch e SidSact tfes NB1MBE| aEbRBeObEKss force

neasured at the points | npact, relative to the average val ue
measured al 84§ meaﬂﬂﬁ?dxﬂﬂtht#ﬂﬁ#%ﬁ%ﬁw%e%a%hthﬁﬂcbﬁlBheoFOPﬁélﬁﬁbree of

15 protgct iy Jy dedRE Pk Hd ﬁ%&féwe £0a4 890obL8rved 98AQT Al ,

variations in the peel strengt up to 20-25%relative to the aver age
val ue are c&hﬁS@eW@¢na$1°nStﬁ;QuﬂﬁﬂﬁEﬂﬂ%y associated wIKB @haracteristics

of 1he expapedaal g Al {BIRH Alg 9%% £e 0l o£XPRESERA. 1 hiy. Cleess)

whi ch may antageous a suitab
protective aamamqmdquwalkﬂh&uﬁropnmtimna@g&mplaagerythe smeddeding to the

| npact prot |0n mhlch nder | yi ng
cabl e structure, efr%qs)t}be%%% (ﬁ éie?uy ﬁh é{r:ggt Ee:rgyé? of t he
speci fiTo rrat(sm'laih usneﬁ taﬁe Jaz:3:1:) acbf)rttaémlémsent semannmdnq:t apbnsistls as

har dness of t e mat er i al As it can

be appreci at Simmided }Feoejngii%ncgo%sgp{:%lf?ghea{:}}é c 2Bfe 532 he

invention i ofpaiHd Gdrirdtion ofSWHEH ot e IiPssELedonY€Bhie0palindisnor ed
cabl es, due to t he advant ageous operties of the ex anded | ymer
‘coating wit R dFRAGL 1+ FkAt Veartrﬁ)rtil{‘)@ TotRIevalype meas yEed Sﬁg‘tﬂqﬂ; not be

limted to e ABIRECIHHYs ProPRidSan Olnd€ai FRL 68T tAk Bagired! iy Cabl e
of the 15 protection provided by the protective coating. In
general, variations in the peel strength of up to
20-25% relative to the average value are considered to
be acceptable.
The characteristics of the expanded coating
20 (material, degree of expansion, thickness), which may
advantageously be used together with a suitable
protective outer polymer sheath, may be appropriately
selectedaccording to the impact protection which it is
intended to provide to the underlying cable structure,
25 and also depending on the characteristics of the
specific material used as insulator and/or
semiconductor, such as hardness of the material,
density and the like.
As it can be appreciated throughout the present
30 description, the cable of the invention is particularly
suitable to replace conventional armored cables, due to
the advantageous properties of the expanded polymer
coéting with respect to metal armoring. However, its
use should not be limited to such a specific

35 application. As a matter of fact, the cable of the

This Sheet Has Been Rep
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- 27 - venj on rmay advant ageously be enployed in all taG%8og/2698
applicati OWW #n a cabl e havi ng enhanced i npact - resi stant 98/0269

properties would be desirable. In particyhar, t he i nmpact-resistant
cabl e of. the invention nay replace 5 conventlonal unar nored cables in al

t hose applicatio on se of.  arnored cabl woul d have
been adegn{aﬁ%%%%tbﬁ? ﬂ3¥ ngﬁnﬁﬁﬁﬁﬁﬁéiy(ﬁ%ﬂﬁ?q%9¥%% in a@?aﬁﬁﬁéﬁg of txe

netal arnmorifi¥plication wherBihew idalpis! natv ity ammh@édampgcven herein-
10 below in order to describe the invention in further det a

EXAVPLE 1 resistant pyeBRgriiesnvwonlchdedasiighie exb%nﬂ%ﬁté'éa%?ﬁg
In order to gy yﬁﬁsckhgesqaeshtSkaﬁrﬂfbfﬁtﬁglﬂébeﬁ%p@ﬁdﬁsypeéymseecoatIng
according to the 1'hvention, various test pieces were prepared by
extrudlné va¢¢@ﬁ¢@tlon3ﬂhuéﬁﬁ@9§§§<ﬂahiq%w#qxﬁ%&mﬁhpﬁﬁt%PDh#FéQéOBegrees
expa er r o e f n or about
14 mmin thic %gsgxcoa eggwﬁP% a gﬁygppfﬁﬁmﬁ%g%)%g%%g%fwggggcgﬁgéctlve
material, a baanadvastmous dutamasndden |dngsmmmedbdnedtontEeR and a
further [ sem conducti ve materi a
based on EVA‘g B?g gdg&%the§%§b§ﬁ§%1 for a total core thickness
of about 22 nm 25 A few illowtdartsivey qxﬂmpﬂégd&me ¢1ivPk) hebhegh-density

it ur o101 Cepgounny BREEY 3%&1&%%%&9%@ il Y 20 o b aFOPBBEr (par il o

size of 300-8§80apm (PE-powder), PP nodified with EPR rubber (PP-EPR as
a 30 70/30 by weight mxture) were used as polyner nmaterials to be
expanded; these nate L identified in the foll owing text by the

letters A to E and apeodasehiiBedor trd Jaind lwithldgpdnbtavneagcingl e 35

In order to evaluate the impact strength of an

15 expanded polymer coating according to the invention,
various test pieces were prepared by extruding variable
thicknesses of a few polymers with various degrees of
expansion over a core composed of a multi-wire
conductor about 14 mm in thickness coated with a layer

20 of 0.5 mm of semiconductive material, a layer of 3 mm
of an insulating mixture based on EPR and a further
layer of 0.5 mm of “easy stripping” semiconductive
material based on EVA supplemented with carbon black,
for a total core thickness of about 22 mm.

25 Low density polyethylene (LDPE), high density
polyethylene (HDPE), polypropylene (PP) a 70/30 by
weight mechanical mixture of LDPE and fineiy powdered
vulcanized natural rubber (particle size of 300-600 pm)
(PE-powder), PP modified with EPR rubber (PP-EPR as a

30 70/30 by weight mixture) were used as polymer materials
to be expanded; these materials are identified in the
following text by the letters A to E and are described
in detail in the following table:

35



- 28 - Mat eri al Brand nane and manufacturer NModu

( MPa) WO 98/52197 DPE Ri bl ene FL 30 - Eni chem 260PCT/EP%¥/02698
HDPE DGDK 3364 - Uni on Car bi de 00 C PP PF 814 -
Mont el | 1600 D PP-“EPR FI NA- PRO 3660S

1250 E PE/ powder = Riblene Fl 30 The polyner was
expanded chéni cal | {Materi@l; er|Brane| yamei andt RANYLRCEUTRT MRkl ¥
conmpounds (CE)| these being identified as follows: (Mpa)Cbnpound
Brand nanme @and nmandif act urer CEl azodi-car boam de Sarfmapor PO |

Sar ma CE?  cqlli®B/| i ¢ adiRiibleédyelr BbeB0l —~CEnichemBoehr if ridfed

bi car bonat e Il ngel heim § o . $0 be gﬁﬁgnded and
theexpandin;B coE@%ﬁﬂd wer e ?%%%e%3??n tﬁél?gt éga H%’cat Tabl e
2) into an & mm - | 2P D singl ¢-BEr&m ext¥odeell (Bandera); 1606 extfuder
I s equi ppedfw th ajthr ed 10 S characteri zed |hy, depth in
the final D zone (tjp 'S:abg’ T{F]tﬁg'%gés?gﬁsgyst em consi sts g]fzio mal e

di e capabl ejef proVipdi/ b ﬁaéﬂﬂTbeléﬁ@ughpgo of the corg to be coFted
(generally wiih a dianeter whilch is about 0 5 mmgreaterd than the

di aneter of the core to 15 be coated), and a fenale die in which the

di aneter is chosgie va¥ee@nshatadRAdiniza ess than t he

di aneter of the cable s?%f?ﬂ%Pexﬁgndﬂg coat i ng; h?h J s way, the

ext ruded natartietnatdraaty @ﬂlemtwngdméerente%pasxdcmqwemlnpcmm t han
inside this &ﬁﬁd e sQughput speed of the
core to be cogt{h%gés%%%ﬁ& 48%%@%%;( guélso-rggfeﬂ ne) is set as a

function of {the dqsCempotfdckness of | Bxpaddedmeniaerd alanufadiseeerdabl ef 2).
At a distang :

E azodicarboamide 4garmapor PO - Sarma

CE2 carboxylic acid- | Hydrocerol CF 70 - Boehringer
bicarbonate Ingelheim

The polymer to be expanded and the expanding
compound were loaded (in the ratios indicated in
Table 2) into an 80 mm - 25 D single-screw extruder
(Bandera); this extruder is equipped with a threaded
10 transfer screw characterized by a depth in the final
zone of 9.6 mm. The extrusion system consists of a male
die capable of providing a smooth throughput of the
core to be coated (generally with a diameter which is
about 0.5 mm greater than the diameter of the core to
15 be coated), and a female die in which the diameter is
chosen so as to have a size about 2 mm less than the
diameter of the cable with the expanded coating; in
this way, the extruded material expands on exiting the
extrusion head rather than inside this head or inside
20 the extruder. The throughput speed of the core to be
coated (speed of the extrusion line) is set as a
function of the desired thickness of expanded material
(see Table 2). At a distance of about 500 mm from the



- 29 - extrusion head is a cooling pipe (containing col ter) in
order to sW&P83RB7%expansi on and to cool down t he extrudeHCFfﬁ:ﬂ-’}\?lvﬁl P8 The
cable is then wound on a bobbin. 5 The conposition of the
pol ymer material/ expander mxture and the extrusion condltlons (speed,
tenperature) were varled pgro rlati_% as described in Tabl e 2 bel ow.
10 Table 2:© t tFe2af@Ce PRUBRES dGRNYIITHNYI co¥&ple Materi al
+ % Extrudgiter) in ordéi)Eétéﬁdﬁrthb'@Qpansﬂﬂh and &l doPE @bwn

speed temp. ([err] O speed expander (rev/mn)
(m min) the extru@qdzmgggrlal Thg, gable is thpggy wound on a3 2
A+ 2%CEl o 190- 180 2 3 A + 29CE1L

5.5 fgb 3 4 A + 29CEL 6.8

190-180 5 Tﬁe comppsit208Eef the podymer materidkb 1.5
6 A + % C +

0. 8Y%CE? e%%%ﬁ%%r mlxéugsoand the %§§E%QQOn §°n&%tﬁqu(ﬂ§ﬁ%i%' 6.3
200 tendperatube) wer& vabi8CRPppropridtely, as desX25iBéd) in 1.8
10 B + % 8.2 225-200 2 11 D + 2%CE2
8 jTa%?‘ge-E%Obelow’ 2 : The extrusion tenperature
relates to the cylinder and extrusion head. Wen only one value is

0 el B aye FIPELSER R S W el dddLe SR oLl

di d not undRIZBL EXNIEEE PLlal PFESUTHE Yt rude PECAUSE Blr dGePE! TaWes Of | he
extruder wgs too ljow (165[err]iC), and likew se, for the same reaspn,
Sanple 5 |Namnder\@®@ tYREted expa¥@$e% (only 3WMp20(°C)  speedrhe fabl e
Coment ond! e ARt "1 (revpatently coated iy

1 A + 2%CE1l 6.4 165 3

2 A + 2%CE1l 11.8 190-180 2

3 A + 2%CEl 5.5 190-180 3

4 A + 2%CEl . 6.8 190-180 2

5 A + 2%CEl 6.4 165 1.5

6 A + 0.8%CE2 5.7 225-200 2

7 C + 0.8%CE2 3.7 200 2

8 C + 0.8%CE2 6.3 200 z

9 E + 0.8%CE2 4.9 225-200 1.8

10 B + 1.2%CE2 8.2 225-200 2

11 D + 2%CE2 8 225-200 2

{*7: The extrusion temperature relates to the cylinder

and extrusion head. When only one value is given, these
temperatures are identical. In the initial zone of the extruder,
the temperature is about 150°C.

15
Sample 1 did not undergo expansion, presumably
because the temperature of the extruder was too iow
(165°C), and likewise, for the same reason, Sample 5
underwent limited expansion (only 5%).
20 The cable with the expanded coating was then

subsequently coated with a conventional sheath of MDPE



- 30 - (CE 90 - Materie Plastiche Bresciane) of variable t hi ckness
(see Tabl ewd)ogsz19veans of conventi onal ext rusi on net hodsPCT/ER98/02698
obtai ning cable sanples with the characteristics defined in Table 3;
cable No. 1, in 5 which the polyner ha30not undergone expansi on, was
taken as conparati ve non-expanded pol ymer coating. Tabl e 3 al so gives,

for conparat (ge 90rpoasﬁertiaemastfimream@sjﬁtém W f avgabawléacking the
expanded filling d coated wi.ith only the outer sheath (cable No. 0).

10 Tabletﬁlckﬂﬁ?ﬁcﬁ§?Ps??9§eo§)tW& Feansh@t convgpiionalpegree of
Thi ckness 0fextr§§§éﬁ“metho@9 thus oPtRAMIHY @ble saméhésf?%ggng

t hi ckness he fil Ilng (% ‘
0 the characterlstlcs defimed im Table 3; rable No. 1, in 1
2 ’ 5 whicﬁ%the pﬁlymer has4g%t3undergone exp%%%}ong was 6%
5 5 taken as comparat3ve non-expanded Polymér coating35
g | 29'Table23 alsz giveg, f%% comparatigfzfurﬁ%ifs, the 23 2
2.5 charadteristflcs of a ¢é3ble lacking the ekpanded filling 2
Similar manndRd GORREE WASE PRAY SB6vEUter SRR afFARtRR Pbtymer
coatinglei th a flexural nmodul us of about 600 MPa consisting of a
Cabl & sanl clehbeeSDr Chareaterdstep o e RapEne o o

Cable Degree of Thickness of Sheath

No. expansion of the filling thickness

the filling (%) (mm) (mm)

0 - 0 3

1 0 1 3

2 31 4.3 3

3 61 1 3

4 48 2.5 3

5 5 3 3

6 35 2 2

7 52 2 2

8 ] 29 3 2.2

9 23 2.5 2

10 78 4 2

11 82 4 2

15 In a similar manner to that described above,

using an expanded polymer coating with a flexural
modulus of about 600 MPa consisting of a polypropylene
modified with about 30% of an EPR rubber, another 6
cable samples were prepared, as reported in Table 4

20 (Examples 12-17); Table 4 also gives two comparative



20

31 -

outer sheath (Exanples 16a and 17a).

coating

expansi on of

()
13

3
16
2
2

17

(Exanpl es 12-17);
WRHIPEs of cables with expanded coating but

22 4
the f9§er.shf§th %Exaqﬁifs 16a ard 17a)1.2
56

Table 4 al so gives two conparative
° at | ac iaqélams/oz@ﬁ e
_ 3 Jable 4: Characteristics of the
Cabl e Degr ee of +hickness of Sheat h No.

the filling t hi ckness . the filling (%
examplgs) of caples with expanded coating byt lacking 1.9
167

2
2 16a 56

17a 84

2
4,. . . .
Tablg 45 Characterlstéiﬁwﬁftgfe coatlng | npact strengt h

tests
cabl es prep
the cable w

aKed accor

ut on

Cable | n ¢mDdeyreeo cefval uat e t hehingkaelssstofengt Istdfatithe
th subseq of

t he i npact

and by mean
of sem cond
based on th
of i mpa
dropping a
such energy
hei ght of

V-shaped ro

iexpansiommgl e 1, | rhacfildding 10 waitel eaigs£d ¢
ehle efddlliang (%) tionmM) the danmmge. (W@ effects
WED € eVghuat ed both by neansS of visual anallys s o1 the
5 of measufing the variation in peel strength of the | ayer
LtBi ve nat ¢4l at the 15 poinf of inpact. The4 npact test [is
e krench 163t andard HN 33-S-32, which providegs g or an engrgy
ct on the ¢able of about 72 joules (J), which is obt ai ned by
P¥5kg wei ghttZérom a height of 2 27 cm For tl%e present tést,
9k i npact 20 been produceg by a 8 kg weight dropped froma

97 cm The inpact-end of the weight is provided with a
Uhéed- edge{®P nm curvature rad2us) punching

17 84 2
17a 84 2

cabl e

=

2

10

15

20

EXAMPLE 2
Impact strength tests

In order to evaluate the impact strength of the
cables prepared according to Example 1, impact tests
were carried out on the cable with subsequent evalua-
tion of the damage. The effects of the impact were
evaluated both by means of visual analysis of the cable
and by means of measuring the variation in peel
strength of the layer of semiconductive material at the
point of impact. The impact test is based on the French
standard HN 33-S-52, which provides for an energy of
(J), which is
obtained by dropping a 27 kg weight from a height of

impact on the cable of about 72 joules

27 cm. For the present test, such energy of impact has

been produced by a 8 kg'weight dropped from a height of
97 cm. The impact-end of the weight is provided with a

V-shaped rounded-edge (1 mm curvature radius) punching

head. For the purposes of the present invention, the

impact strength was evaluated on a single impact. For



head. For the purposes of the present invention, the I th
was eval angc?s}é?ll9§ singl e inpact. For PETEPS305K

- 32 - sanpl es 6-12, the test was_rgpeated a second tine at a
di stance of about 100 mmfromthe first. The peel strength was
measured according to the French standard HN 33-S-52, according to

whi ch the 5 $¥RRtehcbudd t $hse tASH WaP iTPRAMRA 1D Separdt BimMBeat a outer
sem conduct | 4L AHEE bEORMIUE MO Ifkom MR £8rst. measured. By
(0]

measuring this force continuously, rce - peaks are neasured at the
points at which the Thgapeel stgengthedasdreaswredeaccprding & the point

of inpact, 19re§ﬁiépgéhhh‘é‘(’r'a TR &S -Real V‘Bascémﬂ&dtocxgﬂfgﬁpeﬂgi g to

an increase In orce (relative'to t'he average alue) required to
separ at e 5t hefomoe| ngeded &odbe applisshdn verdénree peparétiectbese rel ative

to the avera . .F t |.ff o e I, qum, (Fnax)
15 and m ni grr'gtr-‘ﬁaf F%gﬁ%‘gg%ldtuhcéﬂ;v o (r:i (% perfa k%% atgrﬂéf) e%%(‘??g%{: PSQ r@nék %u %1(5
vari ati on i rméasupedl Byr emegismrdng Hehipoifdrad continpavslys oObkaened.

Th iation in_th | strength is th | cul at ed by det erni ni
{ne per cont aBee Pt REhBERSHT S0 21 0 iSOHeR T b e G f 67 ol BESCEmax. Fim )

and the eyenagedpesbrsigagitgite stalpiedeasat ethé opoihe 6ablifpact,(F<>),

accordin% to_the foILowLn% relatio % vari ation = 100

shi p: )
( Frax- Fridn) / §<>Positive™ Torfg, p§ ﬁs MRS | GRTBESPANELIRGr EQ 25

nmeasured at jheifperBhSeOfin MPRCIfor R afraat Dvd NEo theayPepggeval ue
nmeasured al ong_the cable, thus gives an I ndi cation of thé degree of

protection pYakPledrBRuiFed to SePATRIE iR ite lavegemerand 3ariations of

up to 20-  w,Zg3t 848~ CERHMCRA K O R ALEDIAD] £¢ 3 JE0LE PhE! X6 bl 30

val ues of the variation in the peel strength for. sanples 0-17a.
value). From the difference between the maximum (Fmax)

15 and minimum (Fmin) of the force peaks measured, the
maximum variation in the peel strength at the point of
impact is obtained.

The variation in the peel strength is thus
.calculated by determining the percentage ratio between

20 the abovementioned difference (Fmax-Fmin) and the
average peel strength value measured for the cable
(F<>), according to the following relationship:

% variation = 100 (Fmax-Fmin)/F<>
The size of the variation of this force

25 measured at the points of impact, relative to the
average value measured along the cable, thus gives an
indication of the degree of protection provided by the
expanded coating. In general, variations of up to 20-

25% are considered to be acceptable. Table 5 gives the

30 wvalues of the variation in the peel strength for

samples 0-17a.



- 33 - wolddldhfes5: % variation in the peel strength Captt/EP98/02698 t
t est 2nd test 0 62 78
1 40 - - 332- 18
- 3 27 - 4 13
' S Table %l % variation in the peel stﬂ%ngth 17
23 7 9 12 8 4
5 9 Cable 19 1st tést 15 2ng test 9.8
12.5 1 413 25 2 -
14 13 |9 16 | oz 17 814 14
12 15 2 10 18 10 _ 16 16
18 16a 3 30 s 55 17 15.5
13 17a 1 116 103 ~ As is seenlin
Table 3, fqr:sanple 1 (f%i whi ch no expansi on was obt ai ned), the
per cent age Variation in peel strength is extrenmely high; this indi¢ates
that a n- expanded 3Iyner has a decidedlyzﬁomer capacity to
absorb inpeéls than a |fYer of identical thicknéds of t he sane polyner
which is exﬁ%nded (see sanple 3, with 6196e§ganded coating). Sanple 3
shows a varjition in 10} 12he peel strength which3is slightly above the 25%
limt MalQe; the IipPt8d inpact strength prd%i8ed by the sanple may
be attributled mainly tof £hd thickness, of oAt 1 mm of the expanfled
coating, rdlldive to thE72- 3 mmthi cknesset4of the other sanples| 15
Sanmpl e 5, With an expand®@ coating thickness ofl7 3 mm has a high yal ue
of peel strergth on accloblét of 12
15 10 10
16 16 18
16a 30 55
17 15.5 13
17a 116 103
As is seen in Table 3, for sample 1 (for which
no expansion was obtained), the percentage variation in
5 peel strength is extremely high; this indicates that a
non-expanded polymer has a decidedly lower capacity to
absorb impacts than a layer of identical thickness of
the same polymer which is expanded (see sample 3, with
61% expanded coating). Sample 3 shows a variation in
10 the peel strength which is slightly above the 25% limit
value; the limited impact strength provided by the
sample may be attributed mainly to the thickness, of
only 1 mm, of the expanded coating, relative to the 2-
3 mm thicknesses of the other samples.
15 Sample 5, with an expanded coating thickness of
3 mm, has a high value of peel strength on account of
the low degree of expansion of the polymer (5%), thus
demonstrating the limited impact strength provided by a
coating with a low degree of expansion. Sample 4,
20 although having a th;cknesé of expanded material which



the | ow dre;%ree hexpanm on of the polynmer (5%, thus %@é‘?’é@“&% tlhe

limted i ength provi ded by a coating with alo

expansi on. Sanple 4, 20 al though having 3 4 t hi ckness of expanded materi al
whi ch 34 - is less than that of
sanple 5 (2.5 nm as opposed to neverthel ess has a hi gher i npact
strength, witf leSSat§éP|§ha&19ﬁm%#mp%%e$ §2r2ngRhasf opPRRsESnF&r ed wit h

21% for sanphepg, , th%%fisth%q%tﬂfg'él%iﬁﬁeiaﬁlpse’ét sereﬁgfehgh%t%egfee of

expansi on affords a higher inpact stren conpari ng
sanpl e 13 mn@hvéaﬁpté0951n1thQ;peels%@neMQﬁhamflh@%eagapamedhuldagree of
PO or 218 f0r SBANETS ([HABA deddddtzal Pho! PRESBIRL! RigNgss Of

10 the Iayer of “expan eat entails an
i ncreasedn hhghenrpdegrster efgtexpEnsien affendsi aghfgbengimparmtl6- 17%t o
10% of varlagtg @hthe peel strength). This trend is confirnmed by
conparing nﬁle 16 with sanple 17. However, by conparing sanples 15
16a and 17a (mnthoutBgutempﬂrxﬁdﬂsamﬁieth@ WﬁsneshhpEe 15,samplies 16 and
17, it may be _seep how the contributi ed b the outer sheath

towards the PRF3chOV anpﬁ&ﬁﬁﬁﬁ§ﬁ1ﬁquﬁk%§%§9g§e g 8§§ BEi8P efp&ksi on

i ncreases. 2Polymer (from RRAMRYE B1%), foPache Sé&mB0tHieRABaLI $FN test
with ar Cabl e no. 10 has been tested versus a

red ca
convent i BFHEPXErCSSI@xHQPQﬁQKQa%?F%%}lﬁﬁdtﬂg bBe PHpgEt sbeashgt h

ef ficiency oéntaelgxaanda@x@%agé rigu thelfmeéct strdh§tAr Ber gfecabl e has the
sane core as cable no. mul ti-wire conductor about 14 mmin

t hi ckness COEBAPEd(ﬂPﬂﬁgaﬂﬁﬂﬂﬂlﬁﬁlzﬁEi?nﬁQﬁ QEnYephdtiéenvénighemateri al |
a layer of SplE OGegangRsy!.Akis Wi &s coRfPifle@ b BofiBdrinkr t her

| ayer of 0.5 mm of
sample 16 w1th sample 17. However, by comparing samples

15 1l6a and 17a (without outer sheath) with the respective
samples 16 and 17, it may be seen how the contribution
provided by the outer sheath towards the impact
protection increases as the degree of expansion
increases.

20

EXAMPLE 3

Impact strength comparison test with armored cable

Cable no. 10 has been tested versus a

conventional armored cable, in order to verify the

25 impact strength efficiency of the expanded coating
layer.
The armored cable has the same core as cable no. 10
(i.e. a multi-wire conductor about 14 mm in thickness
coated with a layer of 0.5 mm of semiconductive

30 material, a layer of 3 mm of an insulating mixture
based on EPR and a further layer of 0.5 mm of “easy
stripping” semiconductive material based on EVA
supplemented with carbon black, for a'total core
thickness of about 22 mm). Said core is encircled, from

35 the inside towards the outside of the cable by:



stri ppi ng" wigsi/eeeduct i ve material based on EVA suppl enemrcarkepssiokess

carbon bl ack, for a total core t hi ckness of about 22 mm). Said core is
encircled, from35 the inside towards-tB6 eutside of the cable by:
- 35 - a) a layer of rubber-based filling material of about 0.6

mm thi cknessz) a 1Bye# %&e%%u@r%\égéaﬁbpﬂn&-rﬁamwhcmeasbué c) 2
arnmoring steel tapeS of about 0.5 nmthickness™ 5 each; ) an outer
sheath of MDPE Bf 6amButhi chmessiickness. For the conparison test, a

dynam ¢ machjne,o : K | J i "ot nod. 6758) has
been enp?gygd;h%aghsgfspg?!fggggﬂﬁg% Q%AM§2E$§§€§%E ; by 10 dropping
a 11 kg wei ghi 2rammarhsggistesfl 3Gpes (ehalput 0.5 npmcthotkaksest 54 joul e)
and 20 cgl(energx hnpact of about 21 joule), respectively; the weight
is provided At ts i npacting end with a sem spheric head of about

10 mm r adi usd) 18n Jheereshekitihg cdeMbRmtdHalfut & mabtesckiesbown in

figg. 4 and %5 cm.and _20 hei ght, resp ctivelﬁa, .__Wherejn the cable
accor di ng toé? egpﬁvgﬂwpgﬁlﬁgn %eﬁﬁﬂﬂ§x§2ﬂfmﬁ? ghiggi e Ph@ convent i ona
arnored cablefallihg wedgbated ywwie NOBAST0 mode 6rS®y "RAs0Begh the core has
been neasured in orde& to evalute the danmages of the cable structure.
As a mat 8- BYe‘Flac_ Y’ohisﬁlrrér °(feft(?_rsrﬁft G Rfen (rarried out, by
sen100nd@ct|agopp§ﬁbahlng-&gmway@mﬂ|fgbmﬂg%ﬂg1gg@ SBr$0 cm kég@gé to cause
electric defects in the insulating_ 25 properties of the cable. T g results
are reportedippact of gBbeug 54 joule) and 20 cm (energy impact of
about 21 joule), respectively; the weight is provided
at its impacting end with a semispheric head of about
10 mm radius.
15 The resulting deformation of the cables is shown in
figg. 4 and 5 (50 cm and 20 height, respectively),
wherein the cable according to the invention is
indicated with a), while the conventional armored cable
is indicated with b).
20 The deformation of the core has been measured, in order
to evalute the damages of the cable structure. As a
matter of fact, higher deformations of the
semiconductive-insulating-semicondutive sheath are more
likely to cause electric defects in the insulating
25 properties of the cable. The results are reported in
table 6



Tabl e 6: % reduction of the thickness of the seﬂgﬁ@@g& ve

Iayer aft &¥O PRt I n conventi onal
10 arnmored cabl_eyg 50 cm hei ght 41%
26. 5% i mpact 20 Cﬂ]hEIght 4.4% - 2. 9%
I npact pparent fromthe results re orted intable 5 6,
the cable of T#RES ﬁ\?éntrl Gﬁl Qeﬁcl)etrp%e‘ikﬂ%?k?%ﬁc?g thetrength
per f or mancesséf@Bondaery et ilaAr aerm:?dmpa@@bl e. 1. A
power transgissian cahle canprising a)_a copductor: 5 b) at
| east one ljayer of conpact insyl a¥®ngorvaptagnal | deefallsumd + HO sdi d
conductor; jand c) a coating nagde-of jexpgnded pol ymer naterial pl3gced
around the jsaid conpact jinsulatling coating, wherein said pol yner
mat eri al hasS@redeheighted 10 [and a préddt er mi ned 26.5%

impact

20 cm height 4.4% 2.9%

impact

As apparent from the results reported in table
5 6, the cable of the invention shows even better impact
strength performances than a conventional armored

cable.



degree of %gp SO as to inpart 2. The cabl e as qicEing®E0bévs
claiml mhereln e coating of expanded polyner material is obtained

froma 15 polyner nmaterial which, beforesgxpansien—has a _____ flexura

nodul us at room tenperat ure, neasured accqu ndard D790,
of at |east 3%%#)@ 3. The cable as cl ,WH Mﬁm’, wherein the
said fle nodul us i s between 400 MPa and* 1800t

2 20 4. The cable as clainmed in claim?2, wherein the said fl exural
nodul us i s between 600 MPa and 1500 MPa. 5. The cable as clainmed in
claim 1, whereiln thegower deganemitsevpacable eongaiikirag ynmer material is
from about 20%to about 3000% 25 6. The cable as clained in claim
1, wherein tha) a ¢wngheetot;expansion of said polyner material is from
about 30%to about 500% 7 The cable as clainmed in claim1l, wherein

t he dsgrem)ofatemtoaneflayéd peEl wampatat eralldtsind omadiadout 50%
to about 200% B cabl e as claufed I n any one of the
precedi ng p%ﬂ?ﬁ#ﬁ?ﬁPYEp7thﬁh§Pé ncPﬁggﬁ%Qf ic &t ng of expanded

pol ymer naterlal has a t hi ckn ss . The cable as clained

in any one of $heé FRkHrAgnage ﬁ%‘pfnfj@d? p%%’é‘l'ee‘? AR 3 PE3%8Png of

expanded é%ﬂﬁﬂ&”tm@l§éié|cBﬂﬁaéttHh%&Q%%idg dJivean, 1 and 6 mMm
10. The cable as clainmed in any one of the preceding

wherein said polymer material has predetermined
10 mechanical strength properties and a predetermined
degree of expansion so as to impart impact resistant

properties to said cable.

2. The cable as claimed in claim 1 wherein the
coating of expanded polymer material is obtained from a
15 polymer material which, before expansion, has a
flexural modulus at room temperature, measured
according to ASTM standard D790, of at least 200 MPa.

3. The cable as claimed in claim 1, wherein the said
flexural modulus is between 400 MPa and 1800 MPa.

20 4. The cable as claimed in claim 1, wherein the said
flexural modulus is between 600 MPa and 1500 MPa.

5. The cable as claimed in claim 1, wherein the
degree of expansion of said polymer material is from
about 20% to about 3000%.

25 6. The cable as claimed in claim 1, wherein the
degree of expansion of said polymer material is from
about 30% to about 500%.

7. The cable as claimed in claim 1, wherein the
degree of expansion of said polymer material is from
30 about 50% to about 200%.
. \
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x,

clains 1 to 7, wherein—+ ating of expanded pol Lal
has a thi WheKR1%T lﬂln’m 10 11. The cable é’?{&%s}r?gékl n
claim1l, wherein tdnmmmrl““ml) ded polynmer material is chosen from

pol yet hyl ene (PB), ¢l ow densSity PE {LDPE), nedium density PE ( MDPE)

hi gh density PE (HDPE) and l|inear |ow density PE (LLDPE); pol ypropyl ene
(PP): ethyl en&-p&f@l@@? udBefrlasmedEpR) angt IPfiee i grivh\ReeReHRB| yrer
(EPM, ethyl - I s-di:en erspal ; : rubber;
butyl r ubberc;q%glt%syllen‘gc/; \?P%y‘lgﬂgggégt gh%ﬁ%q%%%(}iwf é}?%ﬁ%?yr ene;

et hyl ene/ acipdlame xoptgnial has at hplickeesst 0 Oad yimat e (EMA) copol yner,
20 ethylene/ethyl acrylate (EEA) copol yner, ethylene/butyl acryl ate
(EBA) copol ymér.; Thehydainke aasl elanmedpdny @y, one of the preceding

acrylonigril g- i -styr . ABS) _resi:ns; | pol yner,

ol yvi myt cIERE % AU PafOEe i bhe SHIY it AN expaddfa D VT

pol yester, mpallystdry matcelbalt baspht hhliakaesSBEDL hedwdrn yl ened t @rmapht hal at e
(PBT); and copol yners or nechani cal m xtures thereof. 12. The

cabl e as cl aillfed The ctable laswbdacmed: ie sayd one ofkpdrelgpremdgimg materi al

I's a pol yol ef.in_polyner or copol ymer _hased qn PE and/or_PP. . 30 13.
The cabl o aC YAl T bt atReTELBnEhg, §ate CORTARE S BRRRE Dol yrrer
material is pdlgmemiiterpol yheE ar thicknepe wiebdiasssth @ Hid andwel PP
nodi fied with ethyl ene- propyl ene rubber. 14. The cable

as claiped i nicl ane lcablWessi alhhifedaiith claireXpandsskqial W s@igrial is
' er (EPF\gﬁethe

A R T R MR
(PE), low density PE (LDPE), medium density PE (MDPE),
high density PE (HDPE} and linear low density PE
(LLDPE) ; polypropylene (PP); ethylene-propylene rubber

15 (EPR), ethylene-propylene copolymer (EPM), ethylene-
propylene-diene terpolymer (EPDM):; natural rubber;
butyl rubber; ethylene/vinyl acetate (EVA) copolymer;
polystyrene; ethylene/acrylate copolymer,
ethylene/methyl acrylate (EMA) copolymer,

20 ethylene/ethyl acrylate (EEA) copolymer, ethylene/butyl
acrylate (EBA) copolymer; ethylene/a-olefin copolymer;
acrylonitrile-butadiene-styrene (ABS) resins; halogena-
ted polymer, polyvinyl chloride (PVC); polyurethane
(PUR); polyamide; aromatic polyester, ﬁolyethylene

25 terephthalate (PET), polybutylene terephthalate (PBT):

and copolymers or mechanical mixtures thereof.

12. The cable as claimed in claim 1, wherein the said
expanded polymer material is a polyolefin polymer or
copolymer based on PE and/or PP.

30 13. The cable as claimed in claim 1, wherein the said
expanded polymer material is a polyolefin polymer or
copolymer based on PE and/or PP modified with ethylene-

propylene rubber.



5 15. Th (Pfhl}‘g 14, wherein the said pciiitokiobsos
wei ght ratlwo I'S wemmlwﬂmi"ﬂ E’Eﬂﬂd 16. The cable as clained in
claim 14, wherein the*sawd L melght-ratlo i s about 70/ 30. 17.
The cable as clained in cIa|n112 wherein the said 10 polyolefin polymer

or copol ynmer baged 19y R/ 0§ V\gfalmeda %Ocq(&'ltn@'lr?is gll'g{zg?ﬂ ef R negl; gmount

of wvul cani zed rubber 1 n po form Th as clalned I n
claim 17, wh@ﬂﬂa¢4ﬁﬁaPOlymﬁ%mm@éeﬁiﬁédlén@@dwnmbnmﬂﬁnﬁnmnﬁiﬁubber in

powder 15 fonipy S | n anﬁ'por:ﬁﬁfgngo%hgketrhgEW)ghtthq éﬁ% v{elqrét 19.

The cabl e as clal the prece

wher ei n saldr@amqahﬁxqg|bﬂﬁwewmo&0é10 and B6l/\bder sheath 20. The
cable as clainmed in claim19, wherein the said 20 sheath is in cont act
with the ai diéxpdidecgimle nes claimedtiingclaim 12]. wHeerekiablthaéssg£iai ned

' f
than 0.5 mm 2R/EPR S 2arsd6s? s%%%ﬁ%%sm%fé%)‘%“mﬁegﬁf‘%é;
f b 0
for 1 mparti ng oipallS STEGUS (SraiBetern cLalfy o mingzsin i, SHA ch

conpri ses PP/EP@Awémghﬁﬁﬁ&mmbaﬁschbbﬁtd7nv3©Laln123, whi ch al so 30
conprises coating the said expanded coating with an out er pol ymer

sheat h. 17. The cable as claimed in claim 12, wherein the said
10 polyolefin polymer or copolymer based on PE and/or PP
also contains a predetermined amount of vulcanized

rubber in powder form.

18. The cable as claimed in claim 17, wherein the
predetermined amount of wvulcanized rubber in powder

15 form is between 10% and 60% of the weight of polymer.

19. The cable as claimed in any one of the preceding
claims 1 to 18, wherein said cable comprises an outer

polymer sheath.

20. The cable as claimed in claim 19, wherein the said
20 sheath is in contact with the said expanded polymer

coating.

21. The cable as claimed in claim 19 or 20, wherein

the said sheath has a thickness of greater than 0.5 mm.

22. The cable as claimed in claim 19 or 20, wherein

25 the said sheath has a thickness of between 1 and 5 mm.

23. A method for imparting impact strength to a power
transmission cable, which comprises coating the said

cable with a coating of expanded polymer material.

24. The method as claimed in claim 23, which also
30 comprises coating the said expénded coating with an

outer polymer sheath.

.\_
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25. Use of nded pol ial for inparting | yiAEsoskERNIt h
to a powe?’VQ? slillmulﬂ "Il ‘IE 26. A nmethod for evaluating the inpact
strength of a -l ggst one insulating coating, which
5 consists in a) neasurlng the average peel strength of the said

I nsul ating | r; ) n .
predeterninegﬁﬁ US Syag T%thﬁg% ﬁégy%lrm)%ﬁ %%glfégpgﬁ%?gkéPgthe sai d
i nsul ating impé@we$tnengbh poi at powermacirismission d¢albhecki ng that the

di fference between the average peel strength and the peel strength

measured at tZ3&. A m@bhod ﬁbriﬁpaahakidgarhéf&mpacmrsﬂséﬂgnhned wal ue. 15
27. The nmethod as clained.in i I n which the eel strg % his
measur ed bet t%%mPﬁ}Eﬁnafat ePﬁ§uR¥ﬁlﬁf§ﬁkﬂ§+ﬁﬁaﬁ% Yh%grav r out er
sem - § cpsheisve €gating. 28. The nmethod as clained in claim 27,
in which the 20 difference between the average peel strength and that

measured at the) ppéasupingmeaet averades gdedn A5fength of the said

insulating layer:

b) subjecting the cable to an impact of predetermined

enerqgy;

10 c) measuring the peel strength of the said insulating

layer at the point of impact:

d) checking that the difference between the average
peel strength and the peel strength measured at the

point of impact is less than a predetermined value.

15 27. The method as claimed in claim 26, in which the
peel strength is measured between the layer of
insulating coating and the layer of outer semi-

conductive coating.

28. The method as claimed in claim 27, in which the
20 difference between the average peel strength and that
measured at the point of impact is less than 25%.



