; e3e} H zDDEDF4GHEHTHI S[ GAD 00/ 49626 . ~~KO~a~ 5 10 15 20 25 30 A cable, a
nmet hod df constructing a cable, a i abl e The present invention
rel ates tWOD0M8A6e with at | east mmmmwe havi ng t hr RET/BKOK§9069
conducting |l ayers which are nutual separated by isolating layers, where
sai d conducting layers include electri conductors which are arranged
helically with predeterm ned pitch angles, and in particular to an
electrical cable with reduced AC | oss. Wen using electrical power cables
it is genefalddplfesia ditiehed obt SPRSASUFEW BoReCA ISy ANP0dS? bPE. 2Cabl es
adapted toc-hgye | ow | osses are known fromthe prior art. The prior art

di scl oses AC cables with at | east one cable core having a nunber of
conduct i ng-frayers, ~whi-Ch~are ~muraarry-separatred by rSorarrAag-rayers. The
conducting layers are normally forned by electrical conductors, which are
arranged helically with predeterm ned pitch angles. The innernost conductor

whi ch nmay B&eofPL{fftcondUert hgn maedates i ndr faPly Wit 2pi A8RSY ar ound

a central LoeMeEapng hRrRbYLAPIAG anseRdUst  RGreayesndibdkevg Seaykhe ot her
conducting | ayers which naﬁhalso be of superconducting nmaterial are

normal |y w¥i&hs sl Pytar bhhdSERaTrEERativh gt A I AdhpYRESt 0 VEEBSr at e t he

conduct i ng shayer onfue tiughen agle reondueiivege | ayecs riequl r edndepends on the
desired use_qf the cable and i

n.the rrent .carrying capabiljty of the
L apes. usedWHIE CRFF et ST DG Hdtuotht e TRt sha 1§71t ho
wi ndi ngo pi ta¢lk@es,t hendayer padticulde ltayesn 3% llkitekress, cavlet Reth
resistivity of the Iaﬁgrs of the conductors, as the inductance between the
| ayers dep&f@Yce8UBSTIPSPE SHEET (RULE 26) WD 001 49626 2 PCT/ DKOO/ 00069
on the winding pitches. According to the prior art pitches are therefore

varied from/layer to layer in .a given way. a resylt the curre h\MII
di stribut e MASTe IR y TRGEET Ahe FOMRIuG AR Soay drts o uIGERES il 5
reduced ACdeasisedlWDDGLIRAGD ai JeIWwwgriver Qaldse awl o s ieart.r @abdalsr i er
body arpund i.ch, ele tricai conductors_are_arranged helically w.th
pr edet b7 i MSIFHAT L ST 6 197t OF 855t 2 fr Ggow toom Lhe pRick el
The prior art discloses AC cables with at least one cable
core having a number of conducting layers, which are
mutually separated by isolating layers. The conducting
layers are normally formed by electrical conductors,
20  which are arranged helically with predetermined pitch

angles.

The innermost conductor which may be of superconducting
material is normally wound spirally around a central
25 former and hereby forms a conducting layer. Likewise, the
other conducting layers which may also be of
superconducting material are normally wound spirally
around the 1isolating layers adapted to separate the
conducting layers. The number of conducting layers
30 required depends on the desired use of the cable and on

the current carrying capability of the tapes used.

The current distribution between the layers depends on
the winding pitches, the layer radii, the layer
35 thickness, and the resistivity of the layers of the

UMMM~ suesTiruTe sHeeT (RuLE 26)
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conductors, as the inductance between the layers depends




10 conductor positions. The pitch angles of the conductors in the X
i ndi vi dual conductor positions are selected such that they either increase
or decreasso bouesteps from position to position between a fpcsbkeabesey of the
radi al innernost conductor position and a second val ue of the 15 radi al
out er nbst conduct or position. Even though the AC cables according to the
prior art are found to be useful, they have the drawback that quite |arge
variations of the winding pitches are required in 20 order to obtain an
equal curregh digeribuhd R ENREPDr evcddr PAet itee, thie | prabtfigptt to
produce cables wth these arge variations_in pitches. The object of the

i nvention i Bitehproikfe Bherelesd| ¥ardeag t FreBwlAEELosC ahdYRRiI i o¥er cone
L he di Sgﬁva@_ti@ﬁﬁs v&ry.tb% si at@sglittlaaeard#rq@b]_ |t63~hil'|'lhi<§i@bi'ﬂ§1ité 313@@@! eved
y a cable wit t ast one c e cor aving three or nore conducting

| ayers mhicﬁqﬁéliﬁe %ﬁ%ﬂ&ﬁpy §$§hréi YD 2t 3YRET ayEFSul Y e S d
conducting hawaesd Acl udesekectrical conductors which are arranged
helically with predeterm ned pitch angles, in which said predefined pitch
angles increase in steps fromlayer to |layer fromthe radial innernost
conducti ng layer/38706 adscnbeesedi aableoRduht angehayel tacated bedween the
radi al 1 nnernost cogdu tin% kaier and hhe radi al SUBSTITUéEHS?EETIERULE 26)
WO 00/ 49626 2PEFREKHB168084 S 6 LaEnGSPINGhAREL PR PLAYBPYISHNASSAFRLLY

predefined Riitteh IGIRS er@itBicd Syitiont izaldeconst andt or 1gdesteagkred steps
fromlayer to |layer from.,aid internmediate conducti | ayer tq the radia
outor moll cGRASEEERS IR opsor BIS PhEHBnagenses T stot baPPOHERFTE he
Current in time tabl endhdidias aon@dutbromosfi ttibeasAGHeossebected heuchbl e is
obt ai ned. F%rther na cabl{t Q@vh@gﬂh;ss va&iatéonsagé LQ?‘QHE gngfgg%ches
conpared to @ggleg of the prior "AtEG can bg obtathed:” THISHs 6f “T'nt er est
as stronglypestiyiiog ict gvesi Hiead Heo-vdiechif ex efittat thbuenbfcoher astiah of the
different | rs ring c - do f e | e r r, |1 _wvarjation of
t he pitches%%éaﬁggéﬁté?qéggﬁé}rgogégigﬁbﬁggﬁ§itEggéﬁgegﬁﬂﬂarP%e%é i cial
mechani tal IBadimdpenttieesiost thedosbbe. pPhetinventi on i s based on the fact
that the equations to be solved in order to design a cable of the
abovenenti oned type having reduced AC | osses have been found 20 to be very
conpl ex and Eyamndthcdyghs diheech@nedlylé € ad ¢ gordheg efuathensrincl adé are
plural ity ofedaupl ed BRr aMBLALS MeKLYO HdVR: sYRLeW AL AIGU tndo §ahye.
when varying one paraneter, one or nbore other paranmeters may al SO be
af f ect ed. 99si VRF 2 SianA | ¢ elihrodéndinge Ridictdom s bBetweERdséhe
par amet ghs caydie expl ai Bedaend. ihe idguct ancedrefound ke deckeaae as the
radius of a conducting |ayer is increased, and the self-inductance of a
conducti ng ITydhaErEasesPasPEMet Prech idnghé i ALFEBSRLL 15 cRBEPEECROt
contai ni Ng SURAGORNAUEH! ¢hese3d ahd¥ekakesitsbarcenabs@cpkays a role. In
practice it has been found that a honbgenous current distribution can be
obt ai ned over the cross section of a cable of the abovenentioned type when
desi gni ng t hew<Cabbgeaecarditige t oniBRtiAMEN!d OFy apdvhaeeh tA€ cable

above-nenti oned advant ages are 35 obt ai ned. ,
25 with low AC~loss and which overcome the disadvantages of

i.e.

the state of the art cables.

This object 1is achieved by a cable with at least one
cable core having three or more conducting layers which
30 are mutually separated by isolating layers, where said
conducting layers include electrical conductors which are
arranged helically with predetermined pitch angles, in
which said predefined pitch angles increase in steps from
layer to layer from the radial innermost conducting layer
35 to an intermediate conducting layer located between the

radial innermost conducting layer and the radial

SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) WO 001 49626 4 PCT/ DKOO/ 00069 The object of the
i nvention can al so be achieved by a cable in which: at |east one of said

i sol ati ngYPAY&636 has a t hi ckness different fromthe thi ckREIPKN/08969| east
one of the 5 other isolating |layers, at |east one of said conducting

| ayers has a thickness different fromthe thickness of at |east one of the
ot her conducting |ayers, at |east one3of said isolating | ayers includes 10
material which is different fromthe material of at |east one of the other

i sol ating bayemmpsar catdlietsng one yofr saaddcosaudt ipmpdeafiared | paitates

Conauct | ng Fyass telteing SRl Rt s TRhEARL Bl Bbcitse AR sterront in |
t he cabl e dmdmit hhayarret@ctiageroffndm A@lbossmsemred:tmte:akrloadmstahtgal ned.
Even though ; oF +han r*&%ll%(i”%hrt%kt%‘éth%‘r&%c% E' ngl, S’t ogf the

al
above- ment i 6 e% cRaract érrstic mor e CRaradteristics can be
conbi ned. Hereby, an increased degree of freedom when deS|gn|ng a cabl e of

the above- %%Q%P eqatﬂéﬁoﬁfngﬁéaﬁﬂg@r ?ﬁt&@ﬁ %%SH£ alnegP%EPOH

di stribution of ‘the curre can y varylng one or
nmor e addi t icaidle mm@nﬁhQﬁfﬁ pelycteion roaddiei B8 Losgasyiing thise calbdei ng

pitches, the UlGleas Oyl el S0ballapa d ayarmg gL Nugknges oAl Lhe

conducti ng Iayers the materia the |so ating layers may be vari ed,
and/ or t he tiegt éﬂnﬁlrtg p heckkendaerpagedayer §atd3esbeaﬁ/athedprAsra arésul t |

th t h : f
e vajpa k9H¥kﬂ%e ot 11 anlcéfﬁ$§ £s 8?”19@FE§%HCSQ @Q?%%%th%%kgg

i nprovenment o properties o € cable is°0
preferred @irsdiarentead F@a@@féﬁéeﬁﬁl§éidhaﬁm%ﬁ|¢gpﬁﬁﬁ¢%y@msofst$h|cker

than the radigle Qufery éﬁd&$¥h§eb&8PD&6WHgoEs?h@tb%%l'ay%&&th%& anot her
preferred SUBSTITUTE S EET (RULE WO 00/ 49626 PCT/ DKOO/ 00069 5
small variation of the pitches between the layers 1is
desirable as these result in Dbeneficial mechanical

15 properties of the cable.

The invention is based on the fact that the equations to
be solved in order to design a cable of the above-
mentioned type having reduced AC losses have been found
20 to be very complex and cannot be solved analytically. The
equations include a plurality of coupled parameters
making the system difficult to solve, i.e. when varying
one parameter, one or more other parameters may also be
affected. When using a simplified model, the relation
25 Dbetween some parameters can be explained e.g. the
inductance 1is found to decrease as the radius of a
conducting layer is increased, and the self-inductance of
a conducting layer increases as the pitch angle
increases. In cables not containing superconductors,
30 layer resistance also plays a role. In practice it has
been found that a homogenous current distribution can be
obtained over the cross section of a cable of the above-
mentioned type when designing the cable according to the

invention, and hereby the above-mentioned advantages are
35 obtained.

SUBSTITUTE SHEET (RULE 26)



enbodi nent at | east one of said conducting layers is thicker than the
radi al outernost of the neighbouring conducting |ayers. 5 In accordance
with a fuwiowreesbodi ment said thickness of said isolati ngpdyreooeddd/ or
sai d conducting | ayers decrease in steps fromlayer to | ayer between a
first value of the radial innernost isolating |ayer and a second val ue of
the radial outernost isolating layer. #0 In a preferred enbodi nent, the
resistivity of the conducting |ayer material increases in steps fromlayer

to layer frofa achfest il uenhof ihbentadnalcdmngl sBsbeconchicdvey bayer to a
second val ue of the radial 15 outernost conducting layer, i.e. the
i nvention cGAP JJééH”FHLnon-superconducting cables. In another preferred

eLrbodi ment o hat &@ia@tCjSdaUC‘%@@aidﬂCiQGB§BSM@ela9éﬁéluﬁhlsng rmiieﬂdr@ls,s i.e. |
the invention 2Q _can be used jn superconducting cahl es. For ex e, sai
super-conductpﬁgfﬁﬁFQ i 9% h?%hggicgﬁﬁéF-éﬁgdﬁEtaﬁﬁs&aﬁgr?aP?

invention al sethelrateslbeiagnebhedspf producing a 25 cable of the
above-nmenti one ype. The present, inventiaqn fyrther rel ates . t.o.the use of a
cabl e accor'i ﬁ‘g tEL(‘?‘ELt'SIjie onfy &t isﬁdaézoéldblﬁkéf’gc;ﬁly@.r%@afhéa M SShvent i on
wi Il now be deserfiebedtrnoimnf uthy whiilkkheker enteat o ltdaestdréane ngs, ghe whi ch
Figure 1 shows % sche tiﬁ.crois section view of the current carrying part
of a cable acC6PEEnGOPEFHA Hr18YS58  art, SUBSTI TUTE SHEET (RULE 26] WD
00/ 49626 PGI/ BKO0/1G34G9 6ord gus® 2shlidustisatiesiagf i NetyeembodimeEnidesf t he

current .carrying part of a.cable accordi 0 the invention,, Figure 3
illust zgt es amgg(%ﬁ&tler%%lﬁ%ﬁtg 6?1 f%ereclﬁ‘?réﬁ?mS%ggr r@?%egrlpda]rto f agc cabl e
accordi ng to tleesitnweet bdnthEi gther4isblastingt ésyarshi od enbodi nent of the
current carJying rt_ . of cable accoydin o..t.he i nventi.on,. Q Figure
5 illustrates a?heﬁ%ar%i né)%ﬁ t ch and the Cpcg}(%:%talr{l eqoaf%a{‘lsconldl?c]tqléi:esl n a
conducting | ayertegfiadn efhgstlyi tal dedfbeentGerfercal | §he i narsrdesi pdblad t o
obtain as l0W1%%@%rol%f%fa%h%509ﬁ§§'Qhﬁdh@t§h§05588§g.cables’ e.g. when the
cable is used as an power cabl e, €.g. an underground cable, or an

over hedd® power line, e.g. as power lines for electrically driving vehicles

such as traifsehy, a homogenous distribution of the current in the
cable and thus a reduction of the AC losses in the cable

is obtained. Even though a cable can be constructed
having a single of the above-mentioned characteristics,

20 two or more characteristics can be combined. Hereby, an
increased degree of freedom when designing a cable of the
above-mentioned type is obtained, as the desired
homogenous distribution of the current in the cable can

be obtained by varying one or more additional parameters,

25 i.e. in addition to varying the winding pitches, the
thickness of the isolating layers, the thickness of the
conducting layers, the material of the isoclating layers

may be varied, and/or the material of the conducting
layers may be varied. As a result, the variation in

30 winding pitches can be reduced whereby further
improvement of the mechanical properties of the cable is

obtained.

In a preferred embodiment at least one of said isolating
35 layers 1is thicker than the radial outermost of the

neighbouring isolating 1layers. In another preferred

SUBSTITUTE SHEET (RULE 26)



20 The prior art discloses cables with at | east one cable core having a
nufrber of conducting layers which are nutually separated by isolating

| ayers, rweiodunh6zé | ayers, or reduced el ectrical contact sWROEAREY/0004e t erm
isolating layer shall be read as isolating layers, 25 resistive layers, or
reduced el ectrical contact surfaces in_this context. The conducting | ayers
are normally fornmed by el ectrical conddct ors which are arranged helically
with predetermined pitch angles. 30 Figure 1 is a cross section view of a
cabl e 1 acewbdiagenht tale pdeagit aphearat i bkdst rateduchengt riagtanse o6 t he
cable 1. Thg e cludes tr fQL gar ectrica
conduct or |s g??%ndégg efﬁbal Qdf£ h(%ifﬁeé%terﬁlne plpggbggaﬁglﬁ#
conduct or hendbgtfiopndane8s. conductlng | ayer 3 which is adapted to carry an
electrical current in the cable 1. SUBSTI TUTE SHEET ( RULE 26j WO 00/ 49626
7 PCT/ DKOO/ 00069 As can be seen fromthe figure, the shown cable 1 includes
f our cdhduépiﬁgcpaﬁen§e3wi$h 9 dngther ﬁméodém@u@tsngdlayépgnase afit ual |y
separated Ry;go- Gabheding Sg g’é'rgg Bﬁ)ﬁ%% 5sa§da“@o?1@iuclt1% Qﬁﬂ?}s' ng
| ayers 3 and 6 are separate the 1solating layer 5, conducti ayer

and 9 are Segaeased be sRePFsdixam ngavayertoB, layier s&eftoreen. al'hélif§bl ati ng

| ayers hav i o 1005 fmqg X o] t Kk s. 10 The
ot her cond3€?P%g¥ﬁ2;g§£S&%ﬂguéndﬁﬂa ;g %%@%ﬁ%ﬁn%ogggggo?éamﬁlg%éare wound
spiral |y aradndathe pothei ngdiayerytadapssdiselsépagateyehe conducting

| ayer.;dhe nunber of conducting layers in the cable depends on the 15
desired use of the cable and on the current carrying capability of the
tapes usedInThe wiRvh iRy 4fd crembriinrntpi t chhangresbftavebrduefor the a cable
s 111 ustrakgdhich i HOWd o @@eﬂgyrgnéb@\é@ea 3% C@@éﬁs S@Emlnnqlay@wg a
nunber of layers which is illustrated by t view to in

figure. Tothela¥ght, [%He SantlEabl ev%b{e|§fsh'éwi\ W%Wdué@@lergezt whi ch

i s wound arQuehcdigigven dyayer dd the sabbga i sadh80 showRhien thgibhgure.
The conductor 502 |IIustrates a 25 conductor in a conducting |ayer of the

cabl e 501. OUtHe St gaPRAVPL SRAGns AUeE wi hdPng 1€ cANIENERE N oFRRICEST, i . e.

t he d|stanQﬁmﬁrqmlh@@_%h@@&cbgdhﬁglg@dc@kl@55|ngle wi ndi ng, and the pltch
angle. 30 The current distribution between the |ayers depends on the

variation of the wi nding pitches of the conductors as the inductance

bet ween t hgr ah@b&h@@pefjdéféﬂrbbe shpdingept t chest Ascif diddsduetlre pri or
art the pitches are therefore varied fronuﬁgyer to layer in the follomﬁng
35 The pitci &5s SFPEha eBAUGELRF s BAFHh bondubti ngh'? ay&vensiog and 9

and 122al1l davera gaknini shpeesbnSUBSThdUEELSHEET FoRUR azdlle, said
super-conducting material is high-T. super-conducting

material.

The invention also relates to a method of producing a

25 cable of the above-mentioned type.

The present invention further relates to the use of a

cable according to the invention as a power cable.

30 The present invention will now be described more fully

with reference to the drawings, in which
Figure 1 shows a schematic cross section view of the

current carrying part of a cable according to the prior
35 art,
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WO 001 49626 PCT/ DKOO/ 00069 8 val ue which is sel ected such that they either

i ncrease or decrease in steps fromlayer to |l ayer between a first val ue of
t he radi awo ems50st conducting | ayer, i.e. conducting | aysrT/BKocoedesa
second value of the radial 5 outernost conducting layer, i.e. conducting

|l ayer 9. As a result the current will distribute nore equally between the

i ndi vi dual conducting layers resulting4n reduced AC | osses conpared to the
| osses in a simlar known cabl e having an equal or approximtely equal

pitch in al}id@réagerislviaoeitdsntat girbe igentim@ht hef | ayier swdidntand/ or
the materials of the isolating l.ayers or condyctiye l.ayers.is selected in
to ful fil (SRTYEHRY RIRL 093% r%tcé"’m%e tHE IS Iutc?\/\ntx\f ilﬁ&?&std’r?& equation: v
=M~ ~I'" +R I, for j' =1" and V, =V dt A, A~ Were Mi is an inductance
matrix, and_.V, and,l1l.are .the |ayer voltage and. current, and A _is.the
layer crosstY84E@ce] &r]filusﬁrrég.est‘ d%?(fcfﬁqai AP R 9/% 5?’ idERal (the
| ayers & e tarpaidg|ghit M a nchlgld etbadrdinglesi rald erveradhirgve a cable in
which Ii/A are also identical. In practice, this is achieved by varying
the wi nding pitches of the conducting |ayers and/or the layer 25 radii

and/ or the Pagereéalds iofludterdtsd adi npikrdy esnhoSorentexafipltée arermgnten

below It is_noted that, the hi C loss of the bl es havi.ng approxi mately
equal pi tchc?ﬁr%iﬁgl%?gf sofsad%%) o) Ef%ceo?gjtﬂg &oa&q}%emcvuernrteln ’céiﬁléignt rat es
in the outer layers of 30 the cable. This leads to | osses that are

virtual,y identjcalct faund in a.solid. e d or_.qf .t he

di mensilooyns g 8%%% c%b?%&ﬂgaggf'?sl‘u%eSHEé?%(lé%Légjz%#p a&g]ogﬁé%pzlggc&

PCT/ DKOO/ 00868le of a conductor in a conducting layer of an

electrical cable.

Generally, it is desirable to obtain as low power loss as
15 possible in electrical cables, e.g. when the cable is
used as an AC power cable, e.g. an underground cable, or
an overhead power line, e.g. as power lines for

electrically driving vehicles such as trains.

20 The prior art discloses cables with at least one cable
core having a number of conducting layers which are
mutually separated by isolating layers, resistive layers,
or reduced electrical contact surfaces. The term
isolating layer shall be read as isolating layers,

25 resistive layers, or reduced electrical contact surfaces
in this context. The conducting layers are normally
formed by electrical conductors which are arranged

helically with predetermined pitch angles.

30 Figure 1 is a cross section view of a cable 1 according
to the prior art and illustrates the structure of the
cable 1. The cable 1 includes a central former 2 around
which an electrical conductor is arranged helically with
a predetermined pitch angle. The conductor hereby forms a

35 conducting 1layer 3 which is adapted to carry an

electrical current in the cable 1.

SUBSTITUTE SHEET (RULE 26)



The drawback of cables according to the prior art is the quite |arge

vari ations of winding pitches which are required to obtain a desired

equal i zat "ChO¥#?3%he current distribution. Cables havi ng t hBSEDEAPEU6 t ch
variations 5 are often technically unrealisable. In addition, strongly
varying pitches may not be desirable as,they lead to differential thernal
contraction of the different |ayers during cool-down or warmup of the
cable. Further, small variation of the pitches between the |ayers as well
as 10 small pitches are desirable as these result in beneficial mechanical
properties g g, cal esoAGCORALAT LRe 1 N dunent o LRGWAI { £bpagl £s Of
the electrical conductors in the conducting |layers are varied 15 in the
fol | owi ng wagcludes vy ofonHECEingh hayees ihcer fase? iandst égs fFlen | ayer
to layer betyggncgihyrstamdidieaird thethadi gl Japaramst egndustingidayer to
a second value_in an internedi ate conducting |ayer. The internediate
conduct i"ng 189k#tird al@gRdscting®| aper Yo | beat eGOBELFESRIt H I af

i nnernost  ofn4he EQEdlé%Eia@ﬁtle@Y%rys @l e Jadipl 1 opd e apstoRiutPeng
conducting layers. Furthernore, the value of the pitch angl es decreases or

remai ns subs®¥A¥i &l PYdcOn3FantePRrBATPAyRY Fbel jetabbivebAYehebse?®Rhd val ue

in the intesgedoats.Ccanductddithtdnd aVefe Adnave hiar ¢iainue-ddks £ 418 Oy er nost
of the conducting layers._ The variation in pitch angles are not illustrated
in a separafB PPREPEIMBERLhePn s Rt FRECKRe$Fgure 1, the innernost
conductiighg | ayer and the outernost conducting |ayer are denoted 3 and 12,
30 respectively. The internediate | ayer may be the conducting, | ayer 6 or
the conduct tRE IS&T 9CORAYGFENE 413V RtT afes AnéPferlenfddomehtcbidq cabl e
accordi ng techbectoyvenivh@fh Ehe hiogihde diSi o ICIOSSr Saed | Ofle 3bsyLeving a
cable 15 ha ingFa central rmer 2 and three coang%Lng Iﬁyers 3,6 and 9.

f
The conduct i A§EF ay et LRI SUBSTFERFER SREET ¢ RUB B+ Tann1gdr49628R9 0
PCT/ DKOO/ 00a6Rbaut vdl |aorerpariaied dyertsoiat thg lcayelkes dépaitk 1d ashshown in
the fi e. ,For _exanple, the .isolating |layers include | ar, pol yam de,
pol yestet, ﬁﬁﬁéf?éprV%sP%rtﬂﬁbrFﬁ &§ pEper °8r E%%ié%ﬁﬁ%%% rcgﬁféi?ﬁl, and
may al so inebpdpiditRgo€t thenBhpesabsednd the shown enbodi nent of a cable
according to the invention, the isolating |layers 16 and 18 varies in

t hi ckness, that is, the thickness of the isolating |layers 10 decrease in
steps from Flagewihdihgypid tbat wednthef pdsthvahgeeobft hecvadinakornher avst

isolating | a and a,secaond_val.ue, of t.he radial ,Quternpst isqlating |ayer.
By varying F%gﬁFhi%inéézug r?égdis%ﬁagﬁﬁgrfay%fsT%ﬁ tﬁéggﬁﬁdﬁ%CBF;t%e
i nduct éte bebween Sie cionductimgy |ayensmbbrar efvariaderBy peiflrmiag a

sui tabl e selgqton, oLt b6 thLCkness A chhe Lndi vidyal i3glaLtingl ayers of
the cable the current w Pl “distiibute more equal'ly between the conducting
| ayers resuktighy,i nthedsese Abbssédl Bebowhawso eRampirebicforrabPés

accordi ng t%g’i@ﬁ g@"%hha”a%%néo?gig‘i%n '1'3|y%frf iiBStthEX@gBll% ”E?E 83956
consi sts of conducting layers. Theé centra of mer has an o6ufer di aneter
of 35 mm anmdowhe ithi dheesfiforet hellsripeoccudiori ng02 apel Wistirates a
25 conductor in a conducting layer of the cable 501. In the
figure WP shows the winding pitch of the conductor, i.e.
the distance from the start to the end of a single

winding, and the pitch angle.

30 The current distribution between the layers depends on
the variation of the winding pitches of the conductors as
the inductance between the layers depends on the winding
pitches. According to the prior art the pitches are
therefore varied from layer to layer in the following.

35 The pitch angles of the conductors in the conducting

layers 3, 6, and 9 and 12 all have a gilven different
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25 insulation is 0.23 mm In the shown exanple, Bi 2223 is used as .
superconducting material and nylar is used as the isolating material. The

wi ndi ng pwicéessnre as follows. It is noted that negative pti/SReHoISNOL €
opposite wi nding directions of the conductor. 30

Layer 12345678Radi usl 19, 2319, 00l 8, 771 8, 5418, 1917, 961 7, 7317, 50Pi t ch/ nmL50
~21 5~ 3401 740 1-900 ~-335 1-220 ~-180 8The thi ckness of the four innernost
| ayers is constant and of the four outernobst |ayers is constant. However,

SUBSTI TUTE EES (iRAE 26)se1 M 49/ ARG 6 YT/ |0068 lihdhere kas to be

a gap of 0.12 nm between |layers 4 and 5 5 in qorder to achi eve equal
currents i rmMeEkFRThydP aHPRHusIPBUESYa0skRs laVernd &y e§af LSént .

given is thealadi W ORhwhi £4d fa BUPe LA | BBnbape 18 O1dfPe AN tihicckness
has to be wound. A second exanple shows a cable with four non-equidi stant
| ayers wi t CRRHSEIRYuaARYRIENd? ng 3pct chesSeCPie ragive Oy eF934R8Hiats/ 8

918. 6518, 215y BPihELH AR iR 29290, 40 ddndiictiated hat ¢ hewd esul ting
cabl e has an al npst_ honogeneous current distribution in the three outernopst
| ayers. 15 FeSP&tf HREN&UERSREd it Thetpiehesmare e8Redl YsRaiwesid al nost

equal whi chthapisuesidtigl meehatteahg( hepdirBg)epliopenly 6% afedt@caly e.
Differential contraction 8f different |ayers is m'ni,Erise . 20 One exanpl e
of a windi ng°P3Et eFATPAT§Ys Fer CHMdLEERRT dabl2 ERELLAPprERMRat @RI F ul fil s
t he induct angeigguatd orgualshown Hedyxkimatdly s ccasd, bhechi rsh wWiidi ng
(layer 1%) if made into a diameter of 32 mm 25 30 Layer 12345678Pi t ch/ mmR05(
240290 “~350-2¥%®H°* 440 ~480 ~470

According to the invention the layer radii and/or the
materials of the isolating layers or conductive layers is
selected 1in to fulfil (at least approximately) the

15 following inductance equation:

dl,

Vi=M,—"

I 1
+RI  for —~=-L and V =V
A A

Where M,; is an inductance matrix, and V, and I, are the
layer voltage and current, and A, is the layer cross
20 sectional area. By definition all the V, are identical
(the layers are in parallel). As indicated it 1is
desirable to achieve a cable in which I;/A; are also
identical. In practice, this is achieved by varying the
winding pitches of the conducting layers and/or the layer
25 radii and/or the materials of the isolating layers. Some

examples are given below.

It is noted that the high AC loss of the cables having
approximately equal pitch in all layers is due to the
fact that the current concentrates in the outer layers of
30 the cable. This 1leads to 1losses that are wvirtually
identical to the ones found in a solid tube conductor of

the dimensions of the cable.
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Myl ar type with a thickness of 50 ~mis used as |layer insulation, and the
super conducting tapes are about 0.2 mmthick. It is noted, that here is a
speci fic P&0&6R6i n t he wi nding pitches - the outer | ayer sPCRHDEIGOO6S

wi ndi ng pitches, and the inner |ayer have |onger pitches, becom ng constant
for layers 7 and 8. SUBSTI TUTE SHEET (RULE 26) WO 00/ 49626 12

PCT/ DKOO/ 00069 Anot her exanple is show? bel ow for a four | ayer cable with a
central body. The central body is nade from alum nium and the |ayers

consi st of THghitawhweindo Loppeied dapesdimyhtdbothexampbe Fitaris rither - | ayer

Idlnzlrjrle?gr/Oml%4g§§?§et828%53%%38f%%?#2§ gy%grl%%&%%%@o&he 'Same ki nd

of trend i redieimgdhdingolpbatiera dssikrsdbkqualiastinnt b $ulyeerazonmudt i ng

cable s Al AU S OAYESTRLE M nOhRGoPILERES pilch J AR BLED
and't fehe sh

angl es, e ‘innéer layers fave er w ndi
pi tch afgl esce Idftien mﬂcémitctm]tly murtrte sl iceddd lee + hien Iaa;;cblrtltdn,clertesmgjfy t he

duct f t 1 h t.si de. t
Conduct 109 JAYphdeeeangsl ol L igeLTAnsedt igathes gl A f0R et
of the cabl@f@&nml ablole xthel bodytdaabkorr oifs the, @uﬁﬁerqnxstldydw in the
above- m”t'&%ﬂufxggg OJJPG%PO%P%% F%y%et RigKRes s tely

const ant at the o~|nthetabe|n esthat
the given condirtiomny béyé:rha spelthal between the layers as well as

Layer 1234567801 &t ] AL QUOUOUQIOUOIONPI 4 EYEES O <000 250, 00 ~600
~600 Agai n, 4 igﬂ;aittern of the w nding pitches ?roﬁ ows %EOD aérrlesaol?rends

as seen beflttﬁ@hamsqulftpmn%m@%e%mﬁ herowradle, and | ong pitches on the
inside | ayers. The values of the pitches have been adjusted to account for

the di mensions and the resistive conponent in the SUBSTI TUTE SHEET (RULE
26) WO 00A4ospding to the invention, the pitch angles of the

electrical conductors in the conducting layers are varied
15 in the following way. The value of the pitch angles
increases in steps from layer to layer between a first
value 1in the radial innermost conducting layer to a
second value 1in an intermediate conducting layer. The
intermediate conducting layer 1is a conducting layer
20 located between the radial innermost of the conducting
layers and the radial outermost of the conducting layers.
Furthermore, the value of the pitch angles decreases or
remains substantially constant from layer to layer
between the second value in the intermediate conducting
25 layer and a third wvalue in the outermost of the
conducting layers. The variation in pitch angles are not
illustrated in a separate figure, but when referring to
figure 1, the innermost conducting layer and the
outermost conducting layer are denoted 3 and 12,
30 respectively. The intermediate layer may Dbe the

conducting layer 6 or the conducting layer 9.

Figure 2 illustrates another embodiment of a cable
according to the invention. The figure is a cross section
35 wview of a cable 15 having a central former 2 and three

conducting layers 3, 6 and 9. The conducting layers are
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13 PCT/ DKOO/ 00069 i nduct ance equation, which is again approximately .
fulfilled. A further inprovenent of the mechanical properties 5 (torsional
st r engt hl waf ootdee26cabl e can be achi eved when the conduct or sP@if/DKo00/d0@@st one
of said conducting |ayers have reverse winding direction in respect to the
conductors of at |east one of the neighbouring conducting |ayers. 10 As was
seen above the variation of thickness 6f the isolati ng | ayers can be
conbined by a variation of pitch angle of the conducting |ayers, a well as
a vari ati onmatuiheyt sepsknessed aby t heo onthugt 1 aget ayes samdd! Drad heiowrl5
material. It _is, noted that the condyctors may. incl.ude high-T~
superconducf?nshﬁa%épflﬁfas, Elg.rg.ex?fngg?m-%eorls(oéia&%q §r -r(ij-Jd'.‘Cll"h%e
conduct or s mayas} s@edlyaide,| qvelyest2) ,supepepndpotliyeg teat etm@t i ted g.

Nb- based suBer condurcti nlg,matgrigl s. O tih condyct or s rrgg beir(fc nv enti onal
conduct or s. PTPSF s Fur FRBFCRBTRGT Y hat" 5 andutfr BRY B&PorHEd B t apes,
e.g. nulii-hadmaent sapercahducting tapes. 25 Figure 3 illustrates a
further enbodi ment of a cable according to the invention. The figure shows
a cross section view of a cable 20 which include a central forner 2 and
four conducinnghayeheowd, 6épbodament2.ofThe 3Gakbmductdangirayets arlee
mutual ly se y [ rst. i,sql.atin r , eggnd. i ting | ayer
22, and a tﬁﬁ?g{l?g%ﬁét ?tn%é I a%/sé)rl%%é;%tglsega %greﬁé aﬁ?t%@ S %g\ngggelnblr(}gi ment
the isol ati hhitkyess, athahave, t hee 3Bhsakmeshi eknelss, ivotatingomyerst to the

prior arg c I n.£L.gur t teri al t ' atj ng; ers
SUBSTI TUTE g%ﬁﬁﬁ?%ﬁ@ 2%%‘9%\%%& 4%%%%12%%‘%500%6%%8}’ctgnnglaérie/f rom

| ayer to | ayetvpei . ef tihe firpdialsetonernpdtt hivaldsioglat ilewyelrayend 2, 22,
24 consi st i sego a hird,,j jng neterial, ectjvely.
Magneti c rratgérclgaps(]rﬁr%i}ebg%i_%glleuggéhl@nl gl,oodrr‘%?Ll uétwglo%@a lrgg} Ila{/%rslgﬂ C}'I’A)(;:cor di ng
to the invenmerghnghetimt dhilgksest tde e atbagataper slawersepéctidekin

accordance whhR,EREET EH?%”%B 8L REOP§IdY AgpgeRy Qi‘?‘?,dcw vigisty, a
pl ural i]g o}%loue??.ects ave ?n#?ue,nce on t r'le current. istlr idgutl on %ln t he
cabl e, Bnd a&eortimigedo Bhe RINANNIaW t he Swidridtlicarepropeeri €f othehe
I sol ating | ayeegnBa¥eoheenel QHAdvEQuRE 98619t ih5es8yelbeoFRgRet LR &
susceptibility of the isolati n%.l ayer separating two conducting |ayers
ef fects the current will istribute more "equally between the
conducting layers resulting in reduced AC losses. Below,
two examples of cables according to the invention are

20 given.

In a first example the cable consists of 8 conducting
layers. The central former has an outer diameter of 35
mm, and the thickness for the superconducting tape with
25 insulation is 0.23 mm. In the shown example, Bi2223 is
used as superconducting material and mylar is used as the
isolating material. The winding pitches are as follows.
It is noted that negative pitches denote opposite winding
directions of the conductor.
30
Layer 1 2 3 4 5 6 7 8
Radius/mm | 19,23 | 19,00 | 18,77 | 18,54 | 18,19 | 1796 | 17,73 | 17,50
Pitch/mm 150 215 340 740 -900 =335 -220 -180

The thickness of the four innermost layers is constant

and of the four outermost layers is constant. However,
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15 the nutual inductance between the conducting |ayers. The influence of
the magnetical properties of the isolating | ayers can be explained using a
sinplifiec¥OoPd¥26 | n general, the nutual inductance decr e RSdDEY/00P9
magnetical ly susceptibility increases. Therefore, the 20 current

di stribution between the conducting | rs of a cable can be adjusted by
selecting the materials of the isolating |ayers properly, i.e. an even
current distribution and hereby a reduced AC | oss can be obtained. In one
enbodi nment thefre feagnetd cae QSQQBs@épﬂl%%lﬂ%/bﬁtw¢ﬁpl%%Y%{$n@ paglePs vary
|n steps fLamd, kel dof dcdi®ive @oall CABrntls Ih VRl 10y Bl REGLEDS!
isolating | ayer to a second val ue - her than the flrst val ue - of the
out er nost il$ieHt A@Ss@perrt §®eFF§&¢éC4 i CMgEer&t-es a further enbodi nent of
a cable according to the invention. The figure shows a cross section view
of a cable 25 which include a central forner 2 and four conductlng | ayers
3, 6, 9%and 1SECOrKk HRAR | RPYayr sahte Wﬂﬁbaﬁpyrséﬁﬁréﬂ@ddﬂﬁ tanti rst, 35
second and 1ta|;i drds | qokat i Agnbayere gl 21304 ng8; pSeEnELJUIEh & BT TUTE
SHEET ( RULE 26) WO 00/ 49626 15 PCT/ DKOO/ 00 69 In this enbodi nent both the
tthkﬂESS(ﬁlW$% }sothei fgdiaiferen abifhe et e sFoRAVE HENY sBPREI RS | ayers
varies from |ljayem tthilaRss AssCan b seamd.romthe figure, the 5 thickness
of the isolating layers 26, 27 and 28 decrease in steps fromlayer to |ayer
between a first value of the radial, innernost isolating |ayer 26 and a
second val ue of the riagkal oukernns i gol ati ng Iayex 28. As nentioned, the
material of the isolalipg layers canp al so(vary 1 T0 | ayer to | ayer, and
may include magnetic Rafuymmic 189 LniB6y dgﬁbipd that the central forner
of a cable accordi ng pigchlh@ | hvesd | pnogan (bedpormeghmf any isol ating
material, conventional conducting nmaterial, or 15 superconducting materi al
dependﬂﬁg on the intended use of the cable. The described principle of a

cabl e havi ng: varyi pgtkhi ckngss @fe t f}%édldﬂlwgd%l b 80l RhkNGy ayA® s¢an al so
be used on cables without a central former. 20 Further, it should be noted

that a cablRPBRIGIAYY FOrFAvENLiEhTdRH AR Ude ’élhe aFBireard HRFRGST of
conducting 1ayefs. Likew se, the thickness of the isolating and conducting
| ayers and the pitches can be varied arbitrarily. 25 In anot her enbodi nent
of the invention one or nore of the isolating |layers consists of a nunber
ofllayler:s Iigrﬁ)yfuﬁth‘ehr:ﬁ@&@diﬂgaﬂa}&géspitdﬂé§ghﬁ?yrdéqﬁ§ra|dn@ll and < 130
multi-layered isolatin ayer can be copposed of djfferent terials

gi vi ng tKe s A PX’& gbsﬂpgaoﬁﬁéhagﬁﬁalm%%%c%} ec{}%r@lng)
characteri s;bm@erdiess dfur tther mabed,. tharfehendesirecomediction off the AC

losses can be-reached &g, & cominati on, of the ef fect

20 One example of a winding pattern in a superconducting
cable that approximately fulfils the inductance equation
is shown below. In this case, the first winding (layer 8)

is made into a diameter of 32 mm.

tayer | 1 | 2 | 3 | 4| s | 6| 7| s

Pitch/mm ‘ 205 l 240 ‘ 290 ‘ 350 | 400 ‘ 440 ‘ 480 l 470
25

Mylar type with a thickness of 50 um is used as layer

insulation, and the superconducting tapes are about 0.2

mm thick. It is noted, that here is a specific pattern in

the winding pitches - the outer layers have short winding
30 pitches, and the inner 1layer have longer pitches,

becoming constant for layers 7 and 8.
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35 obtained by the variation of the thickness of the isolating |ayers .
and/or the isolating material. I n SUBSTI TUTE SHEET (RULE 26) WO 00/ 49626
16 PCT/ DK@y @p0O&S addi ti on, pitches of the conducting | ayercI/mK§0/@Ied0 be
varied. Although preferred enbodi nents of the present invention 5 have been
descri bed and shown, the invention is not restricted to those. It may al so
be enbodied in other ways within the sibject-natter defined in the
following clainms. For exanple, the sane principle can be used in nulti-core
cables, i.e. a cable of the described type can 10 be a single core of a

mul ti-core _cahle havin ne .or re o imlar_ cor and{ or one nor e of
state of tﬁg’ogﬂerca‘fﬂ‘%rggg‘?esl.s Agg eggi%{ a?s%solur’fcl T ﬁﬁﬁ%& of
sub-cores whitth amycentpay neddhaverss r eehtirelof badgories accatedi figomo t he

i nventi on. an .ot her_e %E%I 8, t he 15 cablte an.i %%Ilude ong ar nmore

non- concent '”é“léﬁr\ﬁhctai“ﬁg d/ 6 S S0l 5 |8§eF%9 art R&H “ofi8P6F 'nor e of
t he conductiapesandith ifeal adxangplayHydacan e f-drayed t ondalvet aon aplfi trary
shape, e.g.,qval or_.approxi mately oval, elliptical or approximtely

el liptical .O'g‘b'?%é'ﬁl'ﬁ%ﬁ?s%EET (RULE 26) WD 00/49626 17 Pat ant C1
ai ms . PCIT/DKOO/00069 1. A cable with at | east one cable core having

three or 5 rmrﬁa)%pnducti ng Iayer§ Whi CQ arle nmut ual IAy sppatated by
Material Cu Cu Cu Cu Al
Outer diameter/mm 51.0 439 36.8 29 6 218
Pitch/mm 180 300 700 700 00

The same kind of trend in the winding pattern is visible
10 as in the superconducting cable - the outer layers have
short winding pitches, i.e. large pitch angles, and the
inner layers have longer winding pitches, i.e. shorter
pitch angles. It is noted that in this cable the layer
thickness of the conducting layer decrease from the
15 inside to the outside. Another example of a copper cable
is given below. In this case the outer diameter of the
cable is 51 mm, and the body diameter is 21.8 mm - just
like in the above-mentioned example. The conductor layer
thickness is approximately constant. It is noted that the
20 symbol "®" in the table indicates that the given

conducting layer is solid.

Layer 1 2 3 4 5 6 7 8
Material Cu Cu Cu Cu Cu Cu Cu Cu
Pitch/mm 150 190 250 400 500 600 600 0

Again, the pattern of the winding pitches follows the
25 same trends as seen before - short pitches on the
outside, and long pitches on the 1inside layers. The
values of the pitches have been adjusted to account for

the dimensions and the resistive component in the
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i sol ating |ayers,

where said conducting | ayers include electrical

conductors which are arranged helically with predeterm ned pitch angles, c
har a cwWpo0§4%26 z a d in that said predefined pitch anglP§$I/DKW088Ee i n
steps from 10 |ayer to |layer fromthe radial innernost conducting |ayer to
an internedi ate conducting | ayer |ocated between the radial innernost
conducting | ayer and the radi al out er nost conducting | ayer, and said
predefined pitch angles remain substantially constant or decrease in steps
15 from | ayedutdahager dqursand | whéchedi ase cgedocti agpragématelyhe
radi al out§hg?§&é880ducting | ayer. 2. A cable according toclaiml, ¢c har
ari zad

act

n that a | east one of said isolating |layers 20 has a

t hi ckness different fromthe thickness of at | east one of the other

i sol ati ng Lay
zadint atq%?*

h%r Ai & qydhggcgﬁﬁglaﬁghﬁ?gﬁcgl ﬁgsoge%tﬁe tar|

east orne of sai ucting rayers hi Ckness

di fferent fltomstheathistkressptlof af Itbastcanke otanhéeot dichieomdusheng
layers. 4. A.cahle 2¢6esdigg aFtOOJ? estpéog%rgfoflsa bakgﬁd&‘cginﬁ 'Tfaﬁie(% acta

ri z adin that at T east one

sai rsolating layers rs er than

the radi al heweer mesternsie t helmdighbodikagtisnl atliibng tegret. S5toA thble
accor di ng E%n%.%tg&éng%ean&%Egk”%n£'%f %h@ %eﬁg@ﬁ%u&iﬁg;ckﬁéu@t Pgn t hat

at | east one of sai

5 conducting layers is thicker t era I

out er nost @R VElWé -nei ghbouring conducting | ayers. SUBSTI TUTE SHEET ( RULE 26)
WO 00/ #9626 6. A cable accordingtoonc har actari zadin
isolating | ayers decrease in 5 between a first value of the |ayer and a
second val é¢ i 9abaterRp | @peve PUTE DKOOY 0D06BD 18fa bhigbressef af aithe 1-5,

that said thigknssy afwald shens (CamB LaYersE0al axeiatadhabd gaecqost

isolating of the radia

outernost 7. Ac ccording to one or nore of

clainms 1-62pB3ec f &he £endueting lLayewsi natwatl safdat NpekpEdsnoPLsai d
the thickness of the conducting layers and/cr their

15 material.

It 1is

noted that the conductors may include high-Tc

superconducting materials, e.g. Y-Ba-Cu-O or (Bi,Pb)-Sr-

Ca-Cu-0. The conductors may also include low-T:

20 superconducting materials, e.g. Nb-based superconducting

materials. Or, the conductors may be conventional

conductors. It is further noted that the conductor may be

formed
tapes.
25

Figure

as tapes, e.g. multi-filament superconducting

3 illustrates a further embodiment of a cable

according to the invention. The figure shows a cross

section view of a cable 20 which include a central former

2 and

four conducting layers 3, 6, 9 and 12. The

30 conducting layers are mutually separated by a first

isolating layer 21, a second isolating layer 22, and a

third isolating layer 23; see Figure 3.

In the

shown embodiment the isolating layers all have the

35 same thickness, but in contrast to the prior art cable

shown in figure 1, the material of the isoclating layers
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conducting | ayers decrease in steps fromlayer to | ayer between a first

val ue of the radial innernost conducting |ayer and a second val ue of the
radi al outveo mgs2cconducti ng | ayer. 15 8. A cabl e accor di ngp¢DDEDE00069 NMOT €
of claims 1-7, char actar i zadin that at |east one of said
isolating layers includes material which is different fromthe material of
at |l east one of the other 20 isolating ]14ayers. 9. A cable according to
claimB, char actar i zadinthat the nagnetical susceptibility of
the isolatimgnl agperys fram elsafaromd ayeye25 1 oel aylee . f10st A sabbedagedr di ng

to one or mr e %f t@ Qredhng ?Q_| arzris 5o Pu?er &lsisf | fr az algs n t hat

at |east one of Usal con Uctingrayery ific s natert al
di fferent fmsewonke reidri ahwﬂ atlslodas:tln@ne 1o t ¢ thisa bit herreepadtl(ttfeihg | ayers.

1L A cabl e\aeganding L AR, 6o Ackufol Snd dorle 7 el AgcthEy Che

resistivity ot the ayer erral “increases 1n s rom

| ayer toS| ayewyefrsom a first val ue of the radial innernost SUBSTI TUTE SHEET
(RULE 26) WO 00/ 49626 PCTI DKOOI 00069 19 counducting |layer to a second
val ue of the radial outernost conducting |ayer. 12. A cable according to
one or nor e Agfcogiddings to- the 3nyentaon &he tnaaerriialg afdthe thatatand

conduct or s '%?e‘f%esazsé‘p§é188@9&'03h”%&%&%r idn A gabl e %gﬁSE?EQQ to

claim12, N rRat sai SUper-con I'ng materi al
i's 10 hi gh- Propegériesonddet i mgnidoaeidal peroAsdrm hod oblugadituct phg a

cabl e wph aetff'e ! HaRe g3l %g,%%l . a‘éh'égch'} &8Ok E?bE‘EE‘L HC hngnlLayers

whi ch are mut ual 1y separate ating layers, ere sai conduct i ng
| ayers incl lﬂf@l@lfectiﬂﬁcaﬁiC@@?@m ort® whiheh ameem*%mgéal%emﬁéalewcwlt h

predet er mi ”%o?ietrctfle%”%festﬁe h1§olr e\%n?g t1&drd Bade dpbBnt ?é&néatg be

predefined pitch angles are sel ect to increase in steps fromlayer to
| ayer from tHe r &fi althaffer mddte congnetiingll apesceptakizotint efmedhat e

conduct i ng |axArs di9cated,det weedr 4 he, g adial ch&G&HPﬁ& egpdust Lerckayer and
the radi al outernost” conduction |ayer, and said predefined pitch angles are

sel ect ed5t o HhemdiH: WtibstRH G EANGR domiswesn bhe deerdusEing %?éB'ESf r Rl ayer
to layer frommaidhddt®f TeHkak@gietieRIUGidpeltavey 4o sredikadhdling

out er nost conducting | ayer.
layers ¢€an "be explained using a simplified model. 1In
general, the mutual inductance decreases as the
magnetically susceptibility increases. Therefore, the
20 current distribution between the conducting layers of a
cable can be adjusted by selecting the materials of the
isolating layers properly, i.e. an even current
distribution and hereby a reduced AC loss can be
obtained. In one embodiment, the magnetical
25 susceptibility of the isolating layers vary in steps from
layer to layer, e.g. from a first value of the innermost
isolating layer to a second value - higher than the first

value - of the outermost isolating layer.

30 Figure 4 illustrates a further embodiment of a cable
according to the invention. The figure shows a cross
section view of a cable 25 which include a central former
2 and four conducting layers 3, 6, 9 and 12. The
conducting layers are mutually separated by a first,

35 second and third isolating layer 26, 27 and 28; see

Figure 4.
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15. A nethod according to claim14, c har actar i z adinthat the

t hi ckness of at | east one of 30 said isolating |ayers is selected to be

di f Fer entWirt§pa2lhe t hi ckness of at | east one of the ot her RGRIDEGWWEG ayer s.
16. A method according to claim14 or 15, 35 char actari zadin
that the thickness of at |east one of said conducting layers is selected to
be SUBSTI TUTE SHEET ( RULE 26) WO 00/49626 PCT/ DKOO/ 00069 20 di ff er ent
fromthe thickness of at |east one of the other conducting |layers. 17. A
nmet hod according to one or nore of clains 14-16, 5 c har actar i z a

d in that the teri f_at . lea one of ,said isolati I S.l.s sel ected
to be di ffEaI entfrgal ?o%ﬁ%’ﬁgl% tér;%z(ijﬁ:thofJ&?i‘? Itggscé(n&%% oaétﬁlgeot%%grlaitég‘lgati ng
| ayers. 10 1B&erA netdotdhacomtdimaglt cobnéher imrlatding| daysrddvities h ar a

ctar.i d.in the materjal_of, at_| eas ne. nf [ onducti ng
| ayers is ?er%@ctléaa’ettrg%}boe laﬁ“fefr&g'r g#f ar%n? hé® 1;ilt 5(::*]r:l&éltl tgF gﬁggééét%g]ﬁe of the
ot her cbndudtiickgelsayerfs.tHd ifhldkinoflapdls 26c0Pdi agdt @Bangcarasef t he

di | ai l.e, h AN [ bl

or an of edt 1Ty DA T Somce d Yo BRF e o o AL e6y che °7° ©
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conducting layers and the pitches can be varied
arbitrarily.
25
In another embodiment of the invention one or more of the
isolating layers consists of a number of layers. Hereby,
such isolating layers - which may be called multi-layered
isolating layers - can be composed of different materials
30 giving the isolating layer a desired mechanical and/or

electrical characteristics.

It is further noted, that the desired reduction of the AC
losses can be reached as a combination of the effect
35 obtained by the variation of the thickness of the

isolating layers and/or the 1isolating material. 1In
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Although preferred embodiments of the present invention
> have been described and shown, the invention is not
restricted to those. It may also be embodied in other
ways within the subject-matter defined in the following
claims. For example, the same principle can be used in
multi-core cables, i.e. a cable of the described type can
10 be a single core of a multi-core cable having one or more
of similar cores and/or one or more of state of the art
cable cores. A cable core may also include a number of
sub-cores which may or may not have structure of a core
according to the invention. As an other example, the
15 cable can include one or more non-concentric conducting
and/or 1isolating layers. Further, one or more of the
conducting and/or isolating layers can be formed to have
an arbitrary shape, e.g. oval or approximately oval,

elliptical or approximately elliptical.
20
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etbhined pitch angles, c haracterized in .
10=s109%&' () -3!sS2"10% ' & ()-123333MA}[ 9~\: ' ff#F" 10999& 6)-![SY10%& ()-f3"1
098 that said predefined pitch angles increase in steps from

10 layer to layer from the radial innermost conducting

layer to an intermediate conducting layer located between
the radial innermost conducting layer and the radial
outermost conducting layer, and said predefined pitch
angles remain substantially constant or decrease in steps
15 from layer to layer from said intermediate conducting

layer to the radial outermost conducting layer.

2. A cable according to claim 1, ¢ h a r a ¢ t e -
r i z e d 1in that a least one of said iscolating layers
20 has a thickness different from the thickness of at least

one of the other isolating layers.

3. A cable according to claim 1 or 2,
characterized in that at least one of
25 said conducting layers has a thickness different from the

thickness of at least one of the other conducting layers.

4. A cable according to one or more of claims 1-3,
characterized in that at least one of said
30 isolating layers is thicker than the radial outermost of

the neighbouring isoclating layers.

5. A cable according to one or more of claims 1-4,
characterized in that at least one of said
35 conducting layers is thicker than the radial outermost of

the neighbouring conducting layers.
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f310%&&%&f(2'h aracterized in that said thickness of said
conducting layers decrease 1in steps from layer to layer
between a first value of the radial innermost conducting
layer and a second value of the radial outermost
conducting layer.

15

8. A cable according to one or more of claims 1-7,
characterized in that at least one of
said isolating layers includes material which is
different from the material of at least one of the other

20 isolating layers.

9. A cable according to claim 8,
characterized in that the magnetical
susceptibility of the isolating layers varies from layer

25 to layer.

10. A cable according to one or more of the preceding
claims, ¢ h ar acterized in that at least
one of said conducting layers includes material which is
30 different from the material of at least one of the other

conducting layers.

11. A cable according to claim 10, ¢ h a r a c -
ter ized in that the resistivity of the
35 conducting layer material increases in steps from layer

to layer from a first wvalue of the radial innermost
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at least one of said conducting layers is selected to be
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different from the thickness of at least one of the other

conducting layers.

17. A method according to one or more of claims 14-16,
5 ¢ haracterized in that the material of at
least one of said isolating layers 1is selected to be
different from the material of at least one of the other

isolating layers.

10 18. A method according to one or more of claims 14-17,
c haracterized in that the material of at
least one of said conducting layers is selected to be
different from the material of at least one of the other
conducting layers.

15
19. Use of cable according to any one of the preceding
claims as an AC power cable, an overhead line, or a drive

cable for an electrically driving vehicle.
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