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Super conducting cable and nmethod for the production thereof The invention
relates to a superconducting hollow cabl e having an outer tube which has a
circular inner cross-section and, conseguently, a cylindrical inner wall. In
addition, the superconducting hoI | ow cabl e has a central cooling channel of
a circular cross-section that is smaller than the inner cross-section of the
out er tub@urAéprerﬁggd.]@q ween the inner wall of the outer tube and the

cool i ng channel are profil ed superconducting wires. Such profiled

super condiNem IAtpriationsl RadetrAnpication] east one superconductor (superconducti ng
filament) cRrdidAu@nr StARENGRAIISMRhg R i | e of a key stone as known for
Roman stone bridges or tor groin vaults. Profiled superconducting cables
having a cross-sectional profile of a key stone are known fromthe

publ i cati @Qastipfle®75, 623 B2. Further prior art is US 2003/0024 730. The
known key- st one-shaped superconducti ng cabl es consi st of superconducting
wires of round cross-section stranded with one another and, after stranding,
they are @Superconduttiageabledaid mbthoel for the preiuationaheneodf il ing rollers. The
structure of a superconducting holl ow cable of the Nuclotron type having
round (standard variant, Figure 16) or profiled (inproved Nuclotron cabl e,
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Siper conducting W res profi l"ongi t u ction an
key- stone”@ﬁhﬂé‘ﬂ‘)féh%% élﬁel%'ﬁnﬁ?éo?il”a@éam@ﬁ* ajerefled FUPEISOBIHCERI WiES. of t he

i nner t ubgych bm@a@abert:@n&ucmn@Mew@ﬂbﬁéyﬂﬂu@égtege%wéomdd?e conpact inner
tube, NNCr wires are _wound around the

outsid the superconducti ng wires
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Wi res forfo Romanhaitees britges bt i gréle kaidlts. A fibreglass tape wound around the
outer jacket ensures that the superconducting

Profiled superconducting cables having a cross-sectional profile of a key stone are
known from the publication US 6,675,623 B2. Further prior art is US 2003/0024 730.
The known key-stone-shaped superconducting cables consist of superconducting wires
of round cross-section stranded with one another and, after stranding, they are given a
trapezoidal shape with the aid of profiling rollers.

The structure of a superconducting hollow cable of the Nuclotron type having round

r( (standard variant, Figure 16) or profiled (improved Nuclotron cable, Figure 17)

B superconducting wires is known from the publication "Design and test of new hollow

high current NbTi cabie for fast ramped synchrotron magnets" Proc. EUCAS 2003,
Sorrento, September 2003, H. Khodzhibagiyan ef al.. In the case of the known hollow
cable, first a cooling channel is formed by means of providing a compact metallic inner
tube of CuNi. Superconducting wires profiled in the longitudinal direction and having a
key-stone-shaped cross-section are placed or wound on the outer wall of the inner tube.
In order to fix the superconducting wires on the compact inner tube, NiCr wires are
wound around the outside of the superconducting wires radially or in a helical
arrangement. A Kapton tape wound over the NiCr wires forms a protective outer jacket.
A fibreglass tape wound around the outer jacket ensures that the superconducting
hollow cable is electrically insulated.




hol l ow cable is electrically insulated. 6 Decenber 2006 -2 A superconductin
hol | ow cable that is so structured has the advantage, anongst othe ccggpber 2006
bei ng able to conpensate for high dynam c | oads as occur as a result of the
Lorentz forces in fast-pul sed magnets and hi gh magnetic fields. The heat
sources brought about by those pulsailfg fields by neans of eddy currents,
hysteresis cycles, nechanlcal stress fields and ot her external influences
(e.g. ion beans) can, continuous operation, be very effectively cool ed by

the inner A%ngg,lcegd&lﬂ gﬂghovm’aﬁ{é fk#a‘t'% s%fstru%gJ?ecFRMEtadVQﬁ}‘E&e tdﬁ%gst-r he

relatively large cross-section nner tub h has a snooth
surface, @aih PEﬁ/\@f being ghlettp companaate Br highslyaamiolPads asoepour pe airesidl of theesi st ance
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W res are arranged absolutely symTetrl cally
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hbl | ow cables of the CICC type as shown™in Figure 1 devel oped ~f
However , W@E&%e’ﬁﬁ@%e cabl es al so increasingly have to overcone higher
mechani cal and thermal |oads in practical use, further devel opnment thereof
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circuit and with two-phase heliumin the central cooling channel. That

conplicated structure not only has technical and, therefore, cost-influencing
Another cable type is, in general, preferred when the coil system to be produced is not

intended to be operated in an extremely fast-pulsed regime but rather has to store a
large amount of inductive energy which has to be delivered in high stochastic heat
pulses of short duration. In that case, a continuous high cooling performance is
secondary whereas the fastest possible heat transfer to the heat capacity of the helium
cooling the superconducting wires in the millisecond range is primarily sought. For that .
task, the known hollow cables of the CICC type as shown in Figure 14 were developed.

However, because those cables also increasingly have to overcome higher mechanical
and thermal loads in practical use, further development thereof resulted in a high-
current cable of the CICC type having as a result of additional constructional elements,
complicated cooling with two basically different cooling circuits with supercritical helium
in the outer cooling circuit and with two-phase helium in the central cooling channel.

That complicated structure not only has technical and, therefore, cost-influencing
disadvantages but also automatically gives rise to a reduced average current density of
the hollow cable. A cable of such a kind in accordance with the present prior art is
shown in Figure 15 and is known as a POLO cable (see, for example, "CHATS", FzK,
Karlsruhe, September 2002, L. Bottura ef al.). It represents the starting point for the

invention explained hereinbelow.



di sadvant ages but al so automatically gives rise to a reduced aver agd&mbei2006
density of the hollow cable. A cable of such a kind in accordance with the
present prior art is shown in Figure 15 and is known as a POLO cabl e (see,

for exanple, "CHATS', FzK, Karlsruhe, Septenber 2002, L. Bottura of al.). It
represents the starting point for the _épvention expl ai ned herei nbel ow. 6
Decenber 2006 -3 The problemof the invention is to overcone the

di sadvantages in the prior art and to provide a superconducting hollow cabl e
whi ch nakes possible intensive cooling of the superconducting conponents

and, in addition, nakes available a high current density for a hollow cable
of the O &tephleniot thednvestipaistto arercamenhmisagvaytagesin thesprionett@dtdor  t he

hol | ow caF&o@sd_e%péuaekmauarn@ HofloW @aBlE WG dRsBRInidMSvEicsahyartrges of the
CICC cable with respect to the cable of the Nuclotron tyge can be overcone
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to a verySYRERNAUEHRGGAMRONENISANY: eaddiipAnakRSsavsHIalle Aighh PYTERot d8BTIY t ypes can
be, als fgfog&ﬁolﬁ@ﬁ%b%lb%f%ﬂemlﬁ@ ﬂﬁwﬁﬁﬁw ; u&ﬁa&mgtcmm}i&qmwsw%dgmc}m@mrobl em
is solved, by e subject-matter e in ndent cl ai ns. n ous
devel oprel ol sabigy S forerse i e RERVKIEAER 0 REW they I Aaarse! i Gitthe
I nvent i ongakde Wvith respectbltiee table bhthe ddiomon aypeas ovaut@ne taeeryhargeng a
circular | r_crossssectign and.a,.cylindrical inner.wall. In the centre of
The' supe PRE arEl PRSI R SRk A Padn S oM Gty a0 s e af PSS KD Channel
of a pol ygoawlsuperconduatioy aollaw osde.secti on which is smaller than the inner
cross-section of the outer tube. Arranged between the inner wall and the

cooling channel are profiled superconducting wres. These profiled
super condlieg Pieglem issoved by the suikiegitmalies okihgendapeddentictaimsi Advastageoysisual |y in

a,Cu mat raéﬂ)eiopﬁ#gnﬁé‘%%&offh@%e?%@érﬁgﬁﬂ%ti ng wires have a cross-sectional
e

p"(ofile of a key stone. The cross-sectional profile of the profiled
superconducting wires have an outer region of curvature which is matched to

the circulnadccbidiBfte ®ItR & iBRSHtoAN RbIlcW EbRUE ProviddBwhich Wb BR OORY €ubet he
cross-section of the wires have an .in regi on of

, profiled syuperconduycti.ng, er

Vet ur R Ol e CrpsiReRHItATeA EHEHHS hek ol IDdee SORtid Ser |t he
cooling siperov@ductingnaliby cablBehere 0ssravetisosemtraptadfing ehaare! of dpolggges whi ch
are ori entred &r lofri led .to r.%i. the"cent rﬁi?noi nt of th coghTiencﬂJ cq nenel . The
profil ed YUFSHROAGTRPEHIPNIIELS SMalier gy |'HB?‘ry°r%§5r'%‘?f§8a° (P Hfer wal | of
t he out erAtrargeddetivedrcthe innenevall madittensodiiog nharne! are profiled superconducting

wires. These profiled superconducting wires have at least one superconducting filament

(usually in a Cu matrix). Furthermore, the superconducting wires have a cross-sectional

profile of a key stone.

The cross-sectional profile of the profiled superconducting wires have an outer region of
curvature which is matched to the circular inner cross-section of the outer tube.

S ™,

Furthermore, the cross-section of the profiled superconducting wires have an inner
region of curvature which is in turn matched to the circular cross-section of the cocling
channel. Finally, the cross-sectional profile has side edges which are oriented profiled
towards the centre-point of the cooling channel. The profiled superconducting wires are
accordingly arranged on the inner wall of the outer tube and their inner regions form the
cooling channel of the superconducting hollow cable.

In summary it can be mentioned that the superconducting cable has three main
elements, which have the following advantages. First, the superconducting filaments are
minimised, as a result of which the Meissner effect and the alternating current losses
are minimised. Second, as large a number of filaments as possible is embedded in a
metallic matrix which mechanically stabilises the filaments and ensures a high degree of
heat conduction. Third, a number of superconducting wires are combined and




cooling channel of the superconducting hollow cable. In summary it gap.Qfber 2006
nmentioned that the superconducting cable has three main el enents, I ch have
the foll ow ng advantages. First, the superconducting filaments are

m nimsed, as a result of which the Meissner effect and the alternating

current |osses are nmnimsed. Second,_ @s large a nunber of filaments as
possible is enbedded in a netallic matrix which nechanically stabilises the
filaments and ensures a high degree of heat conduction. Third, a nunber of
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stabilised | ﬁ)ercon uct | n% cabl e and contact with the coolant is
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super condenils iand/ohodblesarcahtremahciexibleng t o the i nvention has, anobngst others,
the foll owi ng advant ages: The profil ed superconducting wires are so arranged
tightly agai nst one another and matched to the inner wall of the outer tube
that t heySuchre supedcdridecting hatiswicableascoridong thythe imeemtiondias aashaged offe@sed and

force-basg e inner tube known fromthe prior (f art and they
resul t If]t ng“O{Nm r‘?"gﬁf‘a %%dy, the space within which forns the cooling

channel . Th# @Oflfgd sepeyagndusting wigearesaorarsangedtigellyeeaainss one @anaibel arber required
for mechagiRad totnk 'nﬁHeP%ail 'a?th%%%‘érqm@m% {rag cuh h@l% th&n@ét@é‘sein pbaltué‘fﬁ?'gy tion to

the material saving resultl n%ﬁ rom di spensi ng_w omponeént, th
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superconducting wires and, consequently, for a higher average current density.
Finally, the cooling medium, or cocling channel, is in direct contact with the profiled
superconducting wires. Even though that contact is also present in the above-described
CICC cables, the resistance to flow in the cooling strands therein is considerable and
the heat capacity of the small amount of supercritical helium is limited so that the
cooling effects achievable with the hollow cable according to the invention are much

[ greater in all time intervals (short heat pulses and continuous loading). The symmetrical

arrangement of all superconducting wires ensures that the cable as a whole has

additional stability against thermal pulses, as described above for the Nuclotron cable.
From the cryotechnical point of view, the now dramatically simplified cooling, compared
to the starting point, constitutes a decisive advantage because this means that two
cooling circuits, and indeed two qualitatively different cooling circuits, are no longer
required and cooling performance is improved by orders of magnitude in all time scales

(pulse operation to constant continuous operation).

The profiled superconducting wires are arranged so tightly on the inner wall of the outer
tube of the superconducting hollow cable by means of their outer regions of curvature
and with their radially oriented side edges adjacent to one another that at all operating
temperatures of the superconducting hollow cable they maintain a central cooling



greater in all tinme intervals (short heat pul ses and continuous |oading)., T
symmetrical arrangenent of all superconducting W res ensures that%?h &%ﬁﬁrggb6
as a whole has additional stability against thernmal pul ses, as described
above for the Nuclotron cable. Fromthe cryotechnical point of view, the now
dramatically sinplified cooling, conparg to the starting point, constitutes
a deci sive advant age because this neans“fhat two cooling circuits, and

i ndeed two qualitatively different cooling circuits, are no |onger required
and cool i v o] [ j me scal es
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supercondQ@bfeHgdﬁﬂgﬂ@%em@neﬂenmdresbﬁeregmafgormmqnhéemmmewrmalfeo\f t he outer

tube of 1 ReqRURREGAMIELLOGNSRbONHE Al EuROITRARS, ObnLRBAEePbofiear e0i NS of

curvature and . ori ented side ‘edges adjacent to one
anot her tﬁ@@eracendapmngo\fé@ewpn@s thek éneatr@ﬂrq@ghrtgcftaméebap@ﬂaiawad@@ﬁmtgth@l | ow

cabl e t heyiffeRdnhbpératify ERTPeralires0Pbd thst ;ﬁ]ré&‘eemeéun%d&% w@tf@"tﬁﬂﬂﬁiss?Myt h their

i nner regl ons of curvature. Because such a supercon ti ng | ow cable

under goes fERthedwgen B/ PE? ﬁ?%?l@eﬂqoﬁ‘%?teﬁc%mﬂr%ﬁﬁ“%r‘ﬁ ebab BP%f?UP% to a few
degrees Kednvpdiatures df$h@§lﬁ5e@édn@[lctlthﬁ)flbwg:bblesérhﬂlférlﬂﬁah m& dsfh@eﬁ@yn sérigire- shaped
profiled F%egerco duc nag1 W res neans tha éf}df{\ ‘ﬁ-fﬂé Legng channel is
mai nt ai ned' HRAYBFT WeQLer FAdnnar LeRIoN5A CLY YA E™ES: "t hat pur pose,
t he sum otumaponsudiohdn thigtogegsi bly form bet vveen the profiled
superconductors during operation is, at all operating tenperatures of the
super conducti ng holl ow cable, snmaller than the difference in length |

bet ween the outer and inner regi on$=&(rcumiat ure of an individual profiled
superconductor. In this context, I =2 (ra - ri)/n, n being the nunber of

pt?ofl | ed superconductors distri buted on the inner wall of the outer tube, ra
bei'ng t henibgingrthe adnber &fprefikd supessondudlersadistributed endloe inner wathekthe gdielis of the

flow chappel, b@%%@ﬁwtep?adh%r&ttﬁb blﬁgr%e%nd?tﬂeﬁ{g tﬁHrﬁh%fr'r'écﬁugé‘ﬂhé'ﬁoWag =2

ra/n and the I'en e inner region of curvature of a profile
super condGeane!. BleRatﬁezhellengtm@ af @ ig Y EoHaIradivhs nust be satisfied at all
operating tenperatures of the superconducting holl ow cabl e:

Iak = 2 raln
and the length I of the inner region of curvature of a profiled superconductor
k=2r,

the following conditions must be satisfied at all operating temperatures of the
superconducting hollow cable:

n-s< lor

n-s <y - i
and accordingly the condition is to be met
8 <2 (ra-r)nd.

so that the central cooling channel is maintained. Accordingly the number of profiled
superconducting wires is dependent on the manufacturing tolerance and must, where
necessary, be kept as smal! as possible in order that the resuiting gap width s can be
allowed in the case of large tolerances. In general, in order to reduce the influence of
eddy currents, the two main dimensions of the cross-section of the profiled




ns< for n. S<I1lk - Ilk and accordingly the condition is to be net
s<2(ra-rv)/n2. so that the central cooling channel is maintained. 6[k:enﬁmr2006
Accordi ngly the nunber of profiled superconducting wires is dependen%

manuf acturing tol erance and nust, where necessary, be kept as small as

possi ble in order that the resultlng gﬂp width s can be allowed in the case
of large tolerances. In general, in order to reduce the influence of eddy
currents, the two main di mensi ons of the cross-section of the profiled 6
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of the inyent | on, the profiled superconducting wires have interneshing

profiled B Agad edges Wher eas the above observations are provided and deduced
for the formation of a central cooling channel fron1profi|ed super conduct ors
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condi t i onPRo¥red R thigfurheasm oga'&nwfdhwyen&qmatn whick dhe sige e%%@%?ﬁjde Vv,

results ||51rof||@§aﬁa|dbl$m§é>(tehd'}h)éQtra@hlﬂlné@mﬁﬂ‘béldwtr@wﬁte&|&ré£!§1h hghow two
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allowable gap width s, that offset, of a magnitude v, results in the value
s<( l+v)n.

The accompanying Figures 2 and 4 show two embodiments of profiled superconductors
having profiled side edges and the respective offset of magnitude v.

In a further embodiment of the invention, the outer tube is of two layers. A first layer
7 comprises one or more tensioning wires wound in a helical arrangement around a
i( ' ‘ bundle of superconducting profiled wires. A second layer comprises an electrically
insulating and hermetically sealing outer layer. This tensioning wire solution has the
advantage that superconducting hollow cables of any desired length can be produced

continuously.

In a further embodiment of the invention, the profited superconducting wires comprise
stranded or twisted superconducting filaments. Examples of embodiments of such
profiled superconducting wires are shown in the further Figures 8, 7 and 8 and are
explained later. The superconducting filaments are provided with a ductile metallic core
and a ductile metallic jacket so that that the superconducting wires are accessible to
profiling shaping. For the purpose, the profiled superconducting wires comprise a
metallic matrix (having a metallic core or centre, usually of Cu) and, for reducing eddy
currents, optionally additional high-resistance intermediate layers, for example of CuNi



insulating and hernetically sealing outer layer. This tensioning wire
solution has the advantage that superconducting hol |l ow cabl es of @pyc&igsr2ech
| engt h can be produced continuously. In a further enbodi nent of the
invention, the profiled superconducting wires conprise stranded or tw sted
superconducting filanents. Exanples of_ -embodi ments of such profiled
superconducting wires are shown in the further Figures 6, 7 and 8 and are

expl ained later. The superconducting filanments are provided with a ductile
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centre, ugwglly of Cu) and, for reducing eddy currents, optionally
additional high-resistance internediate |ayers, for exarrpl e of CuN 6
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superconducting orthorhombic material, which can be processed into profiled
superconducting wires.

The outer tube of the superconducting hollow cable is made from a metallic or non-
metallic material, such as a CuNi alloy, stainless steel, GFRP or organic material and
can have a circular, square or trapezoidal external contour or any other shape required.
'( The outer tube in question can be wound in appropriate Kapton tapes and/or fibreglass
tapes for electrical insulation. The square external contour has the advantage that
cooling channels can be incorporated within the outer tube in the longitudinal direction
so that not only are the profiled key-stone-shaped superconducting wires cooled by the
central cooling channel, which is in direct contact with the superconductors, but also, in
addition, they can additionally be cooled by the outer tube or the cooling channel
running through the outer tube in the longitudinal direction. The same also applies to
trapezoidal external contours because, in that case too, for example, four additional
cooling channels can be provided directly in the outer tube material.
The outer cooling channels can be open along the inner wall of the outer tube over a

finite width ~ |,.




The outer tube of the superconducting hollow cable is nade froma netallic or
non- nmetallic material, such as a CuNi alloy, stainless steel, G-RP or
organic material and can have a circular, square or trapezoi dal e¥%tle¢ogmber 2006
contour or any other shape required. t The outer tube in question can be
wound in appropriate Kapton tapes and/or fibreglass tapes for electrical

I nsul ation. The square external contourghas the advantage that cooling
channel s can be incorporated within the outer tube in the |ongitudinal
direction so that not only are the profiled key-stone-shaped superconducti ng
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possibilities for producing profiled superconducting wires.

One of the methods, according to the invention, of producing a superconducting hollow
cable comprises the following method steps. First, a compact outer tube having a
circular inner cross-section and a cylindrical inner wall that is as smooth as possible is
produced. Aside therefrom, profiled superconducting wires having a cross-sectional

[ " profile of a key stone as known for Roman stone bridges or for groin vaults are

" produced. For the purpose, the cross-sectional profile of the profiled superconducting
wires have an outer region of curvature which is matched to the circular inner cross-
section of the outer tube. Furthermore, the cross-sectional profile has an inner region of
curvature which is matched to the circular cross-section of the cooling channel.
Finally, the cross-sectional profile has side edges which are oriented profiled towards
the centre-point of a cooling channe! to be formed.

After those two main components of the hollow cabie according to the invention have
been produced, the profiled superconducting wires are first brought together to form a
longitudinally extended circular bundie around a central cooling channel. In the course
of that bringing together, aids such as adhesive substances can also be used in order to
ensure a material-based connection between the profiled superconducting wires. That



possibilities for producing profiled superconducting wires. One of the

nmet hods, according to the invention, of producing a superconducti ﬁg)mmbm@()%
cabl e corrpri ses the foll ow ng net hod steps. First, a conpact outer tube
having a «circular inner cross-section and a cyli ndrical inner wall that is
as snooth as possible is produced. Asige therefrom profiled superconducting
wires having a cross-sectional profile of a key stone as known for Ronman
stone bridges or for groin vaults are produced. For the purpose, the
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-g circul ®facagide tb@hﬁﬁﬁbelﬁng bel EE@'S%@@MW@QG@W higughittegethes Withen dr awn
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has the advanta e that the | ow cabl e can be assenbled fromtwo conponents
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stper cond¥¢EF WPHBFFSwW cabl e, the profiled superconducting wires produced are
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met hod varian arrarmngement” ar ound
is subsequently appiled over the tensioning wires. This method variant has the

advantage that unlimitedly long superconducting holiow cables comprising profiled
superconducting wires can be continuously produced.

A further method variant provides the possibility of heating the outer tube in the form of
a compact component and cooling a bundle of profiled superconducting wires having a
central cooling channel. The two components are then pushed one into the other.

‘{ Afterwards the outer tube shrinks onto the circular bundle of longitudinally extended

o profiled superconducting wires and causes the superconducting wires to press against
one another whilst forming a central cooling channel. This method has the advantage
that drawing-in of the circular bundle of superconducting wires having a central cooling
channel into the compact outer tube is made easier. in this context it is also possible for
only the solidly constructed outer tube to be heated or for only the bundle of profiled
superconducting wires to be cooled.

A preferred method of producing profiled superconducting wires comprises the following
method steps. First, in the standard method, superconducting multifilament wires of
round cross-section are produced which, in accordance with the intended conditions of
use, have an optimum microstructure, where appropriate with additional resistive
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super conducting hol | ow cabl es conprising profiled superconducting wires can
be continuously produced. A further nmethod variant provides the possibility
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In accordance with one embodiment, the invention accordingly relates to a
superconducting hollow cable having the following features:

- an outer tube (2) having a circular inner cross-section and a cylindrical inner
) wall (3); ' _
r: - a central cooling channe! (4) having a polygonal or circular cross-section which
is smaller than the inner cross-section of the outer tube (2), there being
arranged between the inner wall (3) and the cooling channe! (4) profiled
superconducting wires (5);

- profiled superconducting wires (5) which comprise at least one
superconducting filament (6) and which have a cross-sectional profile of a key
stone as known for Roman stone bridges or for groin vaulits,
characterised in that
the cross-sectional profile of the profiled superconducting wires (5) has an
outer region (7) of curvature which is matched to the polygonal or circular inner
cross-section of the outer tube (2) and an inner region (8) of curvature which is
matched to the circular cross-section of the cooling channel (4), and the cross-
sectional profite has side edges (9, 10) which are oriented profiled towards the



means of appropriate forging procedures. Instead of a solidly co ructe
outer tube, jacketing of the profiled superconducting wres can%i?me'érdZO%
acconpl i shed using helically wound tensioning wire, for exanple nmade of

Ni Cr, Figure 13: The electrically insulating, hernetically tight outer |ayer
is subsequently produced, for exanpl e_1qy_ means of polynerisation. In
accordance with one enbodi nent, the invention accordingly relates to a
superconducting holl ow cable having the follow ng features: - an outer tube

(2) having a ci AL -Sechi d " j ' wal I (3);
- a central cooF?ﬁE@éﬂgﬂqg{ oifth?%ﬁ%\'ﬁ;-@ncéagﬂedg{ﬁy’bh%n@ﬁngggé‘)«%rgémdadr%ﬁﬁ 0Ss-section
whi ch is smal | @ires fRrbeingearranged corthss ngewall () obthetduderdube (2)t anskth¢2) | t here
bei ng arranged; VRSt i eyl : Walsf ik 4)
profiled superi:r@%gucti géﬁ&of‘rtlte?é'ﬁrzog;@?i {Upéﬁé?@f@abgﬁrggg@loﬁﬁgﬂlggF‘?\é;wvﬁ“rr] s (5)
whi ch conprise &taNneh&y) obie suparsendunting bollavycakie 4hent (6) and which have a
cross-sectional profile of a key stone as known for Roman stone bridges or
for groin va charcﬁ%terised in that the cross-sectional grofile of the

ts, _
profiled sup L‘%BHB?J'E?'? ting pellow eable,can be,chasggieiseddy that therprogledcur vat ur e
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Decenber 200 tne-poi.n 11 f & i h 4) ., . & profiled
super conduct ?ﬁ%th&'v%hggés} adlﬁoggaélp%éérgpérgﬁ.ﬁ%sd&gplg? %%r?%n@ﬁmﬁ%uo 3’))a,b§fﬂf he outer
tube (2), antheymeaintaimeecentedcanliag CBanrad (4)wethgheif innedregigner(8pofcuotaturg. wi r es
(2) formng the cooling channel (4) of the superconducting hollow cable (1).

The superconducting hol |l ow cabl e can be characterised in that the profiled
super conduct T hi§ superesnqusfing helloyr eatiie ean ke chargeterisecoin thatdhe awwofgap | (3) of
the outer tyRend @) oPEos%fEﬁe @d%b&&gﬁhﬁ%{ibr@o&@bér@tﬁeﬁgﬁl@d %é@er@&ndﬁ@ﬁd@s of their
outer regions, 7? of curvature and with their radially oriented side edges
(9, 10) adj a¥i 3 ds. @hall operating temperatures of the superconducting hollow cable (1),

smaller than the difference in length ( |) between the outer (7) and inner (8) regions

of curvature of an individual profiled superconducting wire.

Furthermore, the superconducting hollow cable can be characterised in that the
profiled superconducting wires (5) have intermeshing profiled side edges (12, 13).

Furthermore, the superconducting hollow cable can be characterised in that the

profiled superconducting wires (5) have special surface coatings or partial high-

resistance jacketing means in order to reduce eddy current effects and thermal
P losses.

Furthermore, the superconducting hollow cable can be characterised in that the
profiled superconducting wires (5) are twisted around the central cooling channel.

Furthermore, the superconducting hollow cable can be characterised in that the
profiled superconducting wires (5) have ceramic superconductors or high-
temperature superconductors.

Furthermore, the superconducting hollow cable can be characterised in that the
outer tube (2) has a circular, square or trapezoidal external contour (17).



anot her that at all operating tenperatures of the superconducting holl ow

cable (1) they nmaintain a central cooling channel (4) with their inner

regions (8) of curvature. This superconducting hollow cabl e can be December 2006
characterised in that the sumof gap wdths (s) of possible radial gap
formati ons between the profiled superconducting wres (5) is, at al

operating tenperatures of the superconducting hollow cable (1), snaller than
the difference in length (I) between the outer (7) and inner (8) regions of
curvature of an individual profiled superconducting wire. Furthernore, the
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the profiled superconducting wires (5) have special surface coatings or
partial highs resistance jacket,i ns in order to reduce. eddy, current
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hol | ow cabl e&gg{ﬁp @q’?ﬁér"g‘% 'égﬁsoé%rﬁgﬁﬁglt%h%'ﬁ% °P{6‘§eg’?§¢r§%g‘épueger conducting wres
(5) have cereandoctotsp@d.conduct ors or hi gh- tenperature superconductors.

Furt hernore, the superconducting hollow cabl e can be characterised in that

the outer tube (é) has a circular, square or trapezoidal external contour
(17). 6 Decelftpsecrgignes with 2 figrther lestbagiment ithe invgpliarcsiatrrcalsatp aolethod dabl e can

be char act erjrgggkihda s08ércbitBuctif héifow! cHbR (13)wWiiETBEMhSRes @0tdIBginghannel s (118)

inits longitudinal direction. ~ Furthernore, the superconducting holl ow cabl e
can be char dREBPASERSi n that the coefficient of thermal expansion of the

mterial of a gaoPasig &Mb@@ri%@??(t?évirigsa cigfuRRtifer chRB-skbRorcarfd i ci ent  of

t hermal expansi Oﬂ é)f L.he Ipro[}{i_}b_e super- conductors (5). In accordance with a
further embodi feHRANERENE WL on rel ates also to a method of producing a

super conductd ngrbdldimypodlketsupdrconduatichwires s)ihaeing tareodsseaivnal grofitedthod
steps: - produci ad, 48n Q4L Rhor R RoRan S cReS oF floflin LANRT v g8&: section
sectional profile of the profiled superconducting wires (5) having an outer
region (7) of curvature which is matched to the circular inner cross-section of
the outer tube (2) and having an inner region (8) which is matched to the
polygonal or circular cross-section of a central cooling channel (4), and the
cross-sectional profile having side edges (8, 10) which are oriented profiled
towards the centre-point (11) of a cooling channel (4) to be formed;
- bringing together the profiled superconducting wires (5) to form a longitudinally
extended circular bundle (28) around a central cooling channel (4);
- drawing the circular bundle (28) having a central cooling channel (4) into the

(L outer tube (2).

In accordance with a further embodiment, the invention relates also to a method of
producing a superconducting hollow cable (1), which comprises the following
method steps:

- producing profiled superconducting wires (5) having a cross-sectional profile of
a key stone as known for Roman stone bridges or for groin vaults, the cross-
sectional profile of the profiled superconducting wires (5) having an outer
region (7) of curvature which is matched to the circular inner cross-section of
the outer tube (2) and having an inner region (8) which is matched to the
polygonal or circular cross-section of a central cooling channe! (4), and the
cross-sectional profile having side edges (9, 10) which are oriented profiled
towards the centre-point (11) of a cooling channel (4) to be formed,



cylindrical inner wall (3); - producing profiled superconducting wres

havi ng a cross-sectional profile of a key stone as known for Ronaﬁfkﬁﬁﬁ@“2006
bridges or for groin vaults, the cross- sectional profile of the profiled
superconducting wires (5) having an outer region (7) of curvature which is
matched to the circular inner cross-seggion of the outer tube (2) and having
an inner region (8) which is matched to the polygonal or circular
cross-section of a central cooling channel (4), and the cross-sectional
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bringi ng toget hgbsd- E&t@h%tﬂ'a%jrhﬁdm@hﬁﬁé\dh&fi(ls g wires (5) to form a
I"ongi t udi nal Iy t ended _ci rcul ar ound a centr al

channel (4);" WHE%@”%PFOf'@QsSPPBWB“‘?@HEQ ¥ fgﬁ an,v B9H Hﬁﬁﬁs??‘i@"ﬁ'ﬁﬁ %an a
helical arr ang@nanitbn@ eyehmm@fdranmmdaamuged otraﬂsgr@mvagltswreecmﬁt-h an

el ectricall n n her net | cal lin f t he
superclonduc%ll |ngsuh %\Wgoéi ?f t_he prorﬁ?ecf superc%nau&m'g res% havm@lano

region (7) of curvature which is matched to the circular inner cross-section of
the outer tube (2) and having an inner region (8) which is matched to the
polygonal or circular cross-section of a central cooling channel (4), and the
cross-sectional profile having side edges (9, 10) which are oriented profiled
" towards the centre-point (11) of a cooling channel (4) to be formed;

- bringing together the profiled superconducting wires (5) to form a longitudinally
extended circular bundle (28) around a central cooling channel (4);

- bringing together the halif-shells, with the bundle lying inside, to form a compact
outer tube of the superconducting hollow cable.

Those methods of producing profiled superconducting wires for a superconducting
hollow cable can comprise the following method step:

- profiling the round standard shape of superconducting wires (5).

Profiling of the wire can be accomplished by means of profile rollers.

Furthermore, profiling of the wire can be accomplished by means of a profile block.

Furthermore, profiling of the wire can be accomplished by means of reshaping
forging.



I n accordance with a further enbodinment, the invention relates also to a

met hod of produci ng a superconducting hollow cable (1), which confpPeewusbarR06
following nethod steps: - producing two half-shells of a conpact outer tube
(2) having a circular inner cross-section and a cylindrical inner wall (3);

- producing profiled superconducting wiyes (5) having a cross-sectional
profile of a key stone as known for RohBn stone bridges or for groin vaults,
the cross- sectional profile of the profiled superconducting wires (5) having

an outer reg o] yat ur e wWhi gh..i 0 the circular inner
Cross-secti ogjugtﬂ e'('{%rg’ %’L%%!'M?@E%aert'%@a%ﬁﬂnigﬁ?‘%époiﬂec% %W§F°°P§§?t®§ V‘f"z?)s b\X,hi chis
mat ched t o t Heeanscif ynpdalgloaiing errluprarided.oss- section of a central cooling
channel (4), and the cross-sectional profile having side edges (9, 10) which
are oriented profiled towards the centre-point (11) of a cooling channel (4)
to be forned;The ipantien wil navges exraipedingreater defaibwiterefeirnaetathg wires (5) to
form a | ongi tadebigaiying ﬁ?@r@gded circular bundle (28) around a central cooling
channel (4); - bringing together the half-shells, with the bundle |ying
inside, to forma conpact outer tube of the superconducting holl ow cable.
Those net IFafise of RROWS BicREseefidr, atldiagReiERARIGE ItRGuyh Besipbbnducting

super conducti ng

hol | ow cabl e can conprise the follow ng.nethod step: -
profiling the rouﬁall@'i’ 8?1@%?80%@5%@ BEP%ﬁB’E’PQ'BWHLB{t}"ﬁé”W%P% (5). Profiling
of the wire can be acconplished by neans of profile rollers. Furthernore,
profiling e W ap he acconplished b ans of a profil | ock.
Furt her mrﬁur%?of ;%{nﬁaggfos? ﬁs‘:‘i'/ﬁ’}« gﬁo %lggraggneﬁ%é%r |‘$’8H%H ab@p%grﬁ@ucﬁ?gr eshapi ng
forgi ng. 6 Decenbépll@0table adebrding tcha sevams, ensbrodirdetittof theainverdionj al j acketi ng of
the profiled superconducting wires by neans of netal coating can be

priovi ded. The invention will now be explained in greater detail wth
ref erence Figyre Be shewdapesgisagtin, Judiagranmajigrierm thypugk adetglod $hasect i on, in

di agrammati c for mg, b} IR ﬁ&BW%@é&Bi—m tolHR4dr@w; cabl e according to a

first enbodi nent of the invention;

Figure 4  shows a cross-section, in diagrammatic form, through a superconducting
hollow cable according to a third embodiment of the invention;

Figure 5 shows a cross-section, in diagrammatic form, through the initial form of a
superconducting wire before being provided with profiling;

Figure 8 shows a cross-section, in diagrammatic form, through a profiled
superconducting wire after being provided with a profiled shape fora
superconducting hollow cable of the first embodiment of the invention

.-._
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according to Figure 1;

Figure 7  shows a cross-section, in diagrammatic form, through a profiled
superconducting wire after being provided with a profiled shape for a
superconducting cable of the second embodiment of the invention according
to Figure 2;

Figure 8  shows a cross-section, in diagrammatic form, through a profiled
superconductor after being provided with a profiled shape for a
superconducting hollow conductor cable of the third embodiment of the

invention;



Figure 2 shows a cross-section, in diagrammatic form through a

super conducting hollow cable according to a second enbodi nent of the
invention; Figure 3 shows a cross-section, in diagrammatic form through
detail of the superconducting hollow cable according to Figure 2:01P$%H0
shows a cross-section, in diagranmatic form through a superconducting
hol | ow cabl e according to a third enbadigeent of the invention; Figure 5 shows
a cross-section, in diagrammatic form through the initial formof a
superconducting wire before being provided with profiling; Figure 6 shows a
Ccr oss- sectFigune 9i n sHowg b angEstdeetidr indliagratuiglt farmprtefougl @ supdehewstidycti ng wire

after being provi wi.th a profiled_shape for a erconducti ng hol | ow
cable of the fi r558@0%8#%3&@'?9{%3f?%@e%?%megcoiﬁ%ﬁnﬁanq{%' Figure 1; Figure
7 shows a cross-section, in diagrammatic form through a profiled

super condygt j ] e el I OV L& p i f a

super cond %rﬁ go \gﬂgﬁfweéf)# c{rﬂ% ééét}ggﬁdr?é'ﬁg% %tﬁ]{]fogrp, t{hﬁ%dg!hﬁc@g E{;ﬁ%ﬁs 8@% ording to
Figure 2; Figure 8upgieordugstiog bellowseable ancording Wi atfimembodimenbefthet hr ough a
profiled supercopgupiigy: after being provided with a profiled shape for a
super conducting holl ow conductor cable of the third enbodi nent of the

i nvention; 6 Decenber 2006 -15 Figure 9 shows a cross-section, in

di agr anmafFigurd T Mehdkd Q@ms%eéwﬁiﬂ&g&uﬁﬁﬁm for®lthiRVigk akluBerer@idtihgg to a
fourth enbodi ment OII the invention, FIqure oido shows the cross-section, in

di agranmati ¢ f or n{"o19¥ 63RIR 265RE0I0G 19 2 sk gpb 'mgnﬁ%qu"ng hol | ow cabl e
according to a fifth enbodi nent of the invention; Figure 11 shows a
cross-section. .4 n_di agrammatic.form. through a superconductin hol | ow cabl e
eoordr mo I 1 SO ASR SRR Reforo Y Min iAo Hheh g AsURbre Bl
cfross-section, i nhdleageabieratiordifigtana seventiughbadisepeofdbedhwetiiorg hol | ow cabl e
according to a seventh enbodi nent of the invention; Figure 13 shows a

cross-section, in diagranmatic form through a superconducting
Figure 13 shows a cross-section, in diagrammatic form, through a superconducting

£3006

hollow cable according to an eighth embodiment of the invention;

Figure 14 shows, as Figure 14a, a photograph and, as Figure 14 b, a drawing, in
diagrammatic form, of a superconducting hollow cable of the CICC type in a
standard arrangement

Figure 15 shows, as Figure 15 a, a photograph and, as Figure 15 b, a cross-section, in
diagrammatic form, through a superconducting hollow cable of the CICC
type according to the prior art (POLO cable).

T Figure 16 shows, as Figure 16 a, a photograph and, as Figure 16 b, a drawing, in
diagrammatic form, of a superconducting cable of the Nuclotron type in a

standard arrangement.

Figure 17 shows a cross-section, in diagrammatic form, through a superconducting
hollow cable of the Nuclotron type in an improved arrangement.

Figure 1 shows a cross-section, in diagrammatic form, through a superconducting
hollow cable 1 according to a first embodiment of the invention. This hollow cable 1 has
a central cooling channel 4, which is surrounded by profiled superconducting wires 5,
which are usually twisted muitifilament wires. In the cross-section shown here, these
profiled superconducting wires 5 form a ring directly surrounding the central cooling
channel 4 so that those profiled superconducting wires can be intensively cooled by the



hol | ow cabl e according to an ei ghth enbodi nent of the invention: Figure 14
shows, as Figure 14a, a photograph and, as Figure 14 b, a draw ng,6ﬁ)¢ﬁember2006
di agrammatic form of a superconducting hollow cable of the CICC type in a
standard arrangenent Figure 15 shows, as Figure 15 a, a photograph and, as
Figure 15 b, a cross-section, in di agE@matlc form through a

super conducti ng holl ow cable of the C type according to the prior art
(POLO cable). Figure 16 shows, as Figure 16 a, a photograph and, as Figure 16

b, a draw Qant Btredhh. aﬂ{eaﬂrmééi gU[gé?E(SHdUQFI @Nﬁ#@ﬁ%&/’&?@%rﬁ ls%li&g the

Nucl otron type in a andard_ arrangene Cross-section,

in di agr arﬁ?é]ﬂr'éCt‘F‘i‘)PWﬁrWﬁﬁguyhica h@ﬁ@éﬁ'@’tﬂﬁ&@ﬂ@b ﬁ@a'nﬁwhl@wh@&mf@%f t he

Nucl ot ron stub@@ohau@ﬂ wvegtsvaeé .rﬁélb@@ﬁtﬁmeﬁt Tﬁé Bkﬂf%dlsﬁﬁﬂibﬁd@ctﬁ‘a@%%s%eﬁ ion, in
super conduc hol | gw cabl e 1 ing to a

di agrammatic for ou or

first enbdmvr%@rﬁf"%ﬁrsetcri%n P8 cOTBRPoTTA (S S KB FlgRF SR BIHTATBEI0e SGBREL Al cool | ng
channel 4,Gothicaiault.s surrounded by profil ed superconducting wires 5, which
are usually twisted multifilament wires. In the cross-section shown here,
these profiled superconducting wires 5 forma ring directly surrounding the
central cdldiis prgfilediaamnelutet region Aaff cutvates whichiid edtcheg & hercdoctura@f tier es can

be i nt ens'l?(r?ér*/a(ﬁ dAf?ﬁe Qlyte !?Jr%gg Eﬁgf%mﬁéﬁ,iﬁogros? %Qct% cgfﬁpetp?ﬁ%ﬁam The

profil ed supercon y a so constructed
outer t ub@ugercmhdlmtin@weaﬁ has marinnexirégian B@Qaturnelture/wvh@h ig rrnetcped)m thed

super CO”d%Haﬂﬂe‘Mf frf’esceﬁtrélrc%ohﬁt\;l\gﬁé?ﬁél AR Rt erﬁBSaneEf d)f'tf-?@'m'%rls'll?t‘%‘dnc‘fH?!:O'UCt ' ng

wires 5 have Cross-secti on corresp onds t one of Roman
bri dge anmf@‘rIE%$up£rcqedvﬁlr@ WIERS! & haveningoqily éwmeégﬁ%lg agd 18dﬁmh @fégﬂﬂéﬂte‘?’ of

t(zr VathetMér@lBthécéﬁﬁbcﬂb‘ﬂﬂ 1t1%f&ﬂleecérwa}/@dduﬁ§cﬁ%nﬁeha TH widB 4 béwebnt he outer

be 2. Fur cross-section. of ed superconducting wires
5 has an |%J9F§QF6W3%Q%FUE?IF%H‘{9F%Q Viseth CP%“‘ﬁé"Fc?r?éﬁfg?@st be.gesiefur e of

the cent r decamsel dtherwiseahe ahndlar structdre of fhlerpsbfiledrigst rmﬁucmfgwuml% arﬁ_raislh on, the
ich are

profiled superconducting wres 5 have smoth side edges 9 an

b Cent od 3 B3HF J0E tHAUnG EhiireT 3 o7 et ifords SEREPBENThEFTE D% i Bnel 4. “The
gap width \nsdtbes\rmmhtheséfde kdiges thah thelfiffernte srulpegtbon diltiei cagrature éshghh gannot  be
as large P tmutaqe&iﬁﬁ 'Yro?(aurvature minus the curvature length I of the inner region 8 of

curvature of the profile of the profiled superconducting wires 5.

Because twenty profiled superconducting wires 5 are provided in this first embodiment
of the invention, the gap width s that can be tolerated between the side edges of
adjacent superconducting wires 5 is extremely limited. Also, this limitation is not least
dependent on the difference between the inner radius r, of the outer tube 2 and the
inner radius r; of the cooling channel 4, as explained in the formulae hereinbefore. A
superconducting hollow cable 1 of such a kind has the advantage that the resistance to
flow within the cooling channel 4 is extremely low and, as a result, a high cooling rate
and high mechanical stability can be achieved. It furthermore has the advantage that
the cooling medium directly contacts the profiled superconducting wires 5 and,
accordingly, intensive cooling is ensured even for short heat pulses. Finally, this hollow
cable has the advantage that it is made up of substantially only two layers or
components: namely the concentric bundle of key-stone-shaped profiled
superconducting wires 5 and the solidly constructed outer tube 2. Further thereto, for
the purpose of (additional) electrical insulation, this superconducting hollow cable 1
according to the invention can have a Kapton tape wound around the external

contour 17 of the outer tube 2 and, if necessary, further electrically insulating layers, for
example of fibreglass tapes. This applies to all the variants corresponding to Figs. 1, 2,
4,9, 10,11 and 12.

o



because ot herw se the annul ar structure of the profiled superconducting wres
5 and, as a result, the cooling channel 4 in operation is destr@oPeccmben@0@um
n s of all gap widths s nust therefore be |l ess than the difference in length
| of the curvature length Ik of the outer region 7 of curvature mnus the
curvature length I;k of the inner regios 8 of curvature of the profile of
the profiled superconducting wires 5. Because twenty profiled superconducti ng
wires 5 are provided in this first enbodinent of the invention, the gap
width s that can be tol erated between the side edges of adjacent
superconductlngﬁw res 5is extrenely limted. Also, this limtation is not

| east depBRdEReW sableHeof dhe aspad embediment AifferreTorm ig hollow eable hobthefird out er
tube 2 an@dnidagimdnt Wherp@éhlllﬂlg of theWrofiE®s GRAEIAACHTRARRS 5. 4n aaditiek@Jtakned in the

formul ae her el nbef ore erconductj ng hol | ow cabl e of such,a ki nd has
the advant8y8oPRs aieehéh%S@sqre ShEWPFEPNAUCHE Wirgshd RaYehan eﬁ%ﬁf@ﬁglaew%a 4is
ext renel y whintv siidionaldy itpr@&sltie inferieghing epihetgofiied su eamwdubmrg wesshsni cal

bili b hi i
BRI e e e
accor di ngktheseipntfiexs superamalicting wiseseh Sheedlatoreshiff etwebothie fusaiblepgdpses. ,

Final Ly s Sl s abl e aso S paduantaos ity [hel Ro0s M Alee

subst anti conce

key- st oneaschtatwemapmltﬂdelveﬂ thesafﬁa@tt baﬂamadyrt@ewdmgsﬁdandietaﬂélesmmbaid:ry.
constructed outer tube 2. Further thereto, for the purpose of (additional)
el ectri cal insul ation, this superconducting hollow cable | according to the
i nvent i on Figare Babewsajkesssectieh & degiammaatisadn.tthiough eedetall ofdlmt our 17 of t he

out er t ubgugeradihiucting AGRASERIY1 abddrdiRg o PGt '(ﬁﬁﬁﬂdﬁehfﬁ#ﬂvﬁb'tﬂ&sérﬁ¥ers for
e{arrpl e of fibreglass tapes. This applies_to all the variants correspondi ng

to Figs. funcyons gsinghe prgceding gigyresoare ddantifiediby thesgmee refarenceeymRals 3 cabl e 1

o:rb t ge Se?@%p@@@l?'di&ﬂ?se@' if‘gaﬁetS:?1 ke, }tdﬂlﬁn gﬁlhrgéw&abl me?n@f'méélﬁwg‘d)frtﬁé

enbodi nen in e profile u cti,n €

addi t1 on PR peEpRaesE s s RO Fo iR 1S lkeenateltd S0t es s nave
an of f set eddesrtyamd t@le v, which additionally inproves the internmeshing of
the profiled superconducting wires 5 and allows |larger gap w dths s between
the adjacent profiled side edges 12 and 13 of these profiled superconducting
wires 5. Figera ¢sbewoashisp-seetione endiagrammusicifbing trapgh wisdiperscoadicttiohe di f f er ence

in Tengt hp L RELee R b5 aRYEEE t3RCeh BB hES 1R RvaitichU TR UM Pembodiment
of the invention differs from the preceding embodiments in that the number of profiled
superconducting wires 5 has been reduced from twenty in Figures 1 and 2 to ten in
Figure 4. The intermeshing of the profiled superconducting wires 5 is enhanced by
means of the fact that the superconducting wires 5 have pointed profiles 20 on their
) profiled side edges 12 and 13. These pointed profiles 20 form an offset of magnitude v,
% which in co-operation with the difference in length | between the outer and inner
regions 7 and 8 of curvature of the cross-sections of the profiled superconducting
wires 5 increases the tolerance for the gap width s, so that a higher tolerance with
respect to gap widths s that are formed can be permitted without the structure of the
superconducting wires 5 arranged inside the outer tube 2 collapsing.

Figure 5 shows a cross-section, in diagrammatic form, through a superconducting
multifilament wire in a standard arrangement. Such wires have a circular cross-section
and comprise, as described hereinbefore, twisted superconducting filaments in a more

or less complex Cu matrix.

Figure 6 shows a cross-section, in diagrammatic form, through a profiled
superconducting wire 5 after being provided with a profiled shape for a superconducting



and the magnitude v of the of fset has already been di scussed in det ai

herei nbefore. Figure 3 shows a cross-section, in diagrammatic forgpetdd2006
a detail of the superconducting hollow cable 1 according to Figure 2.
Components having the same functions as in the preceding Figures are
identified by the sane reference synbolss and not separately di scussed.

Figure 3 shows, to an enlarged scale, the internmeshing of the profiled
superconducting wires 5 by neans of the offset 19 of adjacent profiled side

edges 12 apflowt 3ablEH Bk frSAANGIRAT RS ﬁ@éﬁtioﬂ%pérein@ita%@mt InGh& or m
t hrough a su%gr onduct i nc% ow cable 1 according to a third enbodi nent of

hol | _ , t _
t he i nventPdie oTRPIBI PHRVIdRdeHBLHRhEIAPE, BIVirE RECOTAIPE AR ISP A MR .fUsHiEh t he
Er ecgdi ng d&r&@ﬂd iécbl%ﬁbﬁ)ﬁid%, §<t5|&fa_t tH@ge_ awmﬁﬁidqfongﬁéz)fmitwé ﬁ?hd,%%ﬂﬁﬂ%@@@dﬁ‘??ﬂg_rw res 5
as been reduced from twe i n, Figures a o, ten i i qure ¢ e
i nt er meshi*Hg2Bire 2R O;S‘rtbFioﬂl% h@ﬁ‘ﬂ)@r”c'B'F\%MEQ'P?lg qucyrggtuge.ir@r@ﬁﬁawge@eﬂ;ie neans of
the fact tebdgts ®herd30per mlivdbgimaugs\of raliersSsehavan gspropréde pnglkitb eae 20 on their
profiled gj and. 13. These pointe rofiles 20. form an of fset of
gt t ude 200ReGiTERd § £sgdred PERR AR Brdiefren B PR Dot ween
t he out er pavitinghdrewing digiceamalsd bereinBoyed. nuthe abse ef this métbod rtbe sewrdatiieons of
the profil UCE | 1.{.€ -' r s _he gap
width s, gﬁ%ﬁﬁ*ﬁgéﬁfﬁ%ﬁ S pet oS ol SLAERET i WL S AR A Bost 12, %27
f or med canegien@oveined &Y the dipwding dike structure of the superconducting wires 5
arranged inside the outer tube 2 collapsing. Figure 5 shows a cross-section,

in diagrammatic form through a superconducti ng multifilament wire in a
st andar d &iGush§Ehews a cassteediondn dlag@minaticferm. dhrodglbaqrafdedi on  and conpri se,

gs. descri ggbrberdRiciMehPE 8 affebshg BrovitRanadIpetiled8hhbd RIMRNLDetddndudiiBge  Of
b ough A CERBIGN BF SSSpR FEURAIAN AT P @ o APeer IR I OBk TRt &
profiled shep® diqy edyesuszaire eiMlstidwig Figure eeinlies 242047 this bBofiiag prfiiegiabl e 1 of
e ot SRR oL LS 0 RS el R U R DBl 7L
using di tHeee erst forroéd steppedshdulders $8, whictt make pessivle intemmestingarfititehe one hand,
cur vat ur e PR Ee Rond AR BV B Bl OB o8Bl 0 ) “remne of
rollers set at an appropriate angle to one

Figure 8 shows a cross-section, in diagrammatic form, through a profited

superconducting wire 5 after being provided with a profiled shape for a superconducting

hollow cable 1 of the third embodiment of the invention according to Figure 4. This

profile too, which has a profile point 20 on the side edge 12, can be obtained by

appropriate shaping of an initially circular cross-section as shown in Figure 5. For the

purpose, either four differently shaping profile rollers or a drawing orifice of appropriate
{ shape can be used in order to produce the four profile edges of the cross-section of the
N profiled superconducting wires 5. An advantage of these profiled superconducting

wires 5 of Figure 8 over Figure 7 is that an outwardly bulging pointed profile 20 of the

profiled side edge 12 is easier to produce by means of profile rollers than is possible for

the profile having a stepped shoulder 19 of Figure 7 and that the intermeshing of those

shapes contributes to the profiled superconducting wires' orienting themselves around

the cooling channel.

Figure 9 shows a cross-section, in diagrammatic form, through a superconducting
hollow conductor cable 1 according to a fourth embodiment of the invention.
Components having the same functions as in the preceding Figures are identified by the
same reference symbols and not separately discussed. The difference from the
preceding embodiments lies in the fact that, as the solidly constructed outer tube 2,



another. Instead of a rolling nmechanism draw ng through an appropriate

shape- providing drawing die can al so be enployed. In the case of(%Bis

met hod, the round wire shown in Figure 5 is re-shaped into a profd Peggmber 2006
superconducting wire 5 having a cross- section governed by the draw ng die.
Figure 7 shows a cross-section, in dlagéannatlc form through a profiled (1
superconducting wire 5 after belng provided with a profiled shape for a
superconducting cable 1 of the second enbodi nent of the invention accordlng

to Fi gureggre i's%%Fe%?e@ ‘q‘?uroutérerBé P«hﬁhﬁéﬂth%ﬂ ﬁﬁaﬁﬁ%ér fii %f'.rirgé?gs\r/&g dsﬁa bgure 6,

the case of this of I[:‘)ed or drawn
t hr ough asqi@awﬁgrnal @Rﬂtourﬂﬂ afa resuicd yaich; e %I?Eehﬂrb'ir thecsteeneppfdhe houl der s

19, whi Chot.ﬁf@kl@b@@ﬁﬂn'@fe%sbtﬂ”aﬁﬂ Bt BeheP hahdl@he BFRILEHRLITORPRECHINEhh Bg Wi res 5
when t he h | 1 ow ]& able |s assenbled. Figure 8 shows a cross-section, in

di agr anmaty t"’m? SIPRiftsdgh a profiled superconducting wire 5 after bei ng
provided with a profiled shape for a superconducting hollow cable I of the
third enbod

i ment  of e invention ,according to Figu 4, rofile too,
whi ch st G- B s Rls 0T o500 1 HAS ST B g™ 1o dgh R ke tBtS i by
appropri ﬁ:tlmempmtgwgcbfolfm conc?lidtcaldgy!fegl davokding tor ofifeh embbdl?mnasf tsbown in Figure.
5. For t p, r .four di In r of L. ers or a
dr awi ng o'rﬁ}/ rﬁ’éé @?r%gorgefng%ﬁ?va@% esﬁ% %ﬁk%e E@@% Ce@ﬂ@e‘?'!ﬁrgg%tr%duce t he
f our pr ofidertified g dhesambecferenss sgrebels end 06t sdweratplydfscugi,-dsmbedrﬁfemetl ng

wires S. @‘%%%ﬁﬁ@ﬁﬁv@@m@nt BP@I@%\%PR&LE ﬁgrssf%?ﬁ%oﬂg &}lh%?m}%(ﬁlg%né iﬁ’fttha% lgure 8

over Fi gure an out war 1 ng EOI nt ed
profil ed 6P @utestithe 2 baving esguare emrrpﬂ% @@lrmt@ér &/haﬁaahwemrorqﬁfwf the saddneer s t han

| §-POSSi bé,&erfteseztm.twngf&doﬁn&ewémls%mw%ﬂgﬁuwx@ﬁéctﬂoﬁ o@iheﬁhcgrewe 7 and
that the internmeshing of those hapes contri butes to the profiled

super condt®Olg ho\s resdlt, the icaplinarastiom e @s\argady dearabed H%f%fqr?rdJE‘c hannel .

Fi gure 9 mARMSHBnSHiaSRr §6S bl cdble fi agrammatic form through a
superconducting holl ow conductor cable 1 according to a fourth enbodi nent of

t he invention. Conponents having the sanme functions as in the preceding
Fi gur es afiguredershiove @tcrbys-§dttion SAdRagrah @ atnensyrdghs supgravdtdustegar at el y

that .~ as TolB"Safodatsy @Bt plrutd Brua SRR S d DRl RonoBlerehse "t ere 1 <
sel ect ed rameyaltedentatibg prdfilechsupatdohduding h\anesn@fexengd nurdenac2dengtimgrtheval | 3, has
a outer tube and reference numeral 18 denoting cooling channels in the cuter tube 2 in

the longitudinal direction of the latter. By virtue of these outer cooling channels 18,

which extend along the inner wall of the outer tube and which have an opening to the

bundie of profiled superconducting wires, the twisted profiled superconducting wires are

accordingly additionally cooled from the outside in direct contact with the coolant after

each quarter-turn of the helical displacement. In this variant too, all the wires are subject
(. ' to absolutely identical electromagnetic, mechanical and thermal conditions.

Figure 12 shows a cross-section, in diagrammatic form, through a superconducting
hollow conductor cable 1 according to a seventh embodiment of the invention. The sixth
embodiment of the invention differs from the preceding embodiments in that the outer
tube 2 has a trapezoidal external contour 17. This trapezoidal external contour 17 can
be advantageous when a plurality of these superconducting hollow cables 1 are
assembled into a circular coil or when specific coil geometries have to be produced in a

mechanically compact manner and in as stable a manner as possible.

Figure 13 shows a cross-section, in diagrammatic form, through a superconducting
hollow cable 1 according to an eighth embodiment of the invention. Components having
the same functions as in the preceding Figures are identified by the same reference



square external contour 17, as a result of which, on the one hand, the
strength of the outer tube 2 is increased and, on the other hand, 6Dh@,ember2006
production of conpact coils can be substantially sinplified, Figure 10 shows
cross-sections, in diagranmatic form through two variants of a

super conducti ng hol |l ow conduct or cabl e according to a fifth enbodi nent of
the invention. Conponents having the s&@ne functions as in the preceding
Figures are identified by the sane reference synbols and not separately

?'r 3 %ufﬁgdps E&g C?déﬂcdf et @Qgﬁateﬁ{dé&lé?i 'Ithter}}u?mgégt iW?tﬁ'i% uc%@e Eﬂﬁrrﬁéﬁ’ﬁ&% W8 differs

aving a square
ext er nal d@yﬁrémﬂr&tﬂayﬁshavm & teesioninaavire 33t for kxarsplganf &iCo wognd trmabeI@al

addi ti onalorpghinBet, %haan%he%trﬂc%w msmaﬁnd ﬂeﬂﬁétugwéanﬁ%&)grefr Idyer 94, f&he hol I ow

cable 1. As aresul't, the cool 1'ng action can crib
her ei nbef &X@mp!?ePFOF*uﬁqdrwrmee@fﬁomn&ilsmn faiarendy %wnéa%h@rembehr@dhlé 11

shows a cresih 8RbbHipibNt bithdiiR@hasABITEE fFddh e ;sreeém?ﬁe@bw%hfécmmt i ng
cabl e accor of the jnvention,

hol | ow con

reference’ #%?\Cg?faqs 'd&’e‘?%‘ﬂ“ﬂﬁje‘g 1%”%%8 J§E@'P€8ﬁﬁ@o‘trf’ﬂ%\ﬁFP%‘EO“dP%tFQQr ence

‘ nﬁmer a: 2 vd@sgé aegniplighe by ﬁfeahSJbﬂeaéidnth?fnﬂémﬂdﬁg%bﬁdal &&a@@mﬁm I’tlg cool i n% .
channel s in.the outer nal direction the latter. By
U rtue of it SRbERalyBTyApor nemrral B Sitrl Brerds sifirLPalipRRliEe  pner val
of the outer tube and which have an opening to the bundle of prof| | ed

2cbor at ngiouBdr EheiiasBusiaE FRoRBlen ENPCHEEAR B Bl PRl B2, "W e e
cool ant afcﬁ@fame‘@bhfaqmapf@sumelcwndnrbtlmmlaollhwlqab&l of dfves GIGE &yperin a standard s vari ant

tgo, all taﬂ%ngérrnﬁﬁt eb p%H E%Evmé%eﬁ’ﬁﬁ’é fﬂl‘i‘n%&ﬁss'hoqmr'lecﬁjecg& gHgEFE%%EU C,

mechani cal con |t|on Cross-

di agr ammatidentifieg ky therﬁamﬁgrref%re@%mlﬁj@m noigeppatahvdiseessedcrigired4bl e 1

accor di ng ¢hewd aZRKeRtd? tﬁ%@@uﬁ@ﬂ%n&idm&w@awra&mmq inSide a%efﬁqat.cawhgﬁtl nment of
the invention differs fromthe precedi ng enbodinents in that the outer tube

2 has a trtﬁli?e%l dal external contour 17. This trapezoidal external contour 17
can be advant ageous when a plurali ty of these superconducti ng hol | ow cabl es

1 are nto a |rcuI ar or when specifig¢ coi eomatrles have
to be pr o ?gﬁh%‘”s rﬁ? AR ¢ F@’@}&%%Rh Efﬂi’rr:ﬁﬁ NS grk? 39%5%58% oM Manner as
possi bl e. d:aggammaﬁefosrlnomm@mar SuseremEiuLting, hdllow dabigreitmeaClCC typerccérdingugh a
super cond accor LA nt of the
i nventi onl{g&ﬂ%gﬁgﬁt(bsn/ aﬁ’iﬁ q}%rgp%%erpgég (gf&h%%gﬁg Mmﬁﬁ%gg*r {eﬁgedl ng Fi gures
ar e i dent iprécedingyFigures amnidentdied ibgioesame reference symbols and not separately

discussed. In this case, superconducting wires 30 are arranged on a solidly constructed

inner tube 21 as an inner supporting tube, the inner cooling channel being provided for

a two-phase helium stream and the direct passage of supercritical helium between the

superconducting wires 30 being possible with a high resistance to flow.

Figure 16 shows, as Figure 16 a, a photograph and, as Figure 16 b, a drawing, in
diagrammatic form, of a superconducting cable of the Nuclotron type in a standard
arrangement. Components having the same functions as in the preceding Figures are
identified by the same reference symbols and not separately discussed. Figure 16
shows, in a central cooling channel formed by a compact inner tube 21 of CuNi, two-
phase helium 35 that is passed through therein. On the inner tube 21 there are wound
superconducting wires 30, which are held together by an NiCr tensioning wire 33. A
Kapton tape 24 forms electrical insulation and a fibreglass tape 25 serves for thermal
insulation of the superconducting hollow cable.

Figure 17 shows a cross-section, in diagrammatic form, through a superconducting
hollow cable 1 of the Nuclotron type in an improved arrangement. Components having



6 Decenber 2006 -20 synbols and not separately di scussed. The outer tube in
this case is forned fromtwo layers: a first layer having a tenéiDeeembend00é
33, for exanple of NNCr, wound in a helical arrangenent, and an electrically
insulating, hernmetically sealing outer |ayer 34, for exanple produced by
means of polynerisation. As already desgribed hereinbefore, this eighth
enmbodi ment of the invention differs frodmthe precedi ng enbodi ments in that,

i nstead of a solidly constructed outer tube, jacketing of the profiled

Super CONCutd o b dsin BEEOMBLARNE R B RRARLY RSl ORdidLLe vound 11
hel i cal arrangenent an e r|c Insul-atin ernetically tight
outer | ayéymp S@ﬂé@éﬁ%@@f@@ly&mww Flgnregﬂﬁ éhom S PRIVER ca@hnslc@améelma a

phot ogr apkorad byascdnh et BindAtube 2 o@b@wl T thenneil vt 24k Srf\Q6URd Of @
supercondg%kkl\gj hol | ow cabl e of n a standard arrangenent
[

Conponent getoraducting Wings & W8W§ aé% hF'H tgg?éh‘?frbé’caé"d\“ﬁ:@ N SIRNIEWIES- &0

i denti fi edlcbtyichl n§u’ﬂ§lﬁ19r RERNEIREN NTBOles 238038 tarsAged oh ehe/teRbidpmgsed. Figure
14 shows a gg e of tw sted superconducting wires 30 running inside a

her neti cal'§ °Pi ght tube 32. Figure 15 shows, as Figure 15 a, a photograph
and, as Flgure 15 b, a cross-section, in diagrannatic form through a

super conducti ng hol |l ow cable of the CICC type according to the prior art
(POLO cabl e). Conponents having the sane functions as in the preceding
Figures are identified by the sane reference synbols and not separately

di scussed. In this case, superconducting wires 30 are arranged on a solidly
constructed inner tube 21 as an inner supporting tube, the inner cooling
channel being provided for a two-phase helium stream and the direct passage
of .supercritical heliumbetween the superconducting wires 30 being possible
mﬁth a high resistance to flow Figure 16 shows, as Figure 16 a, a photograph
and, as Figure 16 b, a drawing, in dlagrannatlc form of a superconducti ng
cabl e of the Nuclotron type in a standard arrangenent. Conponents having the
sanme functions as in the preceding Figures are identified by the sane
reference synbols and not separately discussed. Figure 16 shows, in a
central cooling channel fornmed by a conpact inner tube 21 of CuN, two- phase
hel ium 35 that is passed through therein. On the inner tube 21 there are
wound superconducting wires 30, which are held together by an N Cr
tensioning wwire 33. A Kapton tape 24 forns electrical insulation and a
fibreglass tape 25 serves for .thernal



i nsul ation of the superconducting hollow cable. Figure 17 shows a
cross-section, in diagrammatic form through a superconducting haql ~¢abl e
| of the Nuclotron type in an inproved arrangenent. Conponents ha&i]?l%\é%l%eri&m
Decenber 2006 -21 the sanme functions as in the preceding Figures are
identified by the sane reference synbols and not separately di scussed.
Figure 16 shows a central cooling charm®- 4 forned by a conpact inner tube
21 of CuNi. On the inner tube 21 there are wound profiled superconducting

W res 5, itcg eﬁée hel d lt:,q ether by an NNCr tensioning wire. An electrically
i nsul ati ng;S'RAFHABENERPYTP ¥ ght outer layer 34 is arranged on the tensioning
wre 33. 6 Decenber 2006 -22 List of reference synbols 1 superconducting
hol l ow cabl e 2 outer inner wall of outer tube 4 central cooling
channel 5b1lpr ofiled gstﬂl %&?ﬁ%‘i‘ﬁ'@?ﬁﬁ OVV/\ﬁbée 6 superconducting filament 7 outer
regi on of Zurvature ougeritiipeer regi on of curvature 9 snooth side edge 10
smoot h sidg edge F' d-rGefitdi Sr 2P of cooling channel 12 profiled side edge
13 profiled side edgle { su_e‘f@gwg}%oti ng filament 15 netallic core or centre
of stabili%ing matricental eodngpeiamdalducting nul tifil anent conductor 16 jacket

of the stapilising mRéMéxserformibRigompducting multifilament conductor of a

profiled wre o
6 superconducting filament

7 outer region of curvature
8 inner region of curvature
9 smooth side edge
(- 10 smooth side edge
e 11 centre-point of cooling channel
12 profiled side edge
13 profiled side edge
14 superconducting filament
15 metallic core or centre of stabilising matrix of a superconducting
multifilament conductor
16 jacket of the stabilising matrix of a superconducting multifilament
conductor of a profiled wire
17 external contour of outer tube
18 cooling channels of the outer tube in a longitudinal direction
19 ~ stepped shoulder (stepped profile)
_ 20 pointed profile of a side edge
[( 21 compact inner tube
7 24 Kapton tape
25 fibreglass tape
26 outer jacket of inner tube
27 inner wall of inner tube
28 bundle comprising superconducting filaments
29 wire from a bundle comprising superconducting filaments and stabilising
matrix
30 superconducting wires
31 bundle of twisted superconducting wires
32 hermetically tight tube

33 tensioning wire wound in a helical arrangement



17 external contour of outer tube 18 cool i ng channel s of the out er b:%be in

| ongi tudinal direction 19 stepped shoul der (stepped profile) 20 pb ?%berm%
profile of a side edge 21 conpact inner tube 24 Kapton tape 25 f| br egl ass
tape 26 outer jacket of inner tube 27 inner wall of inner tube 28 bundle
conpri sing superconducting filaments 29 wire froma bundl e conprising
superconducting filanments and stabili sizr‘?'g' matri x 30 superconducting wres 31
bundl e of tw sted superconducting wires 32 herneti cally tight tube 33

t ensi oni ng wre woue?l ﬁy@helll cal Har r% gﬁ 6 DecFrrber 2006 -23 34

el ectricaPfy insul af |er?b"°a IFainG he(meli. ?%"'B%P%trer %¢Er 35 two- phase

hel i um | ald5l engt h oftwophase hedighon of curvature |IN |length of inner region of
curvature | difference in length s gap width v magni tude of offset n nunber
of profiled superconducting wi res per superconducting hollow cable ra inner
radi us of leut er tubéength of quietiragionfof cematued cool i ng channel 6 Decenber 2006

24 Patent jclaims  |angih of inner region of curvature
I difference in length

s gap width

v magnitude of offset :

n number of profiled superconducting wires per superconducting hollow
cable

la inner radius of outer tube

r; radius of central cooling channel

s

A



1. Superconducting hollow cable (1) having the foll ow ng features(%ﬁ %ﬁ%? 06
tube (2) having a circular inner cross-section and a cylindrical i P
(3); a central cooling channel (4) having a pol ygonal or circular
eross-section which is snmaller than the inner cross-section of the outer
tube (2); profiled superconducting mﬁgﬁg (5) which are arranged between the
inner wall (3) and the cooling chann (4) and which conprise at |east one
superconducting filament (6) and which have a cross-sectional profile of a
key stonepAgnkdqifhs f or Roman stone bridges or for groin vaults, the
cross-sectional profile of the profiled superconducting wres (5) havi ng an
outer region (7) of curvature which is matched to the polygonal or circul ar

i nner  cr ogS-sigetdoRBuctiP HollGw RHEIE (1) HHRMg(tRE follBRfhgiBRufdsOSS- sectional profile
of the profil ed superconducting wres (5) having side edges (9, 10) which

are orient e®tUURrHRE 14} davipaardreyar wper aegs-grctiop ﬁ@d@cﬁyi”i‘q'f&ab'ﬁ@?{nel (4):

charact erwaigd);i n that the profiled superconducting wires (5) are arranged on
t he i nner wal the o t.ube ; ss-secti gnal ofi | e of the
brof 1164 supHUALRRAITHEIrELES hayhhasolbonsIAE Fro e are-2as oM at u o

whi ch i s smedlehiben tlee hher bssssdction of theousediibeoi2);0f the cool i ng channel (4); _
the profile for of thei regi ons
(8) of Cur%?fﬂ?a:éﬁ:{%?&%@h#t dY'feégrS)) @ﬁ%ll" nh@#ﬂreﬁ%ﬂ{}%n tgF J}ﬁer ng rconductl ng
hol | ow canddhe Q()QllngshatdﬂaM@@sdbémcrh'gccmnpraaglébbam ¢rie supercondadtingl |y ori ent ed

si de Edgef%rﬁe?? (@Oﬁnd%léﬂ RV cro%ﬁ?é&%halﬁ:ﬁgf 1884 REY st%ﬂ? a\é"—T}(EQ\HF RS IRonfdH er

regions ( urvature so e | nner e outer tube (2)
t hat t heptdgrpriders ot fee gein W&tsl n position by means of a shape- based and

f or ce- based tfd &ro@@ge&ﬁhgltp?‘bﬂe Ehﬁe%@ﬁlé@&pﬂ&%ﬁ@%tl iréd (5§‘hbw9@§ﬁ 3lifePd
nper at ur es e superconducti ng | ow cab 1). 2. Superconducting

| | ow cdBIIRN & gd@épwvﬂkg’rq whieh & matched &@PMV@PM@@ Clrw'@waﬂert%%ssﬁﬁ'% gap
WI dt hs ( 9F thef ouseragbd |8, ér@hé'or@%&eﬁﬁﬁﬁmbﬂoﬂl&%fw MR dtsupeiRb A

TR e WA N e
bet ween tieecanlihg chénfel gind
characterised in that
the profiled superconducting wires (5) are arranged on the inner wall (3) of the
outer tube (2);
the cross-sectional profile of the profiled superconducting wires (5) has an inner
region (8) of curvature which is matched to the circular ¢cross-section of the cooling
channel (4);
the profiled superconducting wires (5) form, by means of their inner regions (8) of
curvature, the cylindrical cooling channel (4} of the superconducting hollow cable (1),
(~- said wires being arranged with their radially oriented side edges (9, 10) so tightly
) against one another and with their outer regions (7) of curvature so tightly on the inner
wall of the outer tube (2) that they can hold themselves in position by means of a shape-
based and force-based fit and maintain the cooling channel (4) at all operating
temperatures of the superconducting hollow cable (1).

2. Superconducting hollow cable according to claim 1,

characterised in that

the sum of gap widths (s) of possible radial gap formations between the profiled
superconducting wires (5) is, at all operating temperatures of the superconducting
hollow cable (1), smaller than the difference in length (Al) between the outer (7) and
inner (8) regions of curvature of an individual profiled superconducting wire.



i.nner (8) regions of curvature of an individual profiled superconducting
wite. 6 Decenber 2006 25 3. Superconducting holl ow cabl e accordi rgdhéRembdea2d06
1, <characterised in that the profiled superconducting wires (5) have
irpternmeshing profiled side edges (12, 13). 4. Superconducting holl ow cabl e
according to claim1 or 2, characteriigﬂ in that the profiled

super conducting wires (5) have speci al: rface coatings or partial high-

resi stance jacketing nmeans in order to reduce eddy current effects and

thermal | gsses. 5. Superconducting holl ow cab] e according to one of the

pr ecedi nggcl SFWFO'&WE%L@%"%%%}"? ﬂgctoﬁ‘ﬁ'ﬂg f"n%a'B‘rLfi | ed superconducting wires
(5) are tw stlestactedsedinttiet central coolin () 9 channel. 6. Superconducting
hol | ow cabl e accordi one,. e ed| aj . C acterised in that
the profil edt@fggﬁlg%gg%’%&nn%%%ﬁVevfsrgs(g’ykﬁgev@‘egg'?g%ﬁéggdﬂ% r%‘%‘rnduct ors or high-
t enper at ueegasuiér tInduct ors. 7. Superconducting hol | ow cabl e according to one
of the preceding clains, characterised in that the outer tube (2) has a
circular, square or trapezoidal external contour (17). B. Superconducting
hol | ow caBl eSHe/eprAusNY boliavecalie agrorgingtoediaifly! @1 &i ns, characterised in that
the outer tubgyhakrisdmRhses cooling channels (18) in its |ongitudinal
direction. 9. Superconductijng ho]l ow cable according tg one of the preceding

claims, chatgdtreliled sgPsrrondvsting wies e PRy sR&stE! SHr9eORHNITX RENE! Bighor t he

nateri al ﬁﬁsis@arﬁ;@rﬁkﬂ@tin%me@hs irubreef B)redisce atidgaueentdirRatstdme thoeddlicssent of
t hermal expansion of the profiled superconductors (5). 10. Method of
produci ng a superconducting holl ow cable (1), which conprises the follow ng

met hod st &ps Superconducting hollow cable according to one of the preceding claims,
characterised in that
the profiled superconducting wires (5) are twisted around the central cooling

C

channel.

6. Superconducting hollow cable according to one of the preceding claims,
characterised in that
the profiled superconducting wires (5) have ceramic superconductors or high-

temperature superconductors.

7. Superconducting hollow cable according to one of the preceding claims,
characterised in that
the outer tube (2) has a circular, square or trapezoidal external contour (17).

( 8. Superconducting hollow cable according to one of the preceding claims,
- characterised in that
the outer tube (2) comprises cooling channels (18) in its longitudinal direction.

9. Superconducting hollow cable according to one of the preceding claims,
characterised in that
the coefficient of thermal expansion of the material of a compact outer tube (2) is
greater than the coefficient of thermal expansion of the profiled superconductors (5).

10. Method of producing a superconducting hollow cable (1), which comprises the
following method steps:

producing profiled superconducting wires (5) having a cross-sectional profile of a
key stone as known for Roman stone bridges or for groin vaults, the cross-sectional



produci ng profil ed superconducting wires (5) having a cross-sectional profile
of"a key stone as known for Roman stone bridges or for groin vaulgti$ecetdB8r 2006
cross-sectional 6 Decenmber 2006 26 profile of the profiled superconducting
wi:res (5) having an outer region (7) of curvature and having an inner region
(8) which is matched to a pol ygonal tZcflrcul ar cross-section of a central
cool i ng channel (4), and the cross-sectdbnal profile having side edges (9,

10) which are oriented towards the centre-point (11) of a cooling channel (4)

to be f 8 th filed
sapescong&’q&ﬁng %ErpéOf'l‘?cgﬁuqerce‘)%ﬁﬂi%g(w eﬁdg WQQ% o&%e;&ggmg c Hrngﬂl:"&re bundl e
(28), the anddavind@asniied redion (&) fwhidheis adteheerto amodygohelcbr ciepler crosstsedtiong wi r es
(5) lying o@?%ﬂﬁ‘él <8Bfn F\E@Ir@ﬁquttmfcrjo@ éCtIO gl'ﬁ?gﬁe%g%mbg Ach! ESL rmng a
central coo chann ernati ve rawm ng bundl e
(28) havi ri§) Wh@h@éﬁ-‘lpﬂ%ﬂte arqiﬁgth@wantﬁ@pomwon%/@cawmsmh@rmelt(ﬁ)ﬁe be2) or

bringi ng teaRiNr tht WhePfldionaN8).! s of a conpact outer tube (2) having a
circular inner, ‘cross-section_and a cylindrical |nner wall (3), with the

bundl e (28) [Pyingigg teasthes the profilse ﬁ#aerce'aﬂv&aﬁs whgt £ te faye %fonsw@ma"y

super condsidnagd hna&dlérvuuﬁa:bl(@s) e sidetdg (8Crmrof titdadjfcetit piaetio, ,
st one tensionjn nd t he bundl e

characterised in,t e i s wound
(28) % n'" = seoreemuclE pir iiio SRt RS aothar arbinedniesies B ) Neteer | <
covered V\nfcbrhm@aeéletcdlrcb@[mlwanmélsm)l ating and hernetically sealing outer |ayer
of the super§ﬁa Ug! t| N IhoI | ow cable before bringing together the half-shells
formng the et {QPS' ¥12. Method of produci ng profil ed superconducti ng
wires for a sicqmn@tmchmtxliangumtbé [2B)hadiad tres, cemtrabeatiling chanredl &) itd@noutetl, whi ch
conpri ses t&&e@)ol | owi ng nethod step: profiling the round standard shape of
sgper conduc wires (5). 13. Method according to claim 12, characterised
that profi®ring of the wire is acconplished by neans of profl le rollers.

bringing together two half-shells of a compact outer tube (2) having a circular inner
cross-section and a cylindrical inner wall (3), with the bundie (28) lying inside, to form a
compact outer tube of the superconducting hollow cable.

11. Method according to claim 10,

characterised in that

at least one tensioning wire is wound around the bundle (28) in a helical
arrangement and the wound-around tensioning wire is covered with an electrically
insulating and hermetically sealing outer layer of the superconducting hollow cable
before bringing together the half-shells forming the outer tube.

12. Method of producing profiled superconducting wires for a superconducting hollow
cable, according to claim 10 or 11, which comprises the following method step:
profiling the round standard shape of superconducting wires (5).

13. Method according to claim 12,
characterised in that
profiling of the wire is accomplished by means of profile rollers.

14 Method according to claim 12,
characterised in that _
profiling of the wire is accomplished by means of a profile block.



14 Met hod according to claim 12, characterised in that profiling of the wr
i,s acconplished by neans of a profile block. 6 Decenber 2006 276D5¢eﬁb12@fﬂ%Q16€
according to claim12, characterised in that profiling of the wire is
acconpl i shed by neans of reshaping forging. 16. Method according to one of
clainms 9 to 13, characterised in that additional partial jacketing of the
profiled superconducting wires is acco%?i shed by neans of netal coating.

15. Method according to claim 12,
characterised in that
prefiling of the wire is accomplished by means of reshaping forging.

16. Method according to one of claims 9 to 13,

characterised in that

an additional partial jacketing of the profiled superconducting wires is accomplished
by means of metal coating.



