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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 et al.). It represents the starting point for the

invention explained hereinbelow.



i nvention expl ai ned herei nbel ow. -3-, The probl em of
the invention is to overcone the disadvantages in the
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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 flaments 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



metallic matrix which nechanically stabilises the
filaments and ensures a high degree of heat
conduction. Third, a nunber of superconducting wres
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(pulse operatlon 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



required and cooling performance is inproved by orders
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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 small as possible in order that the resulting 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



allowed in the case of large tolerances. In general,
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In a further embodiment of the invention, the profiled superconducting wires comprise
stranded or twisted superconducting filaments. Examples of embodiments of such
profiled superconducting wires are shown in the further Figures 6, 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
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After those two main components of the hollow cable according to the invention have
been produced, the profiled superconducting wires are first brought together to form a
longitudinally extended circular bundle 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
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only the solidly constructed outer tube to be heated or for only the bundle of profqed

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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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).
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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 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;



In accordance with a further enbodi nent, the invention
relates also to a nethod of producing a
superconducting holl ow cable (1), which conprises the
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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.



extended circul ar bundle (28) around a central cooling
channel (4); - bringing together the half-shells, with
the bundle lying inside, to forma conpact outer tube
of the superconducting holl ow cable. Those nethods of
produci ng profiled supercanducting wires for a
super conducting hollow cable can conprise the
foll owi ng nethod step: - profiling the round standard
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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;



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
super conducti ng hol |l ow conductor cable of the third
enbodi nent of the inventioms5-15- Figure 9 shows a
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diagrammatic form, of a superconducting cable of the Nuclotron type in a
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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 multifilament 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



profiled superconducting wires 5 forma ring directly
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superconductlng wures 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.



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
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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
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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,



wires 5 of Figure 8 over Figure 7 is that an outwardly
bul ging pointed profile 20 of the profiled side edge
12 is easier to produce by neans of profile rollers
than is possible for the profile having a stepped
shoul der 19 of Figure 7 andgt-hat the interneshing of
those shapes contributes to the profiled
superconducting wires' orienting thensel ves around
there esetemtdd argowtbatube lwhidH, glﬂncmgﬁ rehivgs: @ livdraméinpecwalod, has a
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furthQPfFﬁPe Rk o AYiHfod, REpi@ame functions as in the

receding Figures are identified by the sane
reference synbol s and not separately di scussed. The
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the outer tube 2 in the longitudinal direction of the

|atter. By virtue of these outer cooling channels 18,
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be ag\%%a%% ugf &ha 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



each quarter-turn of the helical displacenent. In this

variant too, all the wires are subject to absolutely

i dentical electromagnetic, nechanical and thernal

conditions. Figure 12 shows a cross-section, in

di agrammatic form through- 20 superconducting holl ow

conductor cable 1 according to a seventh enbodi nent of

the invention. The sixth enbodi ment of the invention
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tight tube 32. Fi gure 15 shows, as Figure 15 a,
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phas%orj\éllghy%ctﬂg?lg légéeeodthrough 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



i nner tube 21 as an inner supporting tube, the inner
cool i ng channel being provided for a two-phase helium
stream and the direct passage of supercritical helium
bet ween the superconducting wires 30 being possible
wth a high resistance to f41ow. Figure 16 shows, as
Figure 16 a, a photograph and, as Figure 16 b, a
drawing, in diagrammatic form of a superconducting
the sahé Gunofiortshas iNind pteceding Figarésare idandifieid byl the same reference
sym%lg%ﬁg%%PQécpangmlﬂ;&%ggéd Iﬁ@@r@% tsh@w§§'5§ntfré1%5hr{§‘c§1aﬁﬁel 4
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wiret33er e are wound superconducting wires 30, which are
hel d together by an NNCr tensioning wire 33. A Kapton
tape 24 forns electrical insulation and a fibregl ass
tape 25 serves for thermal insulation of the
superconducting holl ow cable. Figure 17 shows a
cross-section, in diagramatic form through a
superconducting hollow cable 1 of the Nuclotron type
in an inproved arrangenent. Conponents having -21- the
same functions as in the preceding Figures are
identified by the same reference synbols and not
separately discussed. Figure 16 shows a centra
cooling channel 4 forned by a conpact inner tube 21
of CuNi. On the inner tube 21 there are wound
profiled superconducting wires 5, which are held
together by an NNCr tensioning wire. An electrically
insul ating, hernetically tight outer layer 34 is
arranged on the tensioning wire 33. -22- List of
reference synbols 1 superconducting hollow cable 2
outer tube 3 inner wall of outer tube 4 centra
cooling channel 5 profiled superconducting wire 6
superconducting filament 7 outer region of curvature
8 inner region of curvature 9 snooth side edge



10 snmooth side edge 11 centre-point of cooling channe
12 profiled side edge 13 profiled side edge 14
superconducting filament 15 netallic core or centre of
stabilising matrix of a superconducting nultifilanent
conductor 16 jacket of the-gpabilising matrix of a
superconducting nmultifilament conductor of a profiled
wire 17 external contour of outer tube 18 cooling

Listéfaeteedrsesiymbhls outer tube in a | ongitudinal direction
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16

17
18
19
20
21
24
25
26
27
28
29

30
31
32
33

19 stepped shoul der (stepped profile) 20 pointed
profile of a side edge 21 conpact inner tube 24
Kapt on t 8rercarsugiing kajpwsableape 26 outer jacket of
i nner tubger&pel Nner wall of inner tube 28 bundle

conpri sing supercondycting filanments 29 wre froma
bundl e c@ﬂ'ﬁrr‘f"glf?lfgolg%f WPonducting filanents and
st abi | i stergral oedlingxh3theduper conducting wires 31 bundl e

of tmﬁstggﬁgggﬁéggggMﬁ%éaqm. es 32 hernetically

i r
tight tu nsroningwre wound in a helical
ar r angengunercagiuctdy fedreentri cal Iy i nsul ati ng,

her net i cgliby c3fml dirdnaul-er |ayer 35 two-phase helium
| ak 1 ength of "outer region of curvature 1lik Iength of

i nner relfNeregionQiFYNe® | difference in length s
gap W dt émooth side edge

smooth side edge

centre-point of cooling channel

profiled side edge

profiled side edge

superconducting filament

metallic core or centre of stabilising matrix of a superconducting
multifilament conductor

jacket of the stabilising matrix of a superconducting multifilament
conductor of a profiled wire

external contour of outer tube

cooling channels of the outer tube in a longitudinal direction
stepped shoulder (stepped profile)

pointed profile of a side edge

compact inner tube

Kapton tape

fibreglass tape

outer jacket of inner tube

inner wall of inner tube

bundie comprising superconducting filaments

wire from a bundie comprising superconducting filaments and stabilising

matrix

superconducting wires

bundle of twisted superconducting wires
hermetically tight tube

tensioning wire wound in a helical arrangement
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v magni tude of offset n nunber of profiled

super conducting W res per superconducting hol | ow
cable ra inner radius of outer tube r; radius of
central cooling channel -24- Patent clains 1.

Super conducti ng hol | ow cabla8 having the foll ow ng
features: - an outer tube (2) having a circul ar inner
cross-section and a cylindrical inner wall (3); - a
cent r al etsstidaiyinshiating lhe(mgtidetiy beRjing optsiry&yehal or

ci rcul ar,gr 5 {on which 1is smaller than the

i nner c}%ggﬂéézﬁggﬁ*of the outer tube (2), there being
arranged between the inner wall (3) and the cooling
channel drhth Bf &ted edionssfpetvainglucting wires (5); -
profileﬂ s%ge.conducting mﬁr%§a(5) whi ch conpri se at

| east ondd 8@8?@8?8@8§1ﬁﬂv?ﬁfanent (6) and which have
a cross-diffsc¢ncenallergtiofi | e of a key stone as known
for RO ane bridges or for groin vaults,
charac?ggpéégﬂin that the cross-sectional profile of

t he profagsiude pbefisehducti ng wires (5) has an outer
regi on (oot of sHo¥RE WlBerebhdiittihg wirsé pbeslipefcdnicting hollow
pol ygonal or circular 1nner cross- section of the

out er t&ﬁ@b(Z) and an inner region (8) of curvature
whi ch i snietredieslof dugertthise ci rcul ar cross-section of the

cool i ng channgl (4 ross-sectional profile
has si déa%&%g‘ﬁ’@?} i%%ngﬁb%%egre oriented profiled
towards the centre- point (11) of the cooling channe
(4), the profiled superconducting wres (5) being
arranged on the inner wall (3) of the outer tube (2),
and the inner regions (8) of the profiled
superconducting wires (5) formng the cooling channe
(4) of the superconducting hollow cable (1). 2.
Super conducting hol |l ow cabl e according to claim1,
characterised in that the profil ed superconducting
wires (5) are arranged so tightly on the inner wal
(3) of the outer tube (2) of the superconducting

hol |l ow cable (1) by neans of their outer regions (7)
of curvature and with their radially oriented side
edges (9, 10) adjacent



to one another that at all operating tenperatures of

t he superconducting hollow cable (1) they maintain a
central cooling channel (4) with their inner regions
(8) of curvature. 3. Superconducting hollow cabl e
according to claim2, characterised in that the sum
of gap widths (s) of possible radial gap formations
between the profiled superconducting wires (5) is, at

Patant claims at i ng tenperatures of the superconducting -25-
hol | ow cable (1), smaller than the difference in
l ength (Al) between the outer j and inner (8)

1. Rgeseadestinaiolay griledrvian thafeloviaa dratyiest i | ed
SuUpeinciféhiGhé (1Y haling a drculdtiPRecEBskisédting dndld gMneradal @ner
accor igf to one of the preceding clains,
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wi r escenfrpl duling chdretei@s havigg proofyigbeal cn;icdeulerdgess éd2ion which
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sur fsaperceRRIiRgwirRs (partial high- resistance jacketing
means |n order to re uce current effects and

Eherrellics fissEenniginaspifre, CORNGE PG Ho R oMl o
accaugemgnduting @ladfent (6 apd etedt raye @ @bssssectional profile of a key
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charastdrised in tBaper conducti ng hol | ow cabl e accor d| ng to
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e pro supercon tin WTres ave ceramc
g@@j@@ (:Gm&ewa%e whichiigfatche WQtRﬂYéioﬁa'ﬁerC%WéU'@f‘%fr%mss'
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0 e enaE s Se Rl ape Y RE BRI Lo R e Rt
extfitr had sidortiges (9( 1(7))whch9are8upetezdmtdi_Jed taveartistheosgntre-
%Egﬁl} glg?gfﬁ%eg%gné E’rhaQHSI @f, tﬁ@ﬁroﬂfe@‘ﬂs%ger%gn&l‘hc"t‘ihﬂﬁvires (5) being
arranged on the inner wall (3) of the outer tube (2), and the inner regions (8) of the
profiled superconducting wires (5) forming the cooling channel (4) of the

superconducting hollow cable (1).

2. Superconducting hollow cable according to claim 1,
characterised in that
the profiled superconducting wires (5) are arranged so tightly on the inner wall (3)
of the outer tube (2) of the superconducting hollow cable (1) by means of their outer
regions (7) of curvature and with their radially oriented side edges (9, 10) adjacent
to one another that at all operating temperatures of the superconducting hollow
cable (1) they maintain a central cooling channel (4) with their inner regions (8) of
curvature.

3. Superconducting hollow cable according to claim 2,
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



10.

the outer tube (2) conprises cooling channels (18) in
its longitudinal direction. 10. Superconducti ng
hol | ow cabl e according to one of the preceding clains,
characterised in that the coefficient of therma
expansion of the material of5a conpact outer tube (2)
is greater than the coefficient of thermal expansion
of the profiled superconductors (5). -26- 11. Method
dfollpwadbiei (hp senadiepibac traditierenge mdbhasty (slabetveh)the altery) and
Ciﬂﬁ@ﬁ(éfr%% ?%f c&r@g u(?é{\'bp% ﬂ@ﬂ/h}ﬁgl &Bﬁ@& supere&%:uéﬁh Qir@n
out er e aving a circu I nner cross-section
and a cylindrical inner wall (3); - producing
P @erdPRuEHHREKHERHAB el BoMiHgES dne)of iRVpreBeding claims,
Cross-sectio I profile of "a key stone as known f or
ROREAFISSAL B dges or for groin vaults, the cross-
stee pradifead sypeofondectol viles (py ladviel letrérmesjmg:mmﬂledtsiidmgedges (12
m%ges (5) having an outer region (7) of curvature

I'ch is matched to the circular inner cross-section
of the outer tube (2) and having an inner region (8)
V@U;ﬁepcdn%u&mgmgwtc%bfe%cor@mgytg%@lof fHe &b&é&i‘rlwg?‘élalms
Cross-section a central cooling channel (4), and
t9ﬂ@?9§F@§§'%@E¥lonal profile having side edges (9, 10)
Wht plofiddesupetsantieédlingiviafds| (Bdhavieaspatidss urfae eeatingd-dp lartial high-

(eRes ReraMarBrarOR Limat (ot el T egepis s g

flossesa | ongi tudinally extended circular bundl e (28)

around a centr al cooling channel (4); - draw ng the
circul ar bundl e L having a central cooling channe
(SHpergongueting hodiawecﬁ ltelf@éor@mp to ppe ojthervacestingaiifei ng

EhatRerkedGht ng hol l ow cable (1), which conprlses
t foll i t hod st -
ubE e e g e g B Bhars i les AR B taitgems

phehndle of a key stone as known for Roman stone
bridges or for groin vaults, the cross- sectiona
profile of the profiled superconductlng wres (5)
Ipergnductimgthetiow caglie @scqrangde ooe ol therrecagiiceaims,

RbeRedisb@id fRgt ci rcul ar i nner cross-section of the
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deraparatuaé sgp@bomucethannel (4), and the

cross-sectional profile having side edges (9, 10)

whi ch are oriented profil ed
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).

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.

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).



towards the centre-point (11) of a cooling channel (4)
to be forned; - bringing together the profiled
superconducting wires (5) to forma longitudinally
extended circul ar bundle (28) around a central cooling
channel (4); - winding at legst one tensioning wire
around the bundle in a helical arrangenent; -
covering the wound-around tensioning wire with an
electrically insulating and hernetically sealing
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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);

- winding at least one tensioning wire around the bundie in a helical
arrangement;

- covering the wound-around tensioning wire with an electrically insulating and

hermetically sealing outer layer of the superconducting hollow cable.

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



14.

15.

16.

17.

18.

characterised in that profiling of the wire is

acconpl i shed by neans of a profile block. 17. Method
according to claim 14, characterised in that profiling
of the wire is acconplished by nmeans of reshaping
forging. 18. Method accordizng to one of clains 11 to
17, characterised in that an additional partial
jacketing of the profiled superconducting wires is

pr opiadiedingtwo mairselaf of rEdoa pacbadtentybe (2) having a circular inner

cross-section and a cylindrical inner wall (3);

- 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 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 half-shells, with the bundle lying inside, to form a compact

outer tube of the superconducting hollow cable.

Method of producing a profiled superconducting wire for a superconducting hollow
cable, in accordance with one of claims 11 to 13, comprising the following method
step:

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

Method according to claim 14,
characterised in that
profiling of the wire is accomplished by means of profile rollers.

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

Method according to claim 14,
characterised in that
profiling of the wire is accomplished by means of reshaping forging.

Method according to one of claims 11 to 17,
characterised in that
an additional partial jacketing of the profiled superconducting wires is provided by

means of metal coating.



