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A metal assembly comprising a superconductor

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a metal assembly comprising an
insulated superconductive wire according to the preamble of
claim 1. It also relates to a coil for an electromagnet comprising
such a metal assembly and to a conduction cooled
electromagnet. Metal assemblies according to the invention can
also be used in cryogen cooled magnets. The metal assembly of
the present invention is mainly, but not exclusively, intended for
use in DC magnet applications, such as in nuclear magnetic
resonance (NMR) and magnetic resonance imaging (MRI)
applications.

PRIOR ART

Low temperature superconductors, such as NbTi and NbsSn or
derivatives thereof are typically used at 4.2 K (liquid helium
temperature) to create strong magnetic fields in superconductor
applications such as research magnets, nuclear magnetic
resonance (NMR) and magnetic resonance imaging (MRI)
applications. Various coil winding techniques, such as wet
winding, dry winding, or epoxy impregnation, can be used for
designing superconducting magnets for use in such applications.
In all these cases, the coil comprises a superconductive wire
whose outer periphery is coated with an electrical insulation
layer such as polyvinyl acetal resins (Formvar),
polyethylenimine (PEI), polyethylene terephthalate (PET), glass
fiber, polyester, polyimide (Pl), etc., creating also a thermal
insulation between wire turns and layers of the magnet.
Successful use of such insulated structures depends strongly on
liquid helium’s capability to effectively cool the coil windings.
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Due to a shortage of liquid helium, there is an ongoing struggle
to minimize the needs for liquid helium in superconductor
applications. For example, there are now magnets which can be
used dry without liquid helium, i.e. so called cryo-cooled
magnets, or conduction cooled magnets, in which the coil
windings are in vacuum and the cooling is effected by means of
cryo-pumps through thermal conduction elements connected to
the magnet windings. For example, cooling of the inner parts of
the winding can be improved by arranging separate thermal
conduction passage ways with additional thermal conduction
elements of e.g. copper or aluminium. However, it is difficult to
achieve sufficiently effective cooling of the magnet with such a
method. Another problem is that the magnets provided using this
method will suffer from a reduced overall current density and
thus a lower magnetic field, or alternatively require a higher
volume and more expensive superconductive wire for creating
the same magnetic field.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a metal
assembly comprising an insulated superconductive wire which is
in at least some aspect improved with respect to prior art metal
assemblies comprising insulated superconductive wires. In
particular, it is an object to provide a metal assembly for use
within a conduction cooled superconducting magnet which
allows for a more efficient cooling of the magnet. Another object
is to provide a metal assembly for use within a conduction
cooled superconducting magnet by means of which the size of
the magnet can be reduced in comparison with known
conduction cooled magnets such as discussed above.

These objects are achieved by a metal assembly comprising at
least one insulated superconductive wire extending in a
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longitudinal direction, wherein each of the at least one insulated
superconductive wire comprises:

- a superconductive wire, comprising a material that exhibits
superconducting properties within a defined temperature
range embedded in a metal matrix, and

- an electrically insulating layer arranged as a coating on
the superconductive wire.

The metal assembly is characterized in that it further comprises
a thermal conduction element comprising a thermally conductive
material arranged as a layer at least partly surrounding the at
least one insulated superconductive wire, such that the metal
assembly, when wound into a coil, exhibits isotropic or
essentially isotropic thermal conduction properties.

Using the metal assembly according to the invention it is
possible to achieve a conduction cooled superconducting
magnet with improved thermal conduction within the coil
windings of the magnet. The thermal conduction element, which
is arranged in intimate contact with at least part of the
electrically insulating layer of at least one insulated
superconductive wire, allows for heat conduction in all directions
within the coil windings when the metal assembly is wound into
a coil. For a coil with several layers, the inner layers of the coil
are cooled via the thermal conduction element, creating thermal
conduction passage ways to the outer layers of the coil, where
cooling elements are located. Of course, it is also possible to
instead or additionally locate cooling elements in the inner or in
the middle layers of the coil, depending on what is most
convenient or cost effective from a magnet construction point of
view. By means of the thermal conduction element providing
three-dimensional isotropic thermal conduction within the coil
windings, heat can be conducted away efficiently with a
minimum usage of helium. With the metal assembly according to
the invention, the thermal conduction element is integrated with
the at least one insulated superconductive wire, and a magnet
comprising this assembly wound into a coil can therefore be
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made much more compact than a magnet in which thermal
conduction elements in the form of metal sheets have to be
inserted between successive layers of coil windings. The metal
assembly is particularly suitable for use in DC magnet
applications.

According to one embodiment of the invention, the thermal
conduction element has an average layer thickness of at least
0.2 times the equivalent diameter of the at least one insulated
superconductive wire, preferably at least 0.5 times. With such a
layer thickness, the thermal conduction properties of the metal
assembly become isotropic when the metal assembly is wound
into a coil with several turns and layers. Using a too small layer
thickness may result in insufficient thermal conduction in a
transverse direction of the coil, and thus the cooling of the coil
windings will be less efficient. The equivalent diameter of the
insulated superconductive wire is here to be understood as the
diameter of a round wire with a cross sectional area equal to the
actual cross sectional area of the insulated superconductive
wire. In the case of a round wire, the equivalent diameter is the
diameter of the wire.

According to one embodiment of the invention, the thermal
conduction element and the metal matrix within the at least one
insulated superconductive wire together have a volume of at
least two times the volume of the material that exhibits
superconducting properties within a defined temperature range,
preferably at least five times. With such a volume ratio, the
magnet is protected if it quenches, i.e. enters a normal, resistive
state. Furthermore, this volume ratio allows for a sufficient layer
thickness of the thermal conduction element such that isotropic
thermal conduction properties may be achieved.

According to one embodiment of the invention, the thermally
conductive material is chosen from copper, copper alloy,
aluminium, aluminium alloy, or a composite comprising copper
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and aluminium. Those materials provide the stabilization needed
and have good thermal conduction properties at Ilow
temperatures. If a low weight is preferred, aluminium alloy or a
composite comprising copper and aluminium can be used.

According to a preferred embodiment of the invention, the
thermally conductive material is chosen from high purity copper,
high purity aluminium, or copper-clad aluminium composite.
High-purity copper and aluminium have excellent heat
conduction properties at low temperatures and copper-clad
aluminium composite may be used in the case when a low
weight in combination with elevated mechanical strength is
desired.

According to a preferred embodiment of the invention, the
electrically insulating layer comprises an insulator having a
resistivity of at least 10”7 Qm, preferably at least 10" Qm. This
provides excellent insulation and dielectric strength well above 1
kV. Thus, the layer is able to withstand high voltage differences,
such as when a superconducting magnet quenches, without
disastrous shortcuts.

According to one embodiment of the invention, the electrically
insulating layer comprises a polymer based insulator, preferably
selected from the group of polyvinyl acetal resins (Formvar),
polyethylenimine (PEI), polyethylene terephthalate (PET), glass
fiber, polyester, and polyimide (PIl). Apart from providing
excellent electrical insulation, polymer based insulators have the
additional advantage of providing flexibility. The metal assembly
can thereby be more easily handled since the risk of damaging
the electrically insulating layer is reduced.

According to one embodiment of the invention, the metal
assembly further comprises a highly electrically resistive layer
arranged as a coating on the thermal conduction element. Such
a layer should be relatively thin compared to the thermal
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conduction element and is useful for preventing eddy currents in
the thermal conduction element, which may otherwise cause
undesirable heating. In the case when the metal assembly is
primarily intended for use in high vacuum, it is preferable that
the highly electrically resistive layer has a low partial
evaporation pressure. A highly electrically resistive layer is here
to be understood as a layer which at low temperatures has a
relatively high resistivity compared to the metal matrix
embedding the superconducting filaments, such as at least 10
times, preferably more than 100 times, higher resistivity than the
metal matrix.

According to one embodiment of the invention, said highly
electrically resistive layer is a metallic layer comprising
chromium, nickel, tin, indium, or alloys thereof. Those elements
all have low partial evaporation pressure and high resistivity,
and may be applied in the form of thin coatings.

According to another embodiment of the invention, said highly
electrically resistive layer is a ceramic or oxide layer comprising
e.g. aluminium oxide, chromium oxide, titanium oxide, zirconium
oxide, or alumina-titania.

According to another embodiment of the invention, said highly
electrically resistive layer is an electrically insulating organic
polymer film. The film may be comprised of polyvinyl acetal
resin, PEI, Pl or PET or the like. Although such a film also has
thermal insulation properties, if the layer is made thin enough,
such as less than 100 um thick, preferably less than 10 um
thick, the overall thermal conduction in a coil comprising the
metal assembly is still sufficient.

According to one embodiment of the invention, the metal
assembly is arranged as a wire-in-channel structure, in which
the at least one insulated superconductive wire is arranged in a
longitudinal groove in the thermal conduction element. The
channel is thus formed in the thermal conduction element. Even
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though the thermal conduction element does not completely
cover the insulated superconductive wire, when wound into a
coil with several layers, each successive turn of the insulated
superconductive wire will be surrounded by thermally conductive
material. Therefore, the thermal conduction properties of the coil
are still isotropic. Preferably, the metal assembly in this
embodiment has a rectangular or a substantially rectangular
transverse cross section, to allow for a high filling factor when
the coil is wound.

According to another embodiment of the invention, the thermal
conduction element is arranged as a layer completely
surrounding the at least one insulated superconductive wire.
Such a thermal conduction element provides coil windings
comprising the metal assembly with cooling passage ways in all
directions also in the case when a round cross section is
desired, or when the coil windings are less tightly wrapped.

According to one embodiment of the invention, the metal
assembly further comprises a metal mesh arranged outermost in
the metal assembly. Such a metal mesh arranged outside the
thermal conduction element is useful if a coil winding comprising
the metal assembly is to be fixed by means of epoxy
impregnation. The metal mesh on one hand allows epoxy to
penetrate into the metal assembly locking the metal assembly
effectively, and on the other hand provides thermal conduction
bridges between successive coil turns and layers during
operation of a magnet comprising the coil.

The invention also relates to a coil for an electromagnet
comprising a metal assembly according to the invention such as
described above, to a conduction cooled electromagnet
comprising such a coil, and to a cryogen cooled electromagnet
comprising such a coil. The conduction cooled magnet may be
either cryogen cooled or cryogen free. Preferred embodiments
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and advantages of such a coil and electromagnet correspond to
those described above.

BRIEF DESCRIPTION OF THE DRAWINGS

A detailed description of the invention with reference to the
appended drawings follows below. In the drawings:

Fig. 1

Fig. 2

Fig. 3

Fig. 5

Fig. 6

Fig. 7

schematically shows a cross section of a metal
assembly according to a first embodiment of the
invention,

schematically shows a cross section of a metal
assembly according to a second embodiment of the
invention,

schematically shows a cross section of a metal
assembly according to a third embodiment of the
invention,

schematically shows a cross section of a metal
assembly according to a fourth embodiment of the
invention,

schematically shows a cross section of a metal
assembly according to a fifth embodiment of the
invention,

schematically shows a cross section of a metal
assembly according to a sixth embodiment of the
invention, and

schematically shows a cross section of a metal
assembly according to a seventh embodiment of the
invention.



10

15

20

25

30

35

WO 2016/034503 PCT/EP2015/069716

DETAILED DESCRIPTION OF EMBODIMENTS OF THE IN-
VENTION

Transverse cross sections of seven different embodiments of a
metal assembly according to the invention are schematically
shown in fig. 1-7. The same reference signs have been used to
designate equal or similar components for all shown
embodiments.

A first embodiment of a metal assembly 1 according to the
invention is shown in fig. 1. The metal assembly 1 according to
this embodiment is a so called wire-in-channel structure
comprising an insulated superconductive wire 2 extending in a
longitudinal direction, which is inserted into a groove formed in
a thermal conduction element 3. The insulated superconductive
wire 2 comprises a superconductive wire 4, which consists of
filaments 5 of a material that exhibits superconducting
properties within a defined temperature range embedded in a
metal matrix 6. The insulated superconductive wire 2 further
comprises an electrically insulating layer 7 arranged as a
coating on the superconducting wire 4. The insulated
superconductive wire 2 has a circular cross section in the shown
embodiment. However, it can also be rectangular or square in
shape when e.g. a high aspect ratio conductor geometry is
preferred.

In order to achieve an intimate contact between the insulated
superconductive wire 2 and the thermal conduction element 3,
the insulated superconductive wire can be mechanically locked
in the groove by a suitable metal forming method, such as
drawing through a die having a rectangular opening, or rolling
using e.g. a so called 4-roll Turk’s head. The intimate contact
can also be achieved e.g. by applying epoxy on the surface of
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the insulated superconductive wire with an in situ impregnation
method. In some cases, thermally conducting epoxy resins or
their composites with either relatively low or relatively high
electrical conductivity can be selected for the purpose
depending on the specific application.

A second embodiment of the metal assembly 1 according to the
invention is shown in fig. 2. The metal assembly 1 according to
this embodiment differs from the first embodiment in that the
thermal conduction element 3 completely covers the insulated
superconductive wire 2. The thermal conduction element 3 is in
the form of a layer with a homogeneous thickness, and the metal
assembly therefore has a circular cross section. The insulated
superconductive wire 2 is composed of the same elements as in
the first embodiment and has a circular cross section.

A third embodiment of the metal assembly 1 according to the
invention is shown in fig. 3. As in the second embodiment, the
thermal conduction element 3 completely covers the insulated
superconductive wire 2. The metal assembly 1 differs from the
metal assembly 1 according to the second embodiment in that
the insulated superconductive wire 2 and the metal assembly 1
have essentially rectangular cross sections with rounded
corners.

A fourth embodiment of the metal assembly 1 according to the
invention is shown in fig. 4. In this embodiment, the insulated
superconductive wire 2 has a circular cross section, while the
metal assembly 1 has an essentially rectangular cross section
with rounded corners. When wound into a coil, the rectangular
outer cross section increases the filling factor in comparison
with a circular cross section.

The metal assembly 1 according to the second, third and fourth
embodiments can be produced by cladding the insulated
superconductive wire 2 with a material which is to constitute the
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thermal conduction element 3, e.g. a metal strip. This can be
done using well known cladding techniques such as wrapping or
welding, or using a low temperature extrusion technique,
preferably a continuous extrusion technique such as the so
called Conform extrusion process. Preferably, extrusion is
performed at a temperature of less than 300°C after which quick
cooling follows.

A fifth embodiment of the metal assembly 1 according to the
invention is shown in fig. 5. In this embodiment, the insulated
superconductive wire 2 is covered by a composite thermal
conduction element 3, comprising an aluminium layer 8 and a
copper layer 9 which completely covers the aluminium layer.
The metal assembly according to this embodiment can be
produced by cladding the insulated superconductive wire 2 with
aluminium using a low temperature extrusion technique at a
temperature of less than 300°C, preferably a continuous
extrusion technique such as the Conform extrusion process.
Thereafter, the insulated superconductive wire 2 with the
aluminium layer 8 is cladded with e.g. high purity copper using
well-known cladding techniques used in cable industry.

A sixth embodiment of the metal assembly 1 is shown in fig. 6.
In this embodiment, several insulated superconductive wires 2
are inserted into a groove formed in a thermal conduction
element 3, forming a wire-in-channel structure. The insulated
superconductive wires 2 may be transposed or cabled into a
cable form before being inserted into the groove.

A metal assembly 1 according to a seventh embodiment of the
invention is shown in fig. 7. In this embodiment, several
insulated superconductive wires 2, each including a thermal
conduction element 3’, are bundled or cabled together and
inserted into a groove formed in a larger thermal conduction
element 3. The total amount of thermally conductive material
within the thermal conduction elements 3’, 3” should be such as
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to achieve isotropic thermal conduction when the metal
assembly 1 is wound into a coil.

Also in the embodiments shown in fig. 2-5, the single insulated
superconductive wire 2 may be exchanged for a bundle of
insulated superconductive wires, such as a cable.

In all shown embodiments, the thermal conduction element can
further be coated with a material that forms a thin, highly
electrically resistive layer (not shown) covering the metal
assembly. This layer is typically 1-50 ym thick, preferably 1-10
um thick, and could be e.g. a metallic, ceramic or an oxide layer
comprising chromium, nickel, tin, indium and alloys thereof,
which have both low partial evaporation pressures and high
electrical resistivity. Tin, indium, and alloys thereof can be
coated using e.g. molten metal coating or electroplating,
whereas other metals can be coated using e.g. electroplating,
chemical vapour deposition or physical vapour deposition. The
coating can be applied to the thermal conduction element before
or after assembly of the thermal conduction element and the
insulated superconductive wire.

The highly electrically resistive layer may also be formed from
an organic polymer material such as polyvinyl acetal resin, PEI,
PET, Pl or the like. In that case, the layer is preferably applied
on the surface of the thermal conduction element after the
assembly of the thermal conduction element and the insulated
superconductive wire using e.g. electron beam curing or
ultraviolet curing at temperatures close to ambient
temperatures, preferably below 300°C. Although said organic
polymer materials also have thermally insulating properties, a
thin layer of 1-50 ym, preferably 1-10 pm, still allows good
thermal conduction passage ways within the windings of a coil
made from the metal assembly.
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In all shown embodiments, the superconductive wire 4 may be
comprised of any superconductive material that can be produced
in long lengths in round, rectangular or tape shape. The
superconductive wire 4 may e.g. be a so called low temperature
wire comprising one or multiple filaments 5 of a material such as
NbTi or Nb3sSn, or alloys thereof.

The metal matrix 6 in which the filaments 5 are embedded may
be a high purity copper matrix or an aluminium or aluminium
alloy matrix. For AC magnet applications, NbTi filaments 5
embedded in a copper alloy matrix 6 alloyed with manganese or
nickel are suitable. For DC magnet applications, NbTi filaments
5 embedded in a high purity copper matrix are suitable.

If NbsSn filaments are used, those niobium filaments are
preferably embedded in an intimate tin containing copper matrix
(so called bronze method), or in a copper matrix with a tin or tin
alloy source (so called internal tin method), typically surrounded
by a niobium and/or tantalum diffusion barrier and stabilising
copper. Before integration with the thermal conduction element,
the wire, or alternatively a cable composite is insulated with e.g.
high temperature glass insulation. The high temperature
reaction to form NbsSn superconductive phase may take place
before or after a coil winding operation. Due to a high reaction
temperature, the thermal conduction element is insulated with
suitable chromium, ceramic or oxide coating.

The superconductive wire 4, normalised to contain 50 % of the
superconducting material, is typically 0.5-1.5 mm in equivalent
diameter in order to be able to carry a large enough current for
creating a strong magnetic field in a large volume.

The electrically insulating layer 7 may, in all shown
embodiments, be made from insulating materials typically used
in the field for NbTi. Such materials include ceramic insulators
as well as polymer based insulators, e.g. selected from the
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group of polyvinyl acetal resins (Formvar), polyethylenimine
(PEI), polyethylene terephthalate (PET), glass fiber, polyester,
and polyimide (Pl). The thickness of the electrically insulating
layer 7 typically varies between 30-100 uym, providing sufficient
electrical insulation between turns and layers and is arranged so
that it completely covers the periphery of the superconductive
wire 4.

The thermal conduction element 3 is in all shown embodiments
preferably made from a high purity cryogenic grade copper or
high purity aluminium. It may also be made from a copper clad
aluminium composite channel or a construction such as shown
in fig. 5, copper alloys, or aluminium alloys, depending on the
requirements on the final product. The thermal conduction
element 3 is preferably in the form of a layer extending along
the insulated superconductive wire 2 and in intimate contact
therewith, either with a homogeneous thickness around the
periphery of the insulated superconductive wire 2, or with a
thickness that varies around the periphery. The layer may
completely or partly cover the insulated superconductive wire 2.
In the case when the layer only partly covers the insulated
superconductive wire 2, it should preferably cover the main
portion of the wire surface, so that when the metal assembly 1 is
wound into a coil, the insulated superconductive wire 2 is
surrounded by the material of the thermal conduction element 3.

The thermal conduction element 3 should typically have an
average layer thickness of 0.10 mm or more, preferably at least
0.50 mm, depending on the dimension of the superconductive
wire 4. The thermal conduction element 3 preferably has an
average layer thickness of at least 0.2 times the equivalent
diameter of the insulated superconductive wire 2, preferably at
least 0.5 times. The thermal conduction element 3 and the metal
matrix 6 within the insulated superconductive wire 2 should
together preferably have a volume of at least two times the
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volume of the superconducting filaments 5, more preferably at
least five times.

The metal assembly 1 according to any of the shown
embodiments is, for use in a cryogen cooled magnet, e.g. in a
liquid helium cooled magnet, or alternatively in a cryogen free
conduction cooled magnet, wound into a coil in the form of a
solenoid comprising at least one layer of the metal assembly 1,
preferably several layers. In the conduction cooled magnet, the
thermal conduction element 3 apart from providing thermal
conduction also provides electrical stabilization. This s
particularly important if, in operation, the superconducting wire 4
undergoes a transition to a normal stage for some reason, for
example due to magnetic disturbance, flux jump, mechanical
wire movement, etc. In this case, the current is automatically led
through the thermal conduction element 3 and the
superconducting wire 4 is allowed to cool down so that the
superconducting stage can be resumed.

In a coil used in an electromagnet winding comprising the metal
assembly 1, the metal assembly may be fixed to avoid relative
movement of the metal assembly within the coil. The metal
assembly may e.g. be fixed using epoxy impregnation. In that
case, it is preferable to provide the metal assembly with a metal
mesh cladded onto the thermal conduction element or to a
coating provided on the outside of the thermal conduction
element. The metal mesh can for example be cladded onto the
surface of the metal assembly and be in the form of thin high
purity copper or aluminium wires braided around the metal
assembly.

The insulated superconductive wire can also be based on MgB:
alloys, or any other superconductive material suitable for being
manufactured in long lengths and creating strong magnetic
fields, using state of the art construction wire designs.
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The invention is of course not in any way restricted to the
embodiments described above, but many possibilities to
modifications thereof would be apparent to a person with skill in
the art without departing from the scope of the invention as
defined in the appended claims.
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CLAIMS

1. A metal assembly (1) comprising at least one insulated
superconductive wire (2) extending in a longitudinal direction,
wherein the at least one insulated superconductive wire (2)
comprises:

- a superconductive wire (4), comprising a material (5) that
exhibits superconducting properties within a defined
temperature range embedded in a metal matrix (6), and

- an electrically insulating layer (7) arranged as a coating on
the superconductive wire (4),

characterized in

that the metal assembly (1) further comprises a thermal
conduction element (3) comprising a thermally conductive
material arranged as a layer at least partly surrounding the at
least one insulated superconductive wire (2), such that the metal
assembly (1), when wound into a coil, exhibits isotropic or
essentially isotropic thermal conduction properties.

2. The metal assembly according to claim 1, wherein the
thermal conduction element (3) has an average layer thickness
of at least 0.2 times the equivalent diameter of the at least one
insulated superconductive wire (2), preferably at least 0.5 times.

3. The metal assembly according to claim 1 or 2, wherein the
thermal conduction element (3) and the metal matrix (6) within
the at least one insulated superconductive wire (2) together
have a volume of at least two times the volume of the material
(5) that exhibits superconducting properties within a defined
temperature range, preferably at least five times.

4. The metal assembly according to any one of the preceding
claims, wherein the thermally conductive material is chosen from
copper, copper alloy, aluminium, aluminium alloy, or a
composite comprising copper and aluminium.
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5. The metal assembly according to claim 4, wherein the
thermally conductive material is chosen from high purity copper,
high purity aluminium, or copper-clad aluminium composite.

6. The metal assembly according to any one of the preceding
claims, wherein the electrically insulating layer (7) comprises an
insulator having a resistivity of at least 10” Qm, preferably at
least 10" Qm.

7. The metal assembly according to any one of the preceding
claims, wherein the electrically insulating layer (7) comprises a
polymer based insulator, preferably selected from the group of
polyvinyl acetal resins (Formvar), polyethylenimine (PEI),
polyethylene terephthalate (PET), glass fiber, polyester, and
polyimide (Pl).

8. The metal assembly according to any one of the preceding
claims, wherein the metal assembly further comprises a highly
electrically resistive layer arranged as a coating on the thermal
conduction element (3).

9. The metal assembly according to claim 8, wherein said
highly electrically resistive layer is a metallic layer comprising
chromium, nickel, tin, or alloys thereof.

10. The metal assembly according to claim 8, wherein said
highly electrically resistive layer is a ceramic or oxide layer
comprising for example aluminium oxide, chromium oxide,
titanium oxide, zirconium oxide, or alumina-titania.

11. The metal assembly according to claim 8, wherein said
highly electrically resistive layer is an electrically insulating
organic polymer film.

12. The metal assembly according to any one of the preceding
claims, wherein the metal assembly (1) is arranged as a wire-in-
channel structure, in which the at least one insulated
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superconductive wire (2) is arranged in a longitudinal groove in
the thermal conduction element (3).

13. The metal assembly according to any one of claims 1-11,
wherein the thermal conduction element (3) is arranged as a
layer completely surrounding the at least one insulated
superconductive wire (2).

14. The metal assembly according to any one of the preceding
claims, wherein the metal assembly further comprises a metal
mesh arranged outermost in the metal assembly.

15. A coil for an electromagnet comprising a metal assembly
(1) according to any one of the preceding claims.

16. A conduction cooled electromagnet comprising a coil
according to claim 15.

17. A cryogen cooled electromagnet comprising a coil
according to claim 15.



PCT/EP2015/069716

WO 2016/034503

1/3

Fig. 1

Fig. 2



PCT/EP2015/069716

WO 2016/034503

2/3

Fig. 3

LA L 2
e00e
LA A 1
o0 oo
o0 0®
LL R L
*0 00
o000

2

Fig. 4

Fig. 5




PCT/EP2015/069716

WO 2016/034503

3/3

Fig. 6

Fig. 7



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2015/069716

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO1F6/02
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO1L HO1F HO1B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

page 1, lines 3, 4
page 3, lines 10 - 31
page 5, lines 10 - 25

page 14, Tlines 10 - 28
page 15, lines 12 - 21
page 16, Tines 8 - 16

page 18, lines 11 - 15
claim 23

figures 1, 4, 6

X WO 2006/035065 A2 (SIEMENS AG [DE];
STEINMEYER FLORIAN [DE]; LEGHISSA MARTINO
[DE]) 6 April 2006 (2006-04-06)

page 5, line 38 - page 6, line 3

1-7,12,
15-17

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

13 November 2015

Date of mailing of the international search report

01/12/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Van den Berg, G

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2015/069716

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

US 4 333 228 A (KOCH ALFRED)
8 June 1982 (1982-06-08)

column 3, lines 9 - 15

column 2, lines 24 - 31

column 3, lines 17 - 24

column 3, line 67 - column 4, line 22
figure 1

CN 102 708 988 A (WUXI TOLY ELECTRIC
MAGNET WORK) 3 October 2012 (2012-10-03)
figure 1

US 3 743 986 A (MCINTURFF A ET AL)

3 July 1973 (1973-07-03)

column 1, lines 28 - 33 and 46 - 49
column 4, lines 30 - 37

column 6, lines 36 - 59

figures 4, 7

US 5 917 393 A (KUPISZEWSKI THOMAS [US] ET
AL) 29 June 1999 (1999-06-29)

column 1, lines 31 - 41 and 49 - 52
column 1, line 58 - column 2, line 3
column 3, lines 47 - 62

column 4, lines 6 - 21 and 39 - 67
figures 11 - 14

WO 2008/007141 Al (SIEMENS MAGNET
TECHNOLOGY LTD [GB]; OXFORD
SUPERCONDUCTING TECHNOL [US)

17 January 2008 (2008-01-17)

page 1, lines 3 - 7 and 20 - 24

page 2, lines 23 - 26

figures 1 - 3

JP HO4 71112 A (FURUKAWA ELECTRIC CO LTD)
5 March 1992 (1992-03-05)

abstract

1,4,5,
12,13,
15-17

1-17

1-17

1-14

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2015/069716
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2006035065 A2 06-04-2006  NONE

US 4333228 A 08-06-1982 CH 641290 A5 15-02-1984
DE 2903127 Al 10-07-1980
FR 2445006 Al 18-07-1980
GB 2037627 A 16-07-1980
NL 7909184 A 24-06-1980
Us 4333228 A 08-06-1982

CN 102708988 A 03-10-2012  NONE

US 3743986 A 03-07-1973  NONE

US 5917393 A 29-06-1999  NONE

WO 2008007141 Al 17-01-2008 CN 101356660 A 28-01-2009
EP 2041810 Al 01-04-2009
GB 2440182 A 23-01-2008
JP 5345057 B2 20-11-2013
JP 2009544113 A 10-12-2009
US 2009194316 Al 06-08-2009
WO 2008007141 Al 17-01-2008

JP HO471112 A 05-03-1992  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report

