wo 2016/120309 A 1[I I N0F 00 00O O A0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/120309 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

31

4 August 2016 (04.08.2016) WIPOIPCT
International Patent Classification:
F17C 3/08 (2006.01)
International Application Number:
PCT/EP2016/051665

International Filing Date:
27 January 2016 (27.01.2016)

Filing Language: English
Publication Language: English
Priority Data:
102015 201 373.1

27 January 2015 (27.01.2015) DE

Applicant: SIEMENS HEALTHCARE LIMITED
[GB/GB]; Faraday House, Sir William Siemens Square,
Frimley, Camberley, Surrey GU16 8QD (GB).

Inventor: HEID, Oliver; Luitpoldstrafie 63, 91052 Erlan-
gen (DE).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))
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FIG 2

(57) Abstract: The invention relates to a superconducting magnetic arrangement, in particular for a magnetic resonance tomograph,
including a magnetic coil unit (2), which comprises a number of superconducting magnetic coils, and a cryostat with an insulating
vessel (3) for cooling the magnetic coil unit (2), wherein the magnetic coil unit (2) is arranged in a vacuum in the insulating vessel
(3). The magnetic coil unit (2) is held in the interior of the insulating vessel (3) by a maximum of six longitudinal bearing elements
(6), which each extend between the magnetic coil unit (2) and the insulating vessel (3) such that a rotary movement and a translatory
movement of the magnetic coil unit (2) relative to the insulating vessel (3) is restrained by the bearing elements (6).
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SUPERCONDUCTING MAGNETIC ARRANGEMENT, IN PARTICULAR FOR A
MAGNETIC RESONANCE TOMOGRAPH

The invention relates to a superconducting magnetic

arrangement, in particular for a magnetic resonance tomograph.

A superconducting magnetic arrangement includes a magnetic
coil unit made up of a number of superconducting magnetic
coils, the windings of which are made of superconducting
material. In order to effect superconductivity in the magnetic
coils, the magnetic coil unit is cooled by a cryostat. To this
end, the magnetic coil unit is held or suspended in a
permanent position in an insulating vessel of the cryostat.
The insulating vessel may be a vacuum vessel. It may include a
different type of thermal insulation. The suspension is
achieved by a number of rods or loops extending between the
magnetic coil unit and the insulating vessel of the cryostat.
These rods or loops result in heat input into the cooled
magnetic coil unit since one end of each of the rods is

connected to the relatively warm insulating vessel.

It is the object of the invention to provide a magnetic
arrangement in which the magnetic coil unit is held stably in
the insulating vessel and simultaneously heat input into the

magnetic coil unit is kept low.

This object is achieved by the superconducting magnetic
arrangement as claimed in claim 1. Preferred features of
certain embodiments of the invention are defined in the

dependent claims.

The superconducting magnetic arrangement according to the
invention is in particular provided for a magnetic resonance
tomograph. It includes a magnetic coil unit comprising a
number (i.e. at least one) of superconducting magnetic coils,
and a cryostat with an insulating vessel for cooling the

magnetic coil unit. The magnetic coil unit may be arranged in
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a vacuum in the insulating vessel. Depending upon the
embodiment, the magnetic coil unit may include a housing. The
housing may be a cryogen tank in which the magnetic coils are
at least partially immersed in liquid cryogen, such as helium,
or are cooled by circulation of gaseous cryogen, such as
helium. There are also variants in which the housing is not a
cryogen tank, and the magnetic coils are only surrounded by a

housing without cryogen filling.

In further embodiments, the magnet coil unit is not provided
with any housing, but is directly mounted within the
insulating vessel. To cool the magnetic coil unit, liquid
cryogen such as helium is generated in a known way via a
cooling device of the cryostat and transported via cooling
lines to the superconducting windings of the magnetic coils.

This may be true of any of the above-described embodiments.

Further known arrangements have coils which are cooled by
thermal conduction along a solid conduit. In such an

arrangement, a conductive bus bar or laminate or braid or
similar is thermally linked between coils at one end and a

cryogenic refrigerator at the other end.

In the superconducting magnetic arrangement according to the
present invention, the magnetic coil unit is held in the
interior of the insulating vessel by a maximum of six
longitudinal bearing elements extending between the magnetic
coil unit and the insulating vessel such that that rotary
movement and translatory movement of the magnetic coil unit
relative to the insulating vessel is restrained by the bearing
elements. In particular, precisely six bearing elements may be
provided, by means of which both the three rotary degrees of
freedom and the three translatory degrees of freedom of the
movement of the magnetic coil unit with respect to the
insulating vessel are restrained with low stress on the

bearing elements.
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The magnetic arrangement according to the invention has the
advantage that, due to the use of a low number of maximum six
bearing elements, the heat input into the magnetic coil unit
is kept low and, in this way, the cooling efficiency of the

cryostat is improved.

In a particularly preferred embodiment, the longitudinal
bearing elements are attached to the insulating vessel and the
magnetic coil unit such that the bearing elements are each
exposed to tensile or compressive stress in their longitudinal
direction. Preferably, the bearing elements are each only
exposed to force in their longitudinal direction. This can,
for example, be achieved by an articulated attachment of the
bearing elements to the magnetic coil unit or the insulating
vessel. This avoids stress on the bearing elements due to

torsion forces or bending forces.

In a particularly preferred embodiment, none of the
longitudinal bearing elements is parallel to another bearing
element in the longitudinal direction thus achieving stable

suspension with a low number of rods.

In some embodiments, the magnetic coil unit includes a
housing, wherein the housing of the magnetic coil unit is
surrounded by an insulating vessel. In this case, the bearing
elements are attached to attachment points on the housing of
the magnetic coil unit and to attachment points on the
insulating vessel. The attachment points can be provided
directly on the corresponding housing and the insulating
vessel, but the attachment points can also lie indirectly on
the resgpective housing and insulation vessel, for example

using a ring such as described further below.

The shape of the housing can be different from the shape of
the magnetic coil unit. Preferably, however, the housing of
the magnetic coil unit and also the insulating vessel are

cylindrical, at least in sections.
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In a particularly preferred embodiment, one end of each of the
longitudinal bearing elements is attached to a respective
attachment point on a ring attached to the insulating vessel,
and the other end of each of the longitudinal bearing elements
is attached to a respective attachment point on the magnetic
coil unit. The ring extends substantially perpendicularly to
the axial direction of a cylindrical magnetic coil unit.
Preferably, a subset of the respective attachment points on
the magnetic coil unit are offset toward one end and another
subset of the respective attachment points on the magnetic
coil unit are offset toward the other end of the magnetic coil

unit relative to the ring.

The above-described variant of the magnetic arrangement
according to the invention achieves a simple design for the
magnetic coil unit holder. In this wvariant, the bearing
elements are preferably exposed to tensile stress in their
longitudinal direction. The ring used may optionally only be
part of an annular section of the insulating vessel without
having to have a particular structural embodiment. Similarly,
the ring can be an attachment ring in the form of a projection
extending from the insulating vessel into the interior of the
insulating vessel. The ring is preferably arranged centrally
in the axial direction between the two ends of the cylindrical
magnetic coil unit. The ring need not be a continuous annular
structure, but may be intermittently provided, even as a

number of mounting brackets.

In a particularly preferred embodiment, the attachment points
of the bearing elements are arranged on the ring symmetrically
around the circumference of the ring, i.e. the angle between
adjacent attachment points is always the same. This achieves a

uniform transmission of force.

In a further particularly preferred embodiment, two bearing

elements extend in their longitudinal direction from the ring
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towards one axial end of the magnetic coil unit, while four
bearing elements extend in their longitudinal direction from
the ring towards the other axial end of the magnetic coil

unit.

In a further variant, three pairs of bearing elements are
provided, wherein the bearing elements of a respective pair
are attached to attachment points offset with respect to one
another around the circumference of the ring and from there
converge toward one another in a V-shape in the direction of
one or the other axial end of the magnetic coil unit. In this
case, the bearing elements of a pair extend in the direction
of one axial end of the magnetic coil unit while the bearing
elements of the other two pairs extend in the direction of the
other axial end of the magnetic coil unit. Preferably, the
bearing elements of a resgpective pair are attached to
substantially the same attachment point on the magnetic coil
unit. The above-described variant ensures particularly stable
holding of the magnetic coil unit with precisely six bearing

elements.

In a preferred embodiment, the pairs of bearing elements are

arranged in the circumferential direction of the ring adjacent
to one another, wherein adjacent bearing elements of different
pairs in the circumferential direction are preferably attached

to substantially the same attachment point on the ring.

In a further embodiment of the magnetic arrangement according
to the invention, the bearing elements extend from respective
attachment points on a cylindrical magnetic coil unit to
respective attachment points on the insulating vessel in such
a manner that the axis of the magnetic coil unit is in a
horizontal plane. In this case, the horizontal plane is a
plane perpendicular to the force of gravity when the magnetic
arrangement is installed as prescribed. The bearing elements

preferably extend inclined to the horizontal plane.
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In a particularly preferred variant of the above-described
embodiment, the attachment points of the bearing elements on
the magnetic coil unit are arranged at least partially offset
with respect to one another in the axial direction of the
cylindrical magnetic coil unit. Preferably, three pairs of
bearing elements are provided, wherein the bearing elements of
a respective pair are attached to different attachment points
on the housing of the magnetic coil unit and converge toward
one another in a V-shape toward the insulating vessel. In
this case, the bearing elements of a respective pair are
preferably attached to substantially the same attachment point
on the insulating vessel. Moreover, preferably two bearing
elements of two different pairs are attached to substantially

the same attachment point on the magnetic coil unit.

The above-described embodiment ensures a stable holding of the
magnetic coil unit in the style of a tripod. In an expedient
development of this embodiment, in a top view, the attachment
points of the bearing elements on the magnetic coil unit form
a first triangle on the magnetic coil unit, while, in a top
view, the attachment points of the bearing elements on the
insulating vessel form a second triangle in the vertical
direction on the insulating vessel. In a top view, the first
triangle is preferably offset with respect to the second
triangle in the vertical direction and offset by rotation, in
particular by approximately 180°. This achieves a particularly
stable support for the magnetic coil unit. The vertical
direction should be understood to mean the direction of the
force of gravity when the magnetic arrangement is set up in
the prescribed manner, and the horizontal direction should be

understood as being perpendicular to the vertical direction.

In a further embodiment of the magnetic arrangement according
to the invention, the bearing elements are rods or loops that
can be subjected to tensile and/or compressive stress, wherein

the loops are preferably O-shaped or in the shape of the
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figure “8”. Preferably fiber-reinforced plastic is used as the

material for the bearing elements.

In a further preferred variant, the bearing elements each
include a non-linear spring element or are embodied as non-
linear spring elements, wherein the spring stiffness of the
non-linear spring element reduces in the longitudinal
direction of the respective bearing element when forces
exerted on the resgpective bearing element exceed forces
exerted on the bearing elements in the resting position of the
magnetic arrangement. This achieves a relatively rigid holding
of the magnetic coil unit in the resting position, wherein,
however, in the case of additional forces, such as, for
example, in the case of vibrations induced in the operation of
the magnetic arrangement, the application of force on the

sensitive magnetic coils is reduced.

In a particularly preferred embodiment, the non-linear spring
elements in the respective bearing elements are arranged
closer to the insulating vessel than to the magnetic coil
unit. Hence, the bearing elements are located on the warm side
the magnetic arrangement adjacent to the insulating vessel so
that cold-induced brittleness of the spring material of the

non-linear spring elements is avoided.

Exemplary embodiments of the invention are described in detail

below with reference to the attached figures, which show:

Fig. 1 a schematic view of a superconducting magnetic

arrangement not according to the present invention;

Fig. 2 a schematic view of a superconducting magnetic
arrangement according to a first embodiment of the

invention; and
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Fig. 3 a schematic view of a superconducting magnetic
arrangement according to a second embodiment of the

invention.

The following describes embodiments of the invention based on
a superconducting magnetic arrangement used in a magnetic
resonance tomograph. First, a superconducting magnetic
arrangement, not according to the present invention is

explained with reference to Fig. 1.

The magnetic arrangement 1 in Fig. 1 includes a cylindrical
magnetic coil unit 2 with an optional cryogen tank or other
housing 201 and a front end 202 and a rear end 203. The
housing 201 contains a plurality of magnetic coils with
superconducting windings arranged one behind the other in the
direction of the axis of symmetry or longitudinal axis A of
the cylindrical arrangement. The magnetic coils are suspended
at least partially immersed in ligquid cryogen in the housing
201. The magnetic coils are cooled by a cryostat which
includes an insulating vessel 301 which, similarly to the
magnetic coil unit 2, is preferably embodied cylindrically and
indicated by dashed lines in Fig. 2. In other embodiments, no
cryogen tank or other housing is provided, and the magnetic
coils may be suspended within the insulating vessel without a

cryogen tank or outer housing.

Both the magnetic coil unit 2 and the insulating vessel 3 are
provided with a central through-hole around the axis A to
accommodate a patient for the performance of examinations

based on magnetic resonance tomography in the arrangement.

In addition to the insulating vessel 3, the cryostat includes
a cooling device, which is not shown in Fig. 1 but is
typically arranged above the magnetic arrangement. In
embodiments with no cryogen tank, the cooling device uses a
cooling circuit with lines that run in contact with the

magnetic coil unit to cool the magnetic coils. For insulation,
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the magnetic coil unit is located inside the insulating
vessel, which is preferably evacuated although other forms of
thermal insulation may be provided in addition to, or instead

of, a vacuum.

To mount the magnetic coil unit 2 in the insulating vessel 3,
two circumferential attachment rings 4 are provided along the
container 3. The magnetic coil unit 2 is suspended on the
rings 4 by bearing elements such as rods or optionally also
loops. These could be made of any material, such as a plastic
or a glass- or carbon- fibre reinforced plastic, providing
that both the strength and the thermal conductivity
specifications are acceptable. Such rods and/or loops could
be of steel, for example, providing that acceptable strength
and the thermal conductivity parameters are met through

design.

The respective rods extend between attachment points P on the
magnetic coil unit 2 and attachment points P' on the
respective two rings 4. In the arrangement in Fig. 1, the
individual rods 6 are exposed to tensile stress and a large
number of these rods are present. Typically, twelve such rods
are used. Moreover, two supporting feet 5 are embodied on the
rings 4 in each case so that the arrangement rests on a total

of four supporting feet.

In the arrangement in Fig. 1, the magnetic coil unit 2 is the
so-called cold mass, which is to be cooled with the lowest
possible heat losses. In this case, however, the rods 6
represent a significant heat source to the cold mass. In order
to minimize the heat input to the cold mass, the rods or loops
are embodied thin and long. A further boundary condition with
respect to the embodiment of the rods is imposed by the
mechanical stress on the suspension of the cold mass, wherein
during transportation of the arrangement, greater forces can
occur than in stationary operation. It is also desirable for

the suspension only to input low mechanical forces in the
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frequency range above one hertz into the cold mass. As a rule,
such mechanical forces are caused by vibrations during the

operation of the arrangement.

In the arrangement in Fig. 1, there is a problem that, due to
the high number of suspension rods 6, there is also a
relatively high heat input into the cold mass. Within the
context of the embodiments described in the following, this
heat input is reduced by limiting the number of rods 6 as will

be explained with reference to Fig. 2 and Fig. 3.

In the embodiment in Fig. 2, and also in the variant in Fig. 3
described further below, use is made of the knowledge that the
conventional construction in Fig. 1 is hyperstatic because,
for the suspension the cold mass 2 in the insulating vessel 3,
it is necessary to take account of only six degrees of
freedom, three rotary degrees of freedom and three translatory
degrees of freedom, to restrain the relative movement of the
magnetic coil unit 2 with respect to the insulating vessel 3.
However, to this end, the arrangement in Fig. 1 has a

significantly higher number of rods than six.

Now, in the embodiment in Fig. 2, only six rods are used to
suspend the magnetic coil unit 2 in the insulating vessel 3.
This number is sufficient to suppress all translatory and a
rotary relative movements of the magnetic coil unit with
respect to the insulating vessel 3. Otherwise, the arrangement
in Fig. 2 is similarly constructed to the arrangement in Fig.
1. In particular, the same magnetic coil unit 2 may include an

optional housing 201 and two ends 202 and 203.

However, unlike the case in Fig. 1, the insulating wvessel 3 in
Fig. 2 now only includes one ring 4, which is embodied in the

direction of the longitudinal axis A centrally between the two
ends of the magnetic coil unit 2 or of the insulating vessel 3
in the interior of the insulating vessel 3. This ring 4 is

attached together with the insulating vessel 3 on a base plate
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7 by means of which the arrangement in Fig. 2 is installed.
The ring 4 is in turn used for attachment to the rods o,
wherein three attachment points P' offset with respect to one
another are provided on the ring. The ends of two rods are
located on each attachment point. Nevertheless, the rod ends
do not have to be attached to exactly the same attachment
point. Moreover, on the magnetic coil unit 2, there are three
attachment points P at which in each case two rods 6
terminate. Nevertheless, the rods can also be attached
individually to attachment points offset with respect to one

another.

The rods 6 are in turn exposed to tensile stress and can also
be formed as loops of fiber-reinforced plastic. The six rods
form three pairs of rods, wherein one end of the rods of a
respective pair is attached to a common attachment point P on
the magnetic coil unit 2 and from there they extend in a V-
shape toward different attachment points P' on the ring 4. The
attachment points P of two of the three pairs are arranged in
the direction of the axis A behind the ring in the drawing,
toward the end 203 and below the cylindrical axis A of the
magnetic coil unit 2. On the other hand, the attachment point
P of the third pair is arranged in the direction of the axis A
in front of the ring in the drawing, toward the end 202 and

above the cylindrical axis A of the magnetic coil unit 2.

The individual rods of the regpective pairs extend in the
style of bicycle spokes with a very low angle (i.e. almost
tangentially) from the respective attachment points P toward
the attachment points P'. The attachment of the rods to the
attachment points P or P' is preferably articulated so that
the individual rods are exclusively exposed to tensile stress
and no torsion forces or bending forces are transmitted. This
achieves low stress on the individual rods with a
simultaneously reduced number of rods. Hence, the arrangement
in Fig. 2 is a simple and efficient way to achieve the

suspension of the cold mass 2 in the insulating vessel 3 and,
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at the same time, keep the heat input via the rods into the

cold mass low.

Fig. 3 shows a second embodiment of the magnetic arrangement
according to the invention. The arrangement includes the same
magnetic coil unit 2 with optional outer housing 201 as that
in Fig. 2. This magnetic coil unit is in turn surrounded by
the insulating vessel of a cryostat. However, for reasons of
simplicity, the insulating vessel is not shown in Fig. 3. The
insulating vessel extends around the magnetic coil unit 2 and
has suitable bulges in the lower part in which the attachment
points P' depicted are located. The ends of the bulges with
the attachment points P' located therein are attached to the
base plate 7 on which the magnetic arrangement stands.
Alternatively, the insulating vessel 3 may include an extended
region, which may be planar and may be used as, or attached

to, base plate 7.

Analogously to the embodiment in Fig. 2, in Fig. 3 again only
six rods 6 are used to prevent the translatory or rotary
movement of the magnetic coil unit 2 with respect to the
insulating vessel 3. However, in the embodiment of Fig. 3, all
the rods 6 are compression rods which are exposed to pressure
from the weight of the magnetic coil unit 2. The rods are
attached to the insulating vessel at the above-mentioned
attachment points P' of which a total of three are provided at
which in each case the ends of two rods are located. For
attachment on the magnetic coil unit 2, once again three
attachment points P are provided, wherein once again the ends
of two rods are arranged at each attachment point. The
individual rods 6 extend inclined to the horizontal direction,
i.e. inclined to the direction of the plane of the base plate
7. Preferably, and as illustrated, the rods and the attachment
points P, P’ are all located below the cylindrical axis A of

the magnetic coil unit 2.



10

15

20

25

30

35

WO 2016/120309 PCT/EP2016/051665

13

The arrangement in Fig. 3 holds the magnetic coil unit 2 in
the style of a tripod. This tripod is formed by three pairs of
rods 6, wherein the rods of a respective pair start at a
common attachment point P' on the base plate or insulating
vessel 3 and extend toward separate attachment points P on the
magnetic coil unit 2. Two of the attachment points P are
located closer to the “front” end 202 of the housing 201, as
viewed in Fig. 3, than the further attachment point, which is
arranged closer to the “rear” end 203 of the housing 201, as
viewed in Fig. 3. In order to ensure that no torsion forces
act on the rods, the latter are preferably mounted in an
articulated manner on the individual attachment points P or
P'. In embodiments where the optional outer housing 201 is not
provided, two of the attachment points P are located closer to
the “front” end of the magnetic coil unit 2 than the further
attachment point, which is arranged closer to the “rear” end

of the magnetic coil unit 2.

Unlike the case in the embodiment in Fig. 2, in Fig. 3, the
rods 6 in Fig. 3 are exposed to compressive stress. Hence, the
rods 6 may be embodied more rigidly in embodiments such as
shown in Fig. 3 than the rods in embodiments such as shown in
Fig. 2, which are exposed to tensile stresses. The materials
used for the rods in the two embodiments in Fig. 2 and Fig. 3
can be fiber-reinforced plastic. When the rods are embodied in
loop shape, the fibers can be wound in an O-shape or 8-shape
thus achieving uniform stress on all fibers and avoiding

concentrated loads.

In a special embodiment, so-called non-linear spring elements
are integrated within the rods in Fig. 2 or Fig. 3. Spring
elements of this kind are, for example known, from publication
DE 103 32 833 B4. The non-linear spring elements have reducing
spring stiffness in the longitudinal direction of the
respective rod when the forces exerted on the respective rod
exceed the forces exerted on the rods in the resting position

of the magnetic arrangement. Hence, a high stiffness is
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achieved with the base load of the rods, wherein, however, in
the case of loads that exceed this, such as, for example, in
the case of forces caused by vibrations, the spring stiffness
decreases thus reducing the transfer of force onto the
sensitive magnetic coils in the magnetic coil unit. The
individual spring elements in the rods are preferably arranged
closer to the insulating vessel than to the magnetic coil
unit. This prevents an excessively close arrangement on the
cold side of the rods resulting in increasing brittleness of

the spring material of the spring elements.

The above-described embodiments of the invention have a series
of advantages. In particular, a low number of only six rods
can achieve suspension of the cold mass in the insulating
vessel such that all rotary and translatory movements of the
magnetic coil unit with respect to the insulating vessel are
restrained. In this case, due to the low number of rods, the
heat input from the rods into the cold mass is low. In
addition, due to the use of non-linear spring elements in the
rods, the transmission of force by vibrations onto the
magnetic coil unit during the operation of the arrangement can

be reduced.
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Claims

1. A superconducting magnetic arrangement including a magnetic
coil unit (2), which comprises a number of superconducting
magnetic coils, and an insulating vessel (3), wherein the
magnetic coil unit (2) is arranged in the insulating wvessel
(3),

characterized in that

the magnetic coil unit (2) is held in the interior of the
insulating vessel (3) by a maximum of six longitudinal bearing
elements (6), which each extend between the magnetic coil unit
(2) and the insulating vessel (3) such that rotary movement
and translatory movement of the magnetic coil unit (2)
relative to the insulating vessel (3) is restrained by the

bearing elements (6).

2. The superconducting magnetic arrangement according to claim

1, wherein the insulating vessel (3) is a vacuum vessel.

3. The magnetic arrangement as claimed in claim 1 or claim 2,
characterized in that the magnetic coil unit (2) is held by
precisely six longitudinal bearing elements (6) in the

interior of the insulating vessel (3).

4. The magnetic arrangement as claimed in any preceding claim,
characterized in that the bearing elements (6) are attached to
the insulating vessel (3) and the magnetic coil unit (2) such
that the bearing elements (6) are exposed to stress in their

longitudinal direction.

5. The superconducting magnetic arrangement according to claim
4, wherein each bearing element is exposed to one of: tensile

stress; and compressive stress.

6. The superconducting magnetic arrangement according to claim
5, wherein each bearing element is exposed to compressive

stress.
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7. The magnetic arrangement as claimed in one of the preceding
claims, characterized in that none of the bearing elements (6)
is parallel to another bearing element (6) in the longitudinal

direction.

8. The magnetic arrangement as claimed in one of the preceding
claims, characterized in that the magnetic coil unit (2) has
two opposite ends (202, 203) and the magnetic coil unit (2) is
surrounded by the insulating vessel (3), wherein the bearing
elements (6) are attached to attachment points (P) on the
magnetic coil unit (2) and to attachment points (P') on the

insulating vessel (3).

9. The magnetic arrangement as claimed in claim 8,
characterized in that the magnetic coil unit (2) is
cylindrical and/or the insulating vessel (3) is cylindrical,

about an axis A.

10. The magnetic arrangement as claimed in claim 9,
characterized in that one end of each of the bearing elements
(6) is attached to a ring (4) on the insulating vessel (3) at
respective attachment points (P') and the other end of each of
the bearing elements is attached at a respective attachment
point (P) on the magnetic coil unit (2), wherein the ring (4)
substantially extends perpendicularly to the axis (A) of the
magnetic coil unit (2), and a subset of the respective
attachment points (P) on the magnetic coil unit (2) are
partially offset toward one end (202) and another subset of
the resgpective attachment points (P) on the housing (201) of
the magnetic coil unit (2) are partially offset toward the
other end (203) of the magnetic coil unit (2) relative to the
ring (4).

11. The magnetic arrangement as claimed in claim 10,
characterized in that the ring (4) is one or more projection
extending from the insulating vessel (3) into the interior of

the insulating vessel (3).
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12. The magnetic arrangement as claimed in claim 10 or 11,
characterized in that the attachment points (P') of the
bearing elements (6) are arranged on the ring (4)

symmetrically around the circumference of the ring (4).

13. The magnetic arrangement as claimed in one of claims 10 to
12, characterized in that two bearing elements (6) extend in
their longitudinal direction from the ring (4) towards one end
(202) of the magnetic coil unit (2) and four bearing elements
(6) extend in their longitudinal direction from the ring (4)

towards the other end (202) of the magnetic coil unit (2).

14. The magnetic arrangement as claimed in one of claims 10 to
13, characterized in that three pairs of bearing elements (6)
are provided, wherein the bearing elements (6) of a respective
pair are attached at attachment points (P') offset with
respect to one another along the circumference of the ring (4)
and converge toward each other in a V-shape in the direction
of an end (202, 203) of the magnetic coil unit (2), wherein
the bearing elements (6) of a pair extend in the direction of
one end (202) of the magnetic coil unit (2) and the bearing
elements (6) of the other two pairs extend in the direction of
the other end (202) of the magnetic coil unit (2), wherein the
bearing elements (6) of a respective pair are preferably
attached to substantially the same attachment point (P) on the

magnetic coil unit (2).

15. The magnetic arrangement as claimed in claim 14,
characterized in that the pairs of bearing elements (6) are
arranged adjacent to one another in the circumferential
direction of the ring (4), wherein adjacent bearing elements
of different pairs (6) in the circumferential direction are
preferably substantially attached to the same attachment point
(P') on the ring (4).
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16. The magnetic arrangement as claimed in one of the
preceding claims in combination with either claim 8 or claim
9, characterized in that the bearing elements (6) extend from
respective attachment points (P) on the magnetic coil unit (2)
to respective attachment points (P') on the insulating wvessel
(3) such that the magnetic coil unit (2) is supported by the
bearing elements (6), with cylindrical axis A extending in a

horizontal plane.

17. The magnetic arrangement as claimed in claim 16, wherein
the bearing elements (6) extend inclined to the horizontal

plane.

18. The magnetic arrangement as claimed in claim 16 or claim
17, characterized in that the attachment points (P) of the
bearing elements (6) are arranged offset to one another on the
magnetic coil unit (2) at least partially in the axial

direction of the magnetic coil unit (2).

19. The magnetic arrangement as claimed in claim 1,
characterized in that three pairs of bearing elements (6) are
provided, wherein the bearing elements (6) of a regpective
pair are attached to different attachment points (P) on the
magnetic coil unit (2) and converge toward one another in a V-
shape toward the insulating vessel (3), wherein the bearing
elements (6) of a regpective pair are preferably attached to
substantially the same attachment point (P') on the insulating
vessel (3) and two bearing elements (6) of two different pairs
are preferably attached to substantially the same attachment

point (P) on the magnetic coil unit (2).

20. The magnetic arrangement as claimed in one of claims 16 to
19, characterized in that, in a top view, the attachment
points (P) of the bearing elements (6) on the magnetic coil
unit (2) form a first triangle and, in a top view, the
attachment points (P') of the bearing elements (6) on the

insulating vessel (3), form a second triangle , wherein, in a
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top view, the first triangle is offset with respect to the

second triangle in the vertical direction.

21. The magnetic arrangement as claimed in claim 20, wherein
the first triangle is offset by rotation by approximately
180°.

22. The magnetic arrangement as claimed in claim 20 or claim
21, wherein the magnetic coil unit (2) is cylindrical about an
axis A, and the attachment points (P) of the bearing elements
(6) on the magnetic coil unit (2); and the attachment points
(P') of the bearing elements (6) on the insulating vessel (3),
and the bearing elements, are all located below the axis A in

the vertical direction.

23. The magnetic arrangement as claimed in one of the

preceding claims, characterized in that the bearing elements
(6) are rods or loops that can be exposed to tensile and/or
compressive stress, wherein the loops are O-shaped or in the

shape of the figure “8”.

24 . The magnetic arrangement as claimed in one of the
preceding claims, characterized in that the bearing elements
(6) each include a non-linear spring element and/or are
embodied as a non-linear spring element, wherein the spring
stiffness of the non-linear spring element reduces in the
longitudinal direction of the respective bearing element (6)
when forces exerted on the respective bearing element (6)
exceed forces exerted on the bearing elements (6) in the

resting position of the magnetic arrangement (1).

25. The magnetic arrangement as claimed in claim 24,
characterized in that the non-linear spring elements in the
respective bearing elements (6) are arranged closer to the

insulating vessel than to the magnetic coil unit (2).
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