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ABSTRACT

Magnet assembly

It is described a magnet assembly. The magnet assembly (260)

comprises a base element (272, 273) and a magnet (271) at-

tached to a first surface of the base element. A second sur-

face of the base element opposite to the first surface of the
base element comprises a contour (273), which 1s adapted to

engage with a complementary contour (282) of a support struc-

ture (281) of a rotor arrangement. It is further described a

method for engaging a magnet assembly (260) to a support
structure of a rotor arrangement, a rotor arrangement for an

electromechanical transducer, an electromechanical transducer

and a wind turbine.

Fligure Z2a
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DESCRIPTION

Magnet assembly

Field of invention

The present invention relates to the technical field of elec-
tromechanical transducers having a rotor which comprises mag-
nets, in particular permanent magnets. In particular, the
present invention relates to a magnet assembly for a rotor
arrangement of an electromechanical transducer. Further, the
present invention relates to a rotor arrangement, to an elec-
tromechanical transducer and to a wind turbine, which are all
equipped with such a magnet assembly. Furthermore, the pre-
sent invention relates to a method for engaging a magnet as-

sembly with a support structure of a rotor.

Art Background

FElectromechanical transducers are machines, which convert
electrical energy into mechanilical energy or vice versa. An

electric motor is a widely used electromechanical transducer

that converts electrical energy into mechanical energy using

magnetic field linkage. An electric generator 1s an electro-
mechanical transducer that converts mechanical energy 1nto

electrical energy also using a magnetic field linkage.

An electromechanical transducer comprises a stator and a ro-
tor. The stator is an assembly, which represents the station-
ary part of an electromechanical transducer. The rotor 1s an
assembly, which represents the moving part of an electrome-

chanical transducer.

In order to realize a magnetic field linkage, magnets, for

instance permanent magnets, may be used 1n particular for a
rotor of an electromechanical transducer. In recent years,
especially since the introduction of rare-earth magnetic ma-

terials, permanent magnet (PM) electromechanical transducers
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have become popular since they eliminate the need for commu-
tators and brushes, which are commonly used with conventional
Direct Current (DC) electromechanical transducer. The absence

F

of an external electrical rotor excitation eliminates losses

on the rotor and makes permanent magnet electromechanical

transducers more efficient. Further, the brushless design of

a PM electromechanical transducer allows conductor coils to

be located exclusively 1n the stationary stator. In this re-
spect 1t 1s mentioned that non-PM electromechanical transduc-
ers, which are equlpped with commutators and brushes, are

susceptible to significantly higher maintenance costs.

PM electromechanical transducers are also known for their du-
rability, controllability, and absence of electrical spark-
ing. Thanks to their advantages the PM electromechanical
transducers are wlidely used 1n many applications such as
electric vehicles (electromechanical transducer is a motor)
Or 1n power generation systems (electromechanical transducer

1S a generator) such as for instance a wind turbine.

Strong permanent magnets, like rare-earth magnets, are used
to an increasing extent in large electrical machilines, espe-
cially 1n motors and generators. This is due to the increased
efficlency and robustness compared to electrical excitation.
But regarding practical applications some difficulties may

occur. The materials, in particular of rare-earth magnets,

may be rather brittle and cannot safely be fixed by bolting

alone. The magnets may be fixed to a rotor rim for example
by, for instance, gluing. Furthermore, it may be a difficult,

time consuming and not least a hazardous process to handle

the individual magnets and to get the correct position of
each magnet as the magnets may be pulled towards other mag-
nets and ferromagnetic objects in the production setup. Thus,
the mounting and alignment of the permanent magnets at the
rotor assembly are difficult and time consuming. Therefore,
there may be a need for facilitating mounting and alignment
of permanent magnets to a rotor assembly of an electrome-

chanical transducer.
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summary of the ITnvention

This need may be met by the subject matter according to the

independent claims. Advantageous embodiments of the present

invention are described by the dependent claims.

According to a first aspect of the invention there 1s pro-
vided a magnet assembly comprising a base element and a mag-

net attached to a first surface of the base element, whereiln

a second surface of the base element opposite to the first
surface of the base element comprises a contour, which 1s
adapted to engage with a complementary contour of a support

structure of a rotor arrangement.

The described magnet assembly 1s based on the i1dea that, by
using a contour and a complementary contour, each magnet may
be pushed safely in place providing a great advantage 1n con-
trast to traditional mounting, where each magnet is installed

without any guidance and where the magnet can be pulled to

another object by magnetic force. Further, the magnet assem-
bly may be more safely handled 1n production as the magnets
that are used may be very strong and constitute a potential
safety hazard if not handled correctly, but may be easilly
mounted as the contour arrangement may provide a secure guid-
ance for the positioning of the magnets. The magnet assembly
may provide a short time i1in production saving money. The use
of one patron (one pole patron) comprising a number of mag-
nets corresponding to one entire pole may provide easier and
safer handling of the magnets during assembly of the rotor.
The magnet assembly may further provide a possibility for

automated or seml automated assembly of the rotor.

The base element may comprise a contour, which i1s adapted to
engage with a complementary contour of the support structure.
This may provide the advantage that the base element or

mounting structure and the support structure can be mechani-
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cally connected to each other in a reliable manner without

using any specific tools such as a screwdriver or a spanner.

Specifically, when manufacturing the rotor arrangement the

magnet assembly may be inserted into a groove or put onto a

protrusion of a central shaft of the rotor arrangement in a
slidable manner, wherein the groove or the protrusion extend

in the longitudinal axial direction of the central shaft.

The base element may be a base plate comprising a first side
corresponding to the first surface of the base element and a
second side corresponding to the second surface of the base

element. This may provide the advantage that a permanent mag-

net, which usually has a planar surface, can be attached eas-

1ly to the base element.

Further, by using a base plate the base element can have a

fiat design, such that the magnet assembly can be realized

within a compact and in particular within a flat configura-

tion. This may provide the advantage that when using the de-

scribed magnet assembly the diameter of a corresponding rotor
assembly will be only marginally larger than the diameter of

a conventional rotor assembly.

According to a further embodiment of the invention, the con-
tour and/or the complementary contour is formed in a dove

tail manner. This may provide the advantage that the magnet

assembly can be aligned correctly with the support structure.
Further, a dove tail shape or any similar geometric form may
ensure a mechanically reliable fastening of the magnet assem-

bly with the support structure of the rotor arrangement.

According to a further embodiment of the invention, the sSup-

port structure of the rotor arrangement comprises a protru-
sion and the base element comprises a recess for engaging
with the protrusion of the support structure of the rotor ar-
rangement. The base element may be shaped with a dove-tail

guide on the opposite side of where the magnet is attached.
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The dove-tail guide may be prepared to engage with a corre-

sponding protrusion on the rotor support structure.

According to a further embodiment of the invention, the base

P
—

element comprises a protrusion and the support structure of

the rotor arrangement comprises a recess for engaging with

the protrusion of the base element. In this case, the rotor
support structure may comprise a dove tail guide that is pre-
pared to engage with a corresponding part on the base ele-

ment.

According to a further embodiment of the invention, the mag-
net 1s attached to the base element by a gluing material. The
glue may be located at a boundary surface between the base
element and the permanent magnet. This may mean that the fas-
tening of the permanent magnet to the base element is real-

ized by gluing.

In view of a typical large brittleness of magnetic materials

attaching the permanent magnet to the base element may be

preferable in particular over other fastening mechanisms such

as using screws and/or bolts. By using an appropriate glue
material the risk for damaging the permanent magnet when at-

taching the same to the base element may be kept very small.

According to a further embodiment of the invention, the mag-
net assembly further comprises a protective cover encapsulat-
ing the magnet. The magnet may consist of a material which

corrodes very easily and needs a high degree of protection.

Therefore, the magnet assembly may comprise a protective

cover for encapsulating the magnet.

p—

According to a further embodiment of the invention, the pro-

tective cover consists of a non-metallic material.

According to a further embodiment of the invention, the pro-

tective cover is fixed to the base element. The protective
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cover may be fixed to the base plate or element for instance

by gluing, welding or soldering.

According to a further embodiment of the invention, the base

element and/or the protective cover comprises an opening for
evacuating an interior of the protective cover. The interior
cavity between the protective cover and the base element may
be evacuated through at least one opening in the base element
or 1n the protective cover. In a further embodiment, two
openings both located in the base element may be used, one

opening to evacuate the interior cavity and the other opening

to 1nject a filling mass. The magnets may less corrode and be
mechanically protected inside a hermetically sealed protec-

tive cover filled with a suitable filling mass.

According to a further aspect of the invention there is pro-
vided a rotor arrangement for an electromechanical trans-
ducer. The provided rotor arrangement comprises a support

structure and a magnet assembly as described above.

The described rotor assembly is based on the idea that by us-
ing the magnet assembly as described above each magnet may be

pushed safely in place.

According to a further aspect of the invention there is pro-
vided an electromechanical transducer comprising a stator as-

sembly and a rotor arrangement as described above.

The provided electromechanical transducer is based on the
idea that with the above described rotor arrangement, using a
contour and a complementary contour, each magnet may be

pushed safely 1in place.

According to an embodiment of the invention the electrome-

chanical transducer is a generator.

According to a further aspect of the invention there is pro-

vided a wind turbine for generating electrical power. The
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provided wind turbine comprises a tower, a rotor, which is
arranged at a top portion of the tower and which comprises at
least one blade, and an electromechanical transducer as de-

scribed above, wherein the electromechanical transducer is

mechanically coupled with the rotor.

According to a further aspect of the invention there is pro-
vided a method for engaging a magnet assembly to a support
structure of a rotor, wherein the magnet assembly comprises a
pase element and a magnet attached to a first surface of the

pase element. The provided method comprises engaging a con-

tour of a second surface of the base element opposite to the
first surface of the base element with a complementary con-

tour of a support structure of a rotor arrangement.

Also the described engaging method is based on the idea that
by using the magnet assembly as described above each magnet
may e pushed safely in place providing a great advantage in
contrast to traditional mounting, where each magnet is in-
stalled without any guidance and where the magnet can be
pulled to another object by magnetic force. Further, by using
the described method, the magnet assembly may be more safely
handled in production as the magnets that are used may be
very strong and constitute a potential safety hazard if not
handled correctly, but may be easily mounted as the contour
arrangement may provide a secure guidance for the positioning

of the magnets.

It has to be noted that embodiments of the invention have

been described with reference to different subject matters.

A

In particular, some embodiments have been described with ref-
erence to apparatus type claims whereas other embodiments
have been described with reference to method type claims.
However, a person skllled in the art will gather from the
above and the following description that, unless other noti-

pim

fied, 1in addition to any combination of features belonging to

one type of subject matter also any combination between fea-

tures relating to different subject matters, in particular
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between features of the apparatus type claims and features o:
the method type claims is considered as to be disclosed with

this document.

pr—

According to one aspect of the present invention, there is

provided a magnet assembly comprising a base element and a

magnet attached to a first surface of the base element, wherein

r—

a second surface of the base element opposite to the first

surface of the base element comprises a contour, which is

g

adapted to engage with a complementary contour of a support

yr—

structure of a rotor arrangement, wherein the magnet assembly

1s further comprising a protective cover encapsulating the
magnet, wherein the protective cover is fixed to the base

element

—

According to another aspect of the present invention, there 1s

provided a rotor arrangement for an electromechanical
transducer, the rotor arrangement comprising a support

structure and a magnet assembly as described herein.

According to still another aspect of the present invention,

there 1s provided a wind turbine comprising a tower, a rotor,

which is arranged at a top portion of the tower and which

comprises at least one blade, and an electromechanical
transducer as descrilibed herein, wherein the electromechanical

transducer 1s mechanically coupled with the rotor.

F

The aspects defined above and further aspects of the present

F

1nventlion are apparent from the examples of embodiment to be

described hereinafter and are explained with reference to the
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p—

examples of embodiment. The invention will be described in more

F

detail herelnafter with reference to examples of embodiment but

to which the invention 1s not limited.

ﬁ F

Brief Description of the Drawings

Figure 1 shows a wind turbine according to an embodiment of the

present invention.

Figure Za shows 1n a cross sectional view two magnet
assembliles, which are engaged in a dove tail arrangement with

the support structure of the rotor assembly shown in Figure 1.

Figure Zb shows 1n a cross sectional view two magnet

assemblies, which are engaged in a dove tail arrangement,
opposite as shown 1n Figure 2a, with the support structure of

the rotor assembly shown in Figure 1.

Figure 3 shows in a perspective view the magnet assembly as

shown 1n Figure Z2Db.

Figure 4 shows 1n a perspective view a row of magnet assemblies

engaged with the support structure of the rotor assembly shown

in Figure 1.

Detalled Description

The 1llustration 1n the drawing 1s schematically. It is noted

that 1n different figures, similar or identical elements are

provided with the same reference signs.
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Figure 1 shows a wind turbine 100 according to an embodiment
of the invention. The wind turbine 100 comprises a tower 120,
which 1s mounted on a non-depicted fundament. On top of the
tower 120 there is arranged a nacelle 122. In between the
tower 120 and the nacelle 122 there is provided a yaw angle
adjustment device 121, which 1s capable of rotating the na-
celle 122 around a non depicted vertical axis, which 1is
aligned with the longitudinal extension of the tower 120. By
controlling the vaw angle adjustment device 121 1in an appro-
priate manner i1t can be made sure, that during a normal op-
eration of the wind turbine 100 the nacelle 122 1s always
properly aligned with the current wind direction. However,
the vaw angle adjustment device 121 can also be used to ad-
just the yaw angle to a position, wherein the nacelle 122 1is
intentionally not perfectly aligned with the current wind di-

rection.

The wind turbine 100 further comprises a rotor 110 having
three blades 114. In the perspective of Figure 1 only two
blades 114 are visible. The rotor 110 i1is rotatable around a
rotational axis 110a. The blades 114, which are mounted at a

hub 112, extend radially with respect to the rotational axis
110a.

In between the hub 112 and a blade 114 there is respectively
provided a blade adjustment device 116 in order to adjust the
blade pitch angle of each blade 114 by rotating the respec-
tive blade 114 around a non deplcted axis being aligned sub-
stantially parallel with the longitudinal extension of the
blade 114. By controlling the blade adjustment device 1ll6 the
blade pitch angle of the respective blade 114 can be adjusted
in such a manner that at least when the wind is not so0 strong
a maximum wind power can be retrieved from the available wind
power. However, the blade pitch angle can also be intention-
ally adjusted to a position, 1in which only a reduced wind

power can be captured.
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As can be seen from Figure 1, within the nacelle 122 there is
provided a gear box 124. The gear box 124 is used to convert

the number of revolutions of the rotor 110 into a higher num-

per of revolutions of a shaft 125, which is coupled in a
known manner to an electromechanical transducer 140. The

electromechanical transducer is a generator 140.

Further, a brake 126 is provided in order to stop the opera-

tion of the wind turbine 100 or to reduce the rotational

speed of the rotor 110 for instance (a) in case of an emer-
gency, (b) 1n case of too strong wind conditions, which might
harm the wind turbine 100, and/or (c) in case of an inten-

tional saving of the consumed fatique life time and/or the

fatigue life time consumption rate of at least one structural

component of the wind turbine 100.

The wind turbine 100 further comprises a control system 153
for operating the wind turbine 100 in a highly efficient man-
ner. Apart from controlling for instance the yaw angle ad-
justment device 121 the depicted control system 153 is also

used for adjusting the blade pitch angle of the rotor blades

114 in an optimized manner.

In accordance with basic principles of electrical engineer-
ing, the generator 140 comprises a stator assembly 145 and a
rotor arrangement 150. The stator assembly 145 comprises a

plurality of coils for generating electrical current in re-

sponse to a time alternating magnetic flux. The rotor ar-
rangement comprises a plurality of permanent magnets, which
are arranged 1n rows being aligned with a longitudinal axis
of the rotor arrangement 150. As will be described below in
detall, the permanent magnets being assigned to one row are
engaged with a support structure of the rotor arrangement,
whereln a contour of a magnet assembly comprising the perma-
nent magnets 1s adapted to engage with a complementary con-

tour of the support structure.
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Figure 2a shows in a cross sectional view two magnet assem-
blies 280, which are engaged in a dove tail arrangement with
the support structure 281 of the rotor assembly shown in Fig-
ure 1. The magnet assemblies comprise a base element 2/2 and
a permanent magnet 271 being positioned on the base element.
The base element 272 comprises a recess Or groove 2/3 as con-
tour. The support structure 281 of the rotor comprises a pro-
trusion 282 as complementary contour. The distance between

two protrusions 1s shown as length L.

Figure 2b shows in a cross sectional view two magnet assem-
blies, which are engaged in a dove tail arrangement, opposite
as shown in Figure 2a, with the support structure of the ro-
tor assembly shown 1n Figure 1. Figure Zb shows two magnet
assemblies 280, which are engaged in a dove tail arrangement
with the support structure 281 of the rotor assembly shown 1in
Figure 1. The magnet assemblies comprise a base element 272
and a permanent magnet 271 being positioned on the base ele-
ment. The base element 272 comprises protrusion 273 as con-
tour. The support structure 281 of the rotor comprises a re-
cess or groove 282 as complementary contour. The length of

one recess of the support structure is shown as length L.

Figure 3 shows in a perspective view the magnet assembly 260
as shown in Figure 2b. The support structure 281 of the rotor
comprises a recess 282. The magnet assembly comprises a base
element 272, 273 consisting of a plate part 272 and a protru-
sion part 273. A magnet or permanent magnet 271 is positioned
on the plate part. The magnet assembly may be inserted 1into
the recess of the support structure from one or two sides of
the support structure as shown in Figure 3 in a slidable man-

ner, wherein the recess or groove extend in the longitudinal

axial direction of the central shaft of the rotor arrange-
ment. This embodiment may also be implemented vice versa,
that means the magnet assembly comprising a recess and the

support structure comprising a protrusion.
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Figure 4 shows 1n a perspective view a row of magnet assem-
blies 400 engaged with the support structure of the rotor as-
sembly shown in Figure 1. The row of magnet assemblies com-
prises a plurality of magnet assemblies. Each magnet assembly
260 comprises a base element comprising a plate part 272 and
a protrusion part 273. A magnet 271 is positioned on the
plate part 272. Each magnet assembly 260 is inserted by slid-
ing into a recess or groove 282 of the support structure 281.
The recess and the protrusion may also be arranged vice
versa, that means the magnet assemblies comprising the recess

and the support structure comprising the protrusion.

The protrusion 273 is adapted to engage with the complemen-

tary contour of the support structure, i.e. with the recess

282. This provides the advantage that the base element 272,
273 and therefore the magnet assembly 260 and the support
structure 281 can be mechanically connected to each other in
a reliable manner without using any specific tools such as a

screwdriver or a spanner.

Specifically, when manufacturing the rotor arrangement the
magnet assembly may be 1lnserted i1nto the groove or put onto a
protrusion of a central shaft of the rotor arrangement 1n a
slidable manner, wherein the groove or the protrusion extend

in the longitudinal axial direction of the central shaift.

By using a contour (for instance a protrusion) and a comple-
mentary contour (for instance a recess), each magnet may be
pushed safely in place providing a great advantage 1n con-
trast to traditional mounting, where each magnet 1s 1installed
without any guidance and where the magnet can be pulled to
another object by magnetic force. Further, the magnet assem-
bly may be more safely handled in production as the magnets
that are used may be very strong and constitute a potential

safety hazard if not handled correctly, but may be easily
mounted as the contour arrangement, for instance a dove tail
arrangement, may provide a secure guidance for the position-

ing of the magnets as shown for example in Figure 4.
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It should be noted that the term “comprising” does not ex-
clude other elements or steps and “a” or “an” does not ex-
clude a plurality. Also elements described in association
with different embodiments may be combined. It should also be
noted that reference signs 1n the claims should not be con-

g

strued as limiting the scope of the claims.
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CLAIMS
1. A magnet assembly comprising
a base element and
a magnet attached to a first surface of the bése
element,

H

wherein a second surface of the base element opposite

gl

to the first surface of the base -element comprises a contour,

which 1s adapted to engage with a complementary contour of a

pr—

support structure OrL a rotor arrangement,

whereiln

d

the magnet assembly 1is further comprising
a protective cover encapsulating the magnet, wherein

the protective cover 1s fixed to the base element

2 . The magnet assembly as set forth 1n claim 1, wherein

the contour and/or the complementary contour is formed in a

dove taill manner.

L]

3. The magnet assembly as set forth in any one of

claims 1 to 2, wherein

the support structure of the rotor arrangement

comprises a protrusion and wherein the base element comprises a

recess for engagihg with the protrusion of the support

fr—

structure of the rotor arrangement.
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The magnet assembly as set forth in claims 1 or 2,

the base element comprises a protrusion and wherein

ﬁ

the support structure of the rotor arrangement comprises a

recess f

0.
1 to 4,

H

or engaging wlith the protrusion of the base element.

The magnet assembly as set forth in any one of claims

whereln

the magnet 1s attached to the base element by a

gluling material.

0.

The magnet assembly as set forth in any one of the

claims 1 to 5, wherein

material.

the protective cover consists of a non-metallic

7.

The magnet assembly as set forth in any one of the

claims 1 to 6, wherein the base element and/or the protective

F

cover comprises an opening for evacuating an interior of the

protective cover.

3 .

A rotor arrangement for an electromechanical

transducer, the rotor arrangement comprising

to /.

a support structure and

gr—
pr—

a magnet assembly as set forth in any one of

An electromechanical transducer comprising

a stator assembly and

claims 1
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a rotor arrangement as set forth in claim 8.

10. The electromechanical transducer as set forth in

claim 9, wherein

the electromechanical transducer is a generator.
11. A wind turbine comprising

a tower,

a rotor, which 1s arranged at a top portion of the

tower and which comprises at least one blade, and

an electromechanical transducer as set forth in one

—

of the claims 9 or 10, wherein the electromechanical transducer

1S mechanically coupled with the rotor.
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