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(54) Permanent magnet modules and rotors

(57) A permanent magnet rotor comprising a rotor
rim and a plurality of permanent magnet modules ar-
ranged on the outer or inner circumference of the rotor
rim. The permanent magnet modules comprise a base
adapted to be fixed to the rim of the generator rotor, one
or more permanent magnets, and a central magnet sup-
port structure. The base and the central magnet support

structure comprise a plurality of radial holes. The perma-
nent magnet modules are adapted so that, when bolts
are inserted in the radial holes to fix the central magnet
support structure to the base, at least a portion of a first
and a second surface of each permanent magnet remain
substantially in conforming contact with a surface of the
base and a surface of the central magnet support struc-
ture, respectively.
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Description

[0001] The present invention relates to permanent
magnet modules and rotors for electrical machines, and
more particularly relates to permanent magnet modules
and rotors that are especially suitable for wind turbines.

BACKGROUND ART

[0002] Electrical machines, such as motors and gen-
erators having a rotor with permanent magnets are
known. They are generally deemed to be reliable and
require less maintenance than other generator topolo-
gies.
[0003] Modern wind turbines are commonly used to
supply electricity into the electrical grid. Wind turbines of
this kind generally comprise a rotor with a rotor hub and
a plurality of blades. The rotor is set into rotation under
the influence of the wind on the blades. The rotation of
the rotor shaft either directly drives the generator rotor
("directly driven") or through the use of a gearbox. Par-
ticularly for offshore wind turbines, direct drive systems
employing permanent magnets are usually chosen.
[0004] Such a direct drive wind turbine generator may
have e.g. a diameter of 6 - 8 meters and a length of e.g.
2 - 3 meters. Hundreds of magnets may need to be at-
tached, e.g. by screwing or gluing to the circumference
of the rotor. It will be clear that this manufacturing process
can be cumbersome.
[0005] Furthermore, if one or more of the magnets is
damaged and needs to be replaced, the access to these
magnets can be complicated (especially with large size
generators), such that maintenance can become very
expensive.
[0006] This size and type of generator however is not
limited to offshore applications, and not even to the field
of wind turbines only. Generators of considerable dimen-
sions that may suffer from the same problems and/or
have the same complications may also be found e.g. in
steam turbines and water turbines. Also relatively large
permanent magnet motors may have the same or similar
problems.
[0007] Examples of permanent magnet rotors that aim
at dealing with the aforementioned problems may com-
prise a rotor rim and a plurality of permanent magnet
modules arranged on the outer or inner circumference
of the rotor rim. The permanent magnet modules may
extend generally along an axial direction and may be of
substantially constant axial-cross section. The perma-
nent magnet modules may comprise a base adapted to
be fixed to the rim of the generator rotor and a central
magnet structure. The central magnet structure may
comprise one or more permanent magnets, and a central
magnet support structure acting as a flux concentrator.
The central magnet support structure may comprise a
plurality of radial holes. The base may also comprise a
plurality of radial holes aligned with the radial holes of
the central magnet support structure. Bolts or screws in-

serted in the radial holes may be used to fix the central
magnet structure to the base. Once the permanent mag-
net module is assembled, a first surface of each magnet
should be in contact with the central magnet support
structure and a second surface with the base.
[0008] However, a problem may arise when such a per-
manent magnet module is assembled. As the bolts are
tightened, the central magnet support structure exerts a
non-uniform pressure on the lateral sides or wings of the
base. As a result the base of the permanent magnet mod-
ule may deform and stress concentration points or areas
may appear. When the base is deformed, at least one
side of the permanent magnets may become detached.
Consequently, when the rim rotates, during operation,
the permanent magnets may vibrate. Such vibrations
may increase the noise levels of the permanent magnet
rotor, may accelerate wear of the central magnet struc-
ture and may reduce the magnetic flux. Consequently,
the effectiveness of the flux concentrator is compro-
mised.
[0009] It would be desirable to provide a permanent
magnet rotor in which the above drawbacks are at least
partially solved.

SUMMARY OF THE INVENTION

[0010] In a first aspect, a permanent magnet module
is proposed suitable for use in a permanent magnet rotor,
the permanent magnet rotor comprising a rotor rim and
a plurality of permanent magnet modules arranged on
the outer or inner circumference of the rotor rim. The
permanent magnet module may extend generally along
an axial direction and may be of substantially constant
axial-cross section. The permanent magnet module may
comprise a base adapted to be fixed to the rim of the
generator rotor and a central magnet structure. The cen-
tral magnet structure may comprise a central magnet
support structure and one or more permanent magnets
adjoined to the central magnet support structure. The
base and the central magnet structure may comprise a
plurality of radial holes, wherein each hole of the base
may be aligned with each hole of the central magnet
structure, respectively. The central magnet structure may
be fixed to the base by a plurality of bolts inserted in the
radial holes. The permanent magnet module may be
adapted so that, upon deformation as a result of the bolts
being inserted in the radial holes to fix the central magnet
structure to the base, at least a portion of a first and a
second surface of each permanent magnet may substan-
tially be in conforming contact with a surface of the base
and with a surface of the central magnet support struc-
ture, respectively.
[0011] In this aspect of the invention, it has been iden-
tified that the cause of the problem of stress concentration
areas is that the permanent magnets are in non-conform-
ing contact with the base and with the central magnet
support structure after the bolts are tightened. The rea-
son is that, while tightening of the bolts, non-uniform pres-
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sure may be exerted on certain sections of the base. To
mitigate the problem of the creation of stress concentra-
tion areas, a permanent magnet module is provided to
provide substantially conforming contact between the
permanent magnets and the base and/or with the central
magnet support structure, even when the base is de-
formed. Adaptation of the permanent magnet module re-
sults in an increase in the number of contact points, on
one side between a first surface of the permanent magnet
and a surface of the central magnet support structure
and, on the other side between a second surface of the
permanent magnet and a surface of the base. Such an
increase in the number of contact points is measured
when comparing an adapted permanent magnet module
and a non-adapted permanent magnet module. Although
in both cases the base is deformed, an adapted perma-
nent magnet module comprises a permanent magnet
having at least a portion of a first and a second surface
that may be substantially in conforming contact with a
surface of the base and with a surface of the central mag-
net support structure, respectively, after fixing of the base
to the central magnet structure. In contrast, in a non-
adapted permanent magnet module, a first and a second
surface of the permanent magnet may be in non-con-
forming contact with a surface of the base and with a
surface of the central magnet support structure, respec-
tively, after fixing of the base to the central magnet struc-
ture.
[0012] A conforming contact may be defined as one in
which two bodies may touch at multiple points (i.e., they
just "fit together") so that, when pressed together, the
stress points are distributed along the multiple points of
contact. Furthermore, movement of one body results in
movement of the other body in unison. That is, movement
of one body does not cause vibrations to the other body.
In contrast, a non-conforming contact may be defined as
one in which the shapes of the bodies are dissimilar
enough that they only touch at a point, or possibly along
a line of their surfaces. As a consequence, when pressed
together, the contact point (or line) may become stress
point (or line). Furthermore, when one of the bodies
moves the other body may vibrate within the non-con-
tacting space that is generated due to the non-conform-
ing contact.
[0013] Axial cross-section may be defined as the
cross-section with a plane that is perpendicular to the
rotational axis of the rotor. An axial direction may be de-
fined as a direction coinciding with the rotational axis of
the rotor or parallel thereto.
[0014] In some embodiments of the permanent mag-
net module, the central magnet support structure may be
shaped substantially as an inverted triangle having two
lateral sides facing the permanent magnets and a top
side facing outwardly. The base may comprise two side
wings shaped as orthogonal triangles having their hypot-
enuses facing the permanent magnets.
[0015] In some embodiments of the permanent mag-
net rotor, the central magnet support structure may be

provided with lateral sides sized to account for an ex-
tended space generated between the two wings of the
base when the base is in a deformed state due to the
tightening of the bolts so that, after the bolts have been
tightened, at least a portion of a first and a second surface
of the permanent magnets may substantially be in con-
forming contact with a surface of the central magnet sup-
port structure and with a surface of the base, respectively.
[0016] According to these embodiments, the deforma-
tion of the base due to fixing of the base to the central
magnet structure is taken into account when calculating
the size of the central magnet support structure. There-
fore, the area that the central magnet support structure
shall cover may be estimated not when the bolts are
loose, but under the tension of the bolts. As a result the
area that the central magnet support structure shall even-
tually cover after fixing may be different than what would
be measured based on the dimensions of the permanent
magnet module parts in a loose state. Consequently, the
central magnet support structure is manufactured with
dimensions corresponding to this different area. Thus,
the permanent magnets substantially fit in a conforming
manner between the base and the central magnet sup-
port structure.
[0017] In other embodiments of the permanent magnet
rotor, the central magnet support structure may include
at least a groove to provide flexibility to the central magnet
support structure when the bolts are tightened.
[0018] According to these embodiments, when the bolt
is tightened during fixing of the base to the central magnet
structure, deformation of the base is followed by a cor-
responding deformation of an area or a part of the central
magnet support structure. Thus, at least a part of the
central magnet support structure and a part of the base
remain substantially parallel and at least a portion of a
first and a second surface of each permanent magnet
may substantially be in conforming contact with a surface
of the base and with a surface of the central magnet sup-
port structure, respectively.
[0019] In some of the embodiments of the permanent
magnet rotor, one or more grooves may be formed at a
lateral side of the central magnet support structure that
is in contact with one of the permanent magnets. One or
more elastic elements are incorporated in the one or more
grooves so that, when the bolts are tightened, the elastic
elements of the central magnet support structure are de-
formed. The elastic elements may be placed at a position
where no contact would be expected after tightening of
the bolt. Therefore, the elastic elements may provide ex-
tra contact points between the magnets and the central
magnet support structure. As a result, at least a portion
of a first and a second surface of each permanent magnet
may substantially be in conforming contact with a surface
of the base and with a surface of the central magnet sup-
port structure, respectively.
[0020] In some embodiments of the permanent mag-
net rotor, the permanent magnet modules may further
comprise an axial cooling channel extending substantial-
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ly along the length of the modules. The central magnet
support structure may further comprise one or more axial
holes. A groove or slot may extend from the axial cooling
channel until one of the axial holes of the central magnet
support structure.
[0021] According to these embodiments deformation
of the area of the central magnet support structure around
the slot may provide the necessary deformation to the
central magnet support structure so that at least a part
of the central magnet support structure and a part of the
base may substantially be parallel. As a result, at least
a portion of a first and a second surface of each perma-
nent magnet may substantially be in conforming contact
with a surface of the base and with a surface of the central
magnet support structure, respectively.
[0022] In some embodiments of the permanent mag-
net rotor, the central magnet structure may further com-
prise a plurality of elastic elements placed between the
central magnet support structure and the permanent
magnets or between the base and the permanent mag-
nets. These elastic elements may provide extra points of
contact between the central magnet support structure
and the permanent magnets or between the base and
the permanent magnets. As a result, at least a portion of
a first and a second surface of each permanent magnet
may substantially be in conforming contact with a surface
of the base and with a surface of the central magnet sup-
port structure, respectively.
[0023] In another aspect of the invention a permanent
magnet rotor may comprise a rotor rim and a plurality of
permanent magnet modules according to the embodi-
ments, wherein all the modules are substantially identi-
cal.
[0024] In yet another aspect of the invention, a wind
turbine may comprise a generator having a generator
rotor according to any of the embodiments.
[0025] Additional objects, advantages and features of
embodiments of the invention will become apparent to
those skilled in the art upon examination of the descrip-
tion, or may be learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Particular embodiments of the present inven-
tion will be described in the following by way of non-lim-
iting examples, with reference to the appended drawings,
in which:

Figure 1 schematically illustrates a permanent mag-
net module in accordance with an embodiment of
the present invention;

Figure 1A illustrates a detail of a permanent magnet
rotor in accordance with an embodiment of the
present invention;

Figure 1B illustrates a base of a permanent magnet
module;

Figure 2 schematically illustrates a detail of a per-
manent magnet rotor in accordance with another em-
bodiment of the present invention;

Figure 2A is a perspective view of a detail of a per-
manent magnet rotor in accordance with the embod-
iment of Figure 2;

Figure 3 schematically illustrates a detail of a per-
manent magnet rotor in accordance with another em-
bodiment of the present invention;

Figure 4 schematically illustrates a detail of a per-
manent magnet rotor in accordance with another em-
bodiment of the present invention;

Figure 5 schematically illustrates a detail of a per-
manent magnet rotor in accordance with another em-
bodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0027] Figure 1 schematically illustrates a permanent
magnet module in accordance with an embodiment of
the present invention. Permanent magnet module 10
may comprise base 15 and central magnet structure 18
secured together with bolt 34. Central magnet structure
18 may comprise central magnet support structure 20
and a plurality of permanent magnets 25. Central magnet
support structure may include axial hole 30.
[0028] Permanent magnet module 10 may comprise
at least a first permanent magnet 25 and a second per-
manent magnet 25’ and a central cooling channel 33 lo-
cated at the foot of the first and second permanent mag-
nets.
[0029] The permanent magnets may be of generally
rectangular cross-section and may be inclined towards
a central radial plane (line B-B) of the permanent magnet
module.
[0030] Permanent magnet module 10 may comprise a
central magnet support structure 20 which acts as a flux
concentrator with a cross-section that is substantially
close to an inverted triangle. At the top two vertices of
the triangle, lateral hooks 24 may be incorporated in order
to mechanically lock the permanent magnets in between
the central magnet support structure 20 and the base 15
of the permanent magnet module.
[0031] Central magnet support structure 20 may com-
prise an axial hole 30 in which a rod 31 may be inserted.
A plurality of radial holes, at different axial positions, may
be provided in the central magnet support structure. Rod
31 may comprise a number of transverse through-holes
(not shown), such that when the rod is inserted, the trans-
verse through-holes are lined up with the radial holes of
the central magnet support structure. Base 15 also in-
cludes a number of radial holes lined up with the radial
holes of central magnet support structure. Bolts 34 that
may be inserted in these radial holes may extend into
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and beyond the transverse holes of rod 31, into an upper
portion of the central magnet support structure 20. The
permanent magnets may thus be clamped between base
15 and central magnet support structure 20. A secure
way of fixing the magnets in the module may thus be
established.
[0032] Figure 1A schematically illustrates a detail of a
permanent magnet rotor in accordance with an embod-
iment of the present invention. The permanent magnet
rotor comprises rotor rim 5 and a plurality of permanent
magnet modules 10 fixedly secured together with a plu-
rality of bolts 36, respectively. Permanent magnet mod-
ule 10 may include base 15, central magnet support
structure 20 and a plurality of permanent magnets 25.
[0033] Figure 1B schematically illustrates base 15 of
permanent magnet module 10 of Figure 1. Base 15 may
comprise, as shown, side wings 16 and bottom part 17.
A part 16a of side wing 16 may be formed as an orthog-
onal triangle having a hypotenuse facing inwards. Side
wings 16 may further include protrusions 16b on where
the permanent magnets may sit. Bottom part 17 may be
substantially rectangular and may include groove 18 and
legs 19. Groove 18 and legs 19, as shown in Figure 1A,
are used to support anchor 37. Anchor 37 has a T-shape
configuration that is substantially complementary to the
shape of groove 18 with legs 19. Anchor 37 may press
the legs 19 of bottom part 17 of base 15 against the rotor
rim and fix the permanent magnet module in place.
[0034] To assemble the rotor, anchors 37 may be
loosely attached at the circumference of the rotor rim.
Then, permanent magnet modules 10 may be inserted
and slid along the anchors. Then, to fix the permanent
magnet modules in place, bolts 36 of the anchors may
be tightened, so that the anchors press a portion of the
base against the circumference of the rotor rim.
[0035] In the embodiment of figure 1 the pairs of (rows
of) permanent magnets of the modules are arranged in
a "V"-shape resting between the hypotenuses of side
wings 16 and the lateral sides of central magnet support
structure 20. This disposition of magnets in combination
with the integrated cooling channels may reduce leakage
of magnetic flux.
[0036] Inclination of the magnets with respect to the
corresponding local radial plane (radial plane passing
through the center of the magnet) may vary. The angle
of inclination with respect to the radial plane may be in
the range of 0 - 90°, more particularly in the range of 10
° - 50 °, in particularly between 10° and 40°.
[0037] During assembly and more particularly during
fixing of central magnet structure 18 to base 15, base 15
may be deformed. More particularly, when bolts 34 are
tightened, non-uniform pressure is applied on wings 16
of base 15. As a result, base 15 may be deformed, side
wings 16 of base 15 may deflect outwardly, and the area
between wings 16 is extended. Consequently, after fixing
of central magnet support is completed, a gap may be
created between permanent magnets 25 and base 15
and/or between the central magnet support structure and

the permanent magnets.
[0038] According to the embodiment of the permanent
magnet module of Figure 1, the size and/or shape of cen-
tral magnet support structure 20 may be adapted so that
the central magnet support structure and the magnets
substantially fit in a conforming manner, that is the are
provided with a plurality of contact points that do not allow
relative movement of the permanent magnets and, con-
sequently, vibrations, in the (extended) space provided
between the wings 16 of base 15 when bolts 34 are tight-
ened. To account for the deformation of base 15 during
assembly of the permanent magnet module, the dimen-
sions of central magnet support structure 20 may be pur-
posefully manufactured slightly larger than they would
be if measurement was based only on the dimensions of
the available space between wings 16 in an unassembled
state. As a result, the area that central magnet support
structure 20 shall eventually span after assembly may
be greater than what appears in tranquility.
[0039] Figure 2 schematically illustrates a detail of a
permanent magnet rotor in accordance with another em-
bodiment of the present invention. Central magnet sup-
port structure 20 may include at least one groove (or slot)
40 extending from air channel 33 up to axial hole 30.
During fixing of base 15 to central magnet structure 18,
non-uniform pressure is exerted between central magnet
structure 18 and wings 16 of base 15. Slot 40 allows
central magnet support structure to deform and absorb
at least part of the induced stress. As a result, permanent
magnets 25, 25’ may remain substantially in conforming
contact along at least a portion of their entire length with
both the inner side of the side wings and with the lateral
sides of the central magnet support structure.
[0040] In another implementation (not shown), the slot
may extend from axial hole 30 up to the top side of the
central magnet support structure. In yet another imple-
mentation, two slots in a V-configuration extend from ax-
ial hole 30 up to the top side of the central magnet support
structure. One skilled in the art may appreciate that the
position and number of slots may be determined once
the deformation pattern of the base of the permanent
magnet module due to fixing of central magnet structure
to base is known.
[0041] Figure 2B schematically illustrates a detail of a
permanent magnet rotor in accordance with a further em-
bodiment of the present invention. A plurality of perma-
nent magnet modules 10 are fixed on rotor rim 5. Each
permanent magnet module 10 comprises a base 15, a
central magnet support structure 20 with a slot and a
plurality of magnets 25 arranged in a V-configuration be-
tween the base and the central magnet support structure.
Each central magnet support structure comprises an ax-
ial hole 30 and a slot 40 between an air channel 33 and
the axial hole. Rotor rim 5 includes a plurality of radial
holes 7 for fixing permanent magnet modules to the rotor
rim with bolts.
[0042] The permanent magnet modules may be of sub-
stantially constant cross-section and may comprise a
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stack of metal sheets.
[0043] Figure 3 schematically illustrates a detail of a
permanent magnet rotor in accordance with a further em-
bodiment of the present invention. Central magnet sup-
port structure 20 may include a plurality of grooves 50.
At least one of grooves 50 may be formed at each lateral
side of central magnet support structure 20 that is in con-
tact with a permanent magnet, respectively. Each groove
50 may include elastic element 52. Elastic elements 52
may be springs or masses of any resilient material. One
skilled in the art may appreciate that any item with resil-
ient properties may be used. Elastic elements 52 may
slightly protrude from groove 50 when bolt 34 is not fixed.
During fixing of central magnet structure to base, side
wings 16 may deform and, as a consequence, elastic
elements 52 deform as well. As a result, conforming con-
tact between portions of the sides of permanent magnets
25, 25’ and the sides of central magnet support structure
20 and/or of the wings may be maintained. Elastic ele-
ments 52 provide extra contact points between perma-
nent magnets 25, 25’and central magnet support struc-
ture 20. Furthermore, the elastic elements push the per-
manent magnets towards the base and force contact of
the permanent magnets with the wings of the base in
areas where, otherwise, there would be no contact as a
result of the deformation of the base.
[0044] Figures 4 and 5 schematically illustrate a detail
of a permanent magnet rotor in accordance with further
embodiments of the present invention. Elastic elements
55 may be provided between central magnet support
structure 20 and permanent magnets 25, 25’ as shown
in Fig. 4. Accordingly, central magnet structure 18 may
comprise elastic elements 60 between permanent mag-
nets 25, 25’ and side wings 16 as shown in Fig. 5. Elastic
elements 55 may be arranged along the lateral sides of
central magnet support structure. Elastic elements 60
may be arranged along the sides of the permanent mag-
nets that face side wings 16 of base 15. Elastic elements
55, 60 may be springs or masses of any resilient material.
During fixing of central magnet structure to base, side
wings 16 deform. Elastic elements 55, 60 deform as well
so that conforming contact between portions of the sides
of permanent magnets 25, 25’ and the sides of central
magnet support structure 20 and/or of the side wings may
be maintained. Elastic elements 55, 60 provide extra con-
tact points between permanent magnets 25, 25’and cen-
tral magnet support structure 20 or between permanent
magnets 25, 25’and base 15, respectively. Furthermore,
the elastic elements push the permanent magnets to-
wards the central magnet support structure or towards
the base and force contact of the permanent magnets
with lateral sides of the central magnet support structure
or with the wings of the base in areas where, otherwise,
no contact would be possible as a result of the deforma-
tion of the base.
[0045] It should be noted that in working conditions the
bolt that fixes the central magnet structure to the base
may loosen up. In the embodiments where adaptation of

the central magnet structure provides flexibility to the
central magnet structure, said flexibility allows the central
magnet structure to adapt to this loose condition and, as
a result, the permanent magnets maintain contact with
the base and with the central magnet support structure.
[0046] In all embodiments, the axial rows of magnets
may be a single magnet, or a plurality of magnets axially
positioned behind each other.
[0047] The North and South of the permanent magnets
may be as indicated in Figure 1. The magnets may have
a circumferential orientation (also sometimes referred to
as "transversal" or "tangential" orientation), i.e. the North
and South of each of the magnets are arranged in the
rotor next to each other in a circumferential (or "tangen-
tial") direction.
[0048] The permanent magnets may be securely fixed
to central magnet support structure using suitable adhe-
sive, such as glue. At both the front and the rear end, the
magnets may be sealed from the outside using e.g. end
plates and/or epoxy resin.
[0049] The bottom part of the base may be adapted to
fit on the inner or outer circumference of the rotor rim.
The bottom part of the base may thus be slightly curved.
[0050] Base 15 and central magnet support structure
20 may e.g. be made from steel or another magnetically
conducting material. The permanent magnets may be
made e.g. from AlNiCo steel (Aluminium-Nickel-Cobalt),
rare earth magnetic materials such as neodymium (Nd-
FeB), or samarium-cobalt, but may also be made from
e.g. ceramic materials. To facilitate assembly, the per-
manent magnets may be magnetized after assembly of
the permanent magnet modules.
[0051] T-shaped anchors 37 may be used to attach the
modules to the outer circumference of rotor rim 5.
[0052] The permanent magnet modules as illustrated
herein may have a length that substantially corresponds
to the axial length of the electrical machine, e.g. a gen-
erator or motor; each permanent magnet module thus
spans substantially the entire length of the electrical ma-
chine. In some embodiments, the length of a module may
be substantially half of the axial length of the electrical
machine; two permanent magnet modules span the
length of the electrical machine. In these cases, one mod-
ule may be inserted from the front and one module may
be inserted from the rear. Similarly, in some embodi-
ments, the anchors may span the length of the electrical
machine. In other embodiments, the anchors may be di-
vided in various segments that together span the length
of the electrical machine.
[0053] In most of the embodiments illustrated herein,
T-shaped anchors were used to securely fix the base of
the modules to the rotor rim. In other embodiments, other
anchors may be used that have a different shape that is
substantially complementary to the grooves formed at
the base.
[0054] Although only a number of particular embodi-
ments and examples of the invention have been dis-
closed herein, it will be understood by those skilled in the
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art that other alternative embodiments and/or uses of the
invention and obvious modifications and equivalents
thereof are possible. Furthermore, the present invention
covers all possible combinations of the particular embod-
iments described. Thus, the scope of the present inven-
tion should not be limited by particular embodiments, but
should be determined only by a fair reading of the claims
that follow.

Claims

1. A permanent magnet module for a permanent mag-
net rotor, the permanent magnet rotor comprising a
rotor rim and a plurality of permanent magnet mod-
ules arranged on the outer or inner circumference of
the rotor rim,
the permanent magnet module extending generally
along an axial direction and being of substantially
constant axial-cross section, and comprising
a base adapted to be fixed to the rim of the generator
rotor and a central magnet structure, the central
magnet structure comprising a central magnet sup-
port structure and one or more permanent magnets
adjoined to the central magnet support structure,
wherein the base and the central magnet structure
comprise a plurality of radial holes, each hole of the
base aligned with each hole of the central magnet
structure, respectively, and wherein the central mag-
net structure is fixed to the base by a plurality of bolts
inserted in the radial holes,
wherein the central magnet structure is adapted so
that, upon deformation as a result of the bolts being
inserted in the radial holes to fix the central magnet
structure to the base, at least a portion of a first and
a second surface of each permanent magnet are
substantially in conforming contact with a surface of
the base and with a surface of the central magnet
support structure, respectively.

2. The permanent magnet module according to claim
1, wherein the central magnet support structure is
shaped substantially as an inverted triangle having
two lateral sides each facing a permanent magnet
and a top side facing outwardly and wherein the base
comprises two side wings shaped as orthogonal tri-
angles each having a hypotenuse facing a perma-
nent magnet.

3. The permanent magnet module according to claim
2, wherein the central magnet support structure is
provided with lateral sides sized to account for an
extended space generated between the two side
wings of the base when the base is in a deformed
state due to the tightening of the bolts so that, after
the bolts have been tightened, at least a portion of
a first and a second surface of the permanent mag-
nets is substantially in conforming contact with a sur-

face of the base and with a surface of the central
magnet support structure, respectively.

4. The permanent magnet module according to claim
2 or 3, wherein the central magnet support structure
further comprises at least a groove to provide flexi-
bility to the central magnet support structure so that,
when the bolts are tightened, the central magnet sup-
port structure is deformed and, as a result, at least
a portion of a first and a second surface of each per-
manent magnet are substantially in conforming con-
tact with a surface of the base and with a surface of
the central magnet support structure, respectively.

5. The permanent magnet module according to claim
2 or 3, further comprising at least one groove at a
lateral side of the central magnet support structure
that is in contact with one of the permanent magnets
and wherein an elastic element is incorporated in the
at least one groove so that, when the bolts are tight-
ened, the elastic element of the central magnet sup-
port structure is deformed and, as a result, at least
a portion of a first and a second surface of each per-
manent magnet are substantially in conforming con-
tact with a surface of the base and with a surface of
the central magnet support structure, respectively.

6. The permanent magnet module according to claim
5, wherein a plurality of grooves are formed at each
lateral side of the central magnet support structure
that is in contact with one of the permanent magnets
and wherein an elastic element is incorporated in
each groove.

7. The permanent magnet module according to claim
4, further comprising an axial cooling channel ex-
tending substantially along the length of the module,
and wherein the central magnet support structure
further comprises at least one axial hole,
wherein the at least one groove extends from the
axial cooling channel until one axial hole of the cen-
tral magnet support structure.

8. The permanent magnet module according to claim
4, wherein the central magnet support structure fur-
ther comprises at least one axial hole,
wherein the groove extends from the at least one
axial hole of the central magnet support structure
until the top side of the central magnet support struc-
ture.

9. The permanent magnet module according to any of
claims 2 to 8, the central magnet structure further
comprising a plurality of elastic elements placed be-
tween the central magnet support structure and the
permanent magnets, so that, when the bolts are
tightened, the elastic elements are deformed and,
as a result, at least a portion of a first and a second
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surface of each permanent magnet are substantially
in conforming contact with a surface of the base and
with a surface of the central magnet support struc-
ture, respectively

10. The permanent magnet module according to any of
claims 2 to 9, the central magnet structure further
comprising a plurality of elastic elements placed be-
tween the permanent magnets and the base so that,
when the bolts are tightened, the elastic elements
are deformed and, as a result, at least a portion of a
first and a second surface of each permanent mag-
net are substantially in conforming contact with a sur-
face of the base and a surface of the central magnet
support structure, respectively.

11. A permanent magnet module according to any of
previous claims, further comprising a first and a sec-
ond axial row of permanent magnets.

12. A permanent magnet module according to any of
previous claims, wherein each of the permanent
magnets has a circumferential magnetic orientation
and is substantially rectangular in axial cross-section
and wherein each of the permanent magnets is in-
clined with respect to the radial plane of the magnet.

13. A permanent magnet rotor comprising a rotor rim
and a plurality of permanent magnet modules, ac-
cording to any of previous claims, wherein all the
modules are substantially identical.

14. Wind turbine comprising a generator having a gen-
erator rotor according to claim 13.
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