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(54) Permanent magnet rotor

(57) A permanent magnet rotor comprises a rotor
body configured for rotating around a central rotational
axis and further comprises principal permanent magnets
that are substantially rectangular in axial cross-section
and are embedded in the rotor body and are arranged
inclined with respect to the radial plane extending through
the centre of the principal magnets and such as to have
a circumferential magnetic orientation. The principal

magnets have an inner end and an outer end, the outer
end being arranged in the proximity of the air gap of the
outer circumference of the rotor, and outer bridges of
magnetically conductive material being formed between
the outer ends of the principal magnets and the outer
circumference of the rotor. Auxiliary magnets are ar-
ranged near the outer ends of the principal magnets to
magnetically saturate the outer bridges.
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Description

[0001] The present disclosure relates to a permanent
magnet rotor for an electrical machine. The present dis-
closure also relates to a permanent magnet generator
rotor especially suitable for a wind turbine, and to a wind
turbine comprising such a permanent magnet generator
rotor.

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 magnets is dam-
aged and needs to be replaced, the access to these mag-
nets can be complicated (especially with large size gen-
erators), such that maintenance can become very ex-
pensive.
[0006] The permanent magnets may be made e.g.
from AlNiCo steel (Aluminium-Nickel-Cobalt) or rare
earth magnetic materials such as neodymium (NdFeB),
or samarium-cobalt,. These materials may be relatively
expensive. For this reason, it is important that the per-
manent magnets have the minimum size required and
that loss of magnetic flux of the permanent magnets of
the rotor is reduced to a minimum.
[0007] Cooling of the components is generally an im-
portant requirement in electrical  machines. A cooling air
flow may be established by the rotation of the rotor. In
some implementations, an additional cooling air flow may
be provided by a dedicated fan. Furthermore, in some
implementations a liquid cooling circuit may be provided.
Incorporation of a cooling circuit may further complicate
the assembly and manufacture of large permanent mag-
net generators. A plurality of radial cooling holes may
need to be drilled. These radial holes may complicate
manufacture and assembly and will generally not lead to
homogeneous cooling.
[0008] 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.

SUMMARY OF THE INVENTION

[0009] In a first aspect, the present invention provides
a permanent magnet rotor for an electrical machine hav-
ing a stator and a rotor and an air gap arranged between
the outer circumference of the rotor and the outer circum-
ference of the stator. The rotor has a rotor body config-
ured for rotating around a central rotational axis and fur-
ther comprises principal permanent magnets that are
substantially rectangular in axial cross-section and are
embedded in the rotor body and are arranged inclined
with respect to the radial plane extending through the
centre of the principal magnets and such as to have a
circumferential magnetic orientation. The principal mag-
nets have an inner end and an outer end, the outer end
of the magnet being arranged in the proximity of the air
gap of the outer circumference of the rotor, and outer
bridges of magnetic material being formed between the
outer ends of the principal magnets and the outer circum-
ference of the rotor, and auxiliary magnets are arranged
near the outer ends of the principal magnets to magnet-
ically saturate the outer bridges.
[0010] In this aspect of the invention, the arrangement
of the magnets inclined with respect to the local radial
plane lead to beneficial power and torque characteristics.
Additionally, loss of magnetic flux is minimized by the
magnetic saturation of the outer bridges between the
principal magnets and  the outer circumference of the
rotor provided by the magnetic field generated by the
auxiliary magnets. The magnetic flux of the permanent
magnets is thus all directed from the rotor to the stator.
[0011] Herein, 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.
[0012] The outer circumference of the rotor may be
defined as the circumference of the rotor delimiting the
air gap between rotor and stator. In this sense, the rotor
may either surround the stator or the stator may surround
the rotor.
[0013] In some embodiments, the auxiliary magnets
may be made from a different material than the principal
magnets. The material of the auxiliary magnets may be
cheaper than the material used for the permanent mag-
nets.
[0014] In some embodiments, inner bridges of mag-
netic material may be formed between the inner ends of
the principal magnets and portions of non-magnetic ma-
terial, and wherein auxiliary magnets are arranged near
the inner ends of the principal magnets to magnetically
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saturate the inner bridges. In these embodiments, the
loss of magnetic flux may be further reduced.
[0015] In some embodiments, the rotor body may com-
prise a rim and a plurality of permanent magnet modules
arranged on the outer or inner circumference of the rim,
wherein each of the permanent magnet modules extends
generally along an axial direction and being of substan-
tially constant axial-cross-section, and has a base adapt-
ed to be fixed to the rim, and one or more axial rows of
permanent magnets and rows of auxiliary magnets, and
one or more pole pieces. In these embodiments using
modules, assembly and maintenance is facilitated. Both
for repair and manufacture, modules of magnets can be
relatively easily inserted in place and removed. In alter-
native embodiments, the permanent magnets may be
embedded in a more solid rotor core that extends from
a shaft to an outer circumference (in case the stator sur-
rounds the rotor).
[0016] In some embodiments, one or more of the per-
manent magnet modules may  comprise two axial rows
of principal magnets. All the modules may be substan-
tially mechanically identical, i.e. they may be identical but
for the magnetization of the magnets. The assembly of
the generator rotor may thus be simplified. In other em-
bodiments, four axial rows of principal magnets may be
included in each of the modules. In these cases, the mod-
ules may be substantially identical. In alternative embod-
iments, modules with a single row of permanent magnets
may be used. Not all modules are necessarily identical
in this configuration. The axial rows of magnets may in-
clude, a single magnet, or two or more magnets axially
positioned behind each other.
[0017] In some embodiments, the base and pole piec-
es of the permanent magnet modules may be integrally
formed and the magnets may be embedded in the per-
manent magnet modules. If the base and pole pieces are
integrally formed (i.e. they form a monolithic piece) in
axial cross-section, the manufacturing tolerances for the
modules may be reduced.
[0018] In some embodiments, the rotor may comprise
a plurality of anchors for fixing the permanent magnet
modules to the rotor rim, wherein the permanent magnet
modules comprise a base having a bottom surface adapt-
ed to be fit to the inner or outer circumference of the rotor
rim, and two axially extending side surfaces, and the two
side surfaces of the base of the permanent magnet mod-
ules each comprise an axially extending groove, and
wherein the anchors have a shape that fits in axially ex-
tending grooves of neighbouring permanent magnet
modules. Optionally, these anchors may be substantially
T-shaped.
[0019] In these embodiments, a particularly easy way
of installing the modules on the rotor rim is provided. The
anchors may first be loosely attached to the rotor rim.
After placement of the module, the anchor may be tight-
ened and may engage with the base of the module.
[0020] In yet a further aspect, the disclosure provides
a wind turbine comprising a generator having a rotor sub-

stantially as hereinbefore described. In some implemen-
tations, the wind turbine may be a direct drive wind tur-
bine. In particular, the wind turbine may be an offshore
direct drive wind turbine. In other implementations, the
wind turbine could comprise a drive train with a gearbox.
[0021] 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

[0022] 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:

Figures 1a - 1c illustrate an electrical machine with
a permanent magnet rotor in which embodiments of
the invention may be incorporated.

Figures 2a and 2b illustrate another electrical ma-
chine with a permanent magnet rotor in which em-
bodiments of the invention may be incorporated.

Figure 3 illustrates an embodiment of the present
invention.

Figure 4 illustrates an axial cross-section of a per-
manent magnet module in accordance with another
embodiment of the present invention;

Figure 5 illustrates an axial cross-section of a per-
manent magnet module in accordance with yet an-
other embodiment of the present invention; and

Figures 6a - 6b schematically illustrate a rotor in ac-
cordance with further embodiments of the present
invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0023] Figure 1a schematically illustrates an outer
edge region of a permanent magnet rotor of an electrical
machine, e.g. a generator of a wind turbine. The rotor in
this example may comprise a rim 90 and a plurality of
modules 100 attached to the radially outer circumference
of the rim 90. The use of modules may facilitate assembly
and repair, particularly of large generators, such as gen-
erators that may be found on direct drive wind turbines.
[0024] Each module 100 may comprise a first and sec-
ond principal permanent magnet 110 and 120 respec-
tively arranged on a base 130. The base 130 has  an
upper portion with a substantially isosceles triangular
cross-section with the permanent magnets arranged
along the sides of the triangle.
[0025] The permanent magnets 110 and 120 are ar-
ranged to be inclined with respect to a local radial plane.
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The magnets have a circumferential magnetic orientation
(also sometimes referred to as "transversal" or "tangen-
tial" 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 "tangential") direction. With such an
arrangement, the magnetic flux between a permanent
magnet 110 of a first module, and a permanent magnet
120 of another module is concentrated towards the sta-
tor. This is further illustrated in figure 1 c.
[0026] First principal magnet 110 extends between an
inner end 114 and an outer end 112, the outer end being
closer to the outer circumference of the rotor, i.e. the
outer end is closer to the stator, as illustrated in figures
1b and 1c. Second principal magnet 120 also comprises
an inner end 124 and an outer end 122. Bridges 126 and
116 of (ferro)magnetic material are formed between the
outer ends of the principal permanent magnets.
[0027] The permanent magnet module may be of sub-
stantially constant cross-section and may comprise a
stack of metal sheets. The metal sheets of the stack may
be welded stuck to each other, or may be joined e.g. by
adhesives or by other mechanical means such as e.g.
clamping bolts.
[0028] Such a laminated structure may reduce or avoid
eddy currents. The metal sheets may be formed by
punching or e.g. laser cutting and may be glued together.
Rectangular through-holes may be formed in the metal
sheets so as to embed the rectangular permanent mag-
nets. These holes may also be formed e.g. by punching
or by laser cutting. In alternative embodiments, instead
of a stack of metal sheets, an integral piece could be
used. Embedding the magnets in this way reduces the
part count and as a result of the reduction of components
that are to be assembled, tolerances may automatically
decrease.
[0029] The magnets may be securely fixed using suit-
able adhesives. 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.
[0030] Each of the modules may be attached to the
rotor rim 90 by means of an anchor 140. Legs 142 of the
base of the modules 100 may be pressed between a
portion of the anchor 140 and the rotor rim. The anchors
may be made from a substantially non-magnetic material.
Inner bridges 118 and 128 are formed between the inner
ends 114 and 124 of the principal magnets and the non-
magnetic anchors 140.
[0031] An air gap 150 is formed between the outer cir-
cumference of the rotor and the stator 200, see figure 1
b. The stator may comprise a plurality of windings 220
wound around teeth 210. As the rotor rotates, the mag-
netic field generated by the permanent magnets causes
a varying magnetic field in the windings, which causes
an electrical current in the windings 220.
[0032] Figure 1c illustrates a possible loss of magnetic
flux along the inner bridges 118 and 128 and the outer
bridges 116 and 126. The loss of magnetic flux is caused
by magnetic flux lines from the principal magnet closing

on the same magnets. Only the magnetic flux lines that
reach the stator can provoke an electrical current. In this
sense, the potential loss at the outer bridges tends to be
more significant than the loss at the inner bridges.
[0033] Figures 2a and 2b illustrate a similar electrical
machine that suffers from similar problem. The most im-
portant difference with the previous electrical machine is
the arrangement of cooling channels at the inner end
outer ends of the principal magnets of the magnet module
100. An outer cooling channel 113 may be provided near
an outer end portion 112 of magnet 110. An inner cooling
channel 111 may be provided near an inner end
portion114 of magnet 110. Similarly, an outer cooling
channel 123 and an inner cooling channel 121 may be
provided at the ends of the magnet 120.
[0034] Cooling channels through which air may pass
in operation serves to maintain the temperature of the
rotor within an acceptable range. The incorporation of
the cooling channels in the permanent magnet modules
does not complicate manufacture and assembly.
[0035] A secondary effect of the incorporation of the
cooling channels may be that the size of the outer and
inner bridges may be reduced. A reduction of the  size
of the bridges may reduce the loss of magnetic flux. On
the other hand, the loss of magnetic flux is hard to avoid
completely, particularly at the outer bridges since mate-
rial is needed at the outer end to hold the permanent
magnets (as is schematically illustrated in figure 2b)
[0036] Figure 3 schematically illustrates an example
of the present invention. Compared to figure 2, the cool-
ing channels have been substituted by auxiliary magnets.
In this example, at each end of magnet 110 and at each
end of magnet 120, auxiliary magnets 117, 119, 127 and
129 may be provided. The auxiliary magnets serve to
magnetically saturate the inner bridges 118, 128 and out-
er bridges 116 and 126. If the bridges are magnetically
saturated, the magnetic flux of the permanent magnets
is all directed towards the stator.
[0037] The principal magnets may be made e.g. from
AlNiCo steel (Aluminium-Nickel-Cobalt), or rare earth
magnetic materials such as neodymium (NdFeB), or sa-
marium-cobalt. The auxiliary magnets may be made of
a relatively cheap material, such as e.g. ferrite (ceramic
materials with Fe2O3 as their principal component). The
principal magnets may thus be made of materials having
superior mechanic and/or magnetic characteristics. The
dimensions of the principal magnets may be determined
in accordance with the requirements of the generator (or
motor), without taking into account any possible loss of
magnetic flux. The auxiliary magnets may be sized and
arranged with the mere goal of magnetically saturating
the bridges, particularly the outer bridges. A cost-effec-
tive design of the permanent magnet rotor may thus be
achieved.
[0038] Figure 4 illustrates an axial cross-section of a
permanent magnet module in accordance with another
embodiment of the present invention. Permanent magnet
module 100 comprises a base 13, a first axial row of
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permanent magnets 110 and a second axial row of per-
manent magnets 120. The axial rows of magnets may
be a single magnet, or a plurality of magnets axially po-
sitioned behind each other.
[0039] The North and South of the permanent magnets
are indicated in figure 4. The magnetization of magnets
in one module is the opposite to the magnetization of its
neighbouring modules.
[0040] The magnets may be inclined towards a central
radial plane 2 of the module. The magnets do not extend
along the local radial planes 4 and 6 (the radial planes
passing through the center of the magnets), but instead
are inclined with respect to these planes, as illustrated
in figure 4. The magnetic flux lines from the North of the
second magnet 120 to the South of the fist magnet 110
will be substantially straight, i.e. horizontal. The two mag-
nets together may form a single pole, and the magnetic
flux lines from the North of the first magnet to the South
on the second magnet will enclose a winding arranged
on the stator (not shown). Pole pieces 14a and 14b act
as flux concentrators.
[0041] The permanent magnet module may be of sub-
stantially constant cross-section and may comprise a
stack of metal sheets. The metal sheets of the stack may
be welded stuck to each other, or may be joined e.g. by
adhesives. Alternatively, the metal sheets may be me-
chanically joined together using e.g. clamp bolt.
[0042] Such a laminated structure may reduce or avoid
eddy currents. The metal sheets may be formed by
punching or e.g. laser cutting and may be glued together.
Rectangular through-holes may be formed in the metal
sheets so as to embed the rectangular permanent mag-
nets. These holes may also be formed e.g. by punching
or by laser cutting. In alternative embodiments, instead
of a stack of metal sheets, an integral piece could be
used. Embedding the magnets in this way reduces the
part count and as a result of the reduction of components
that are to be assembled, tolerances may automatically
decrease.
[0043] The magnets may be securely fixed using suit-
able adhesive. 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.
[0044] The base 13 has an upper portion with a sub-
stantially isosceles triangular cross-section with the per-
manent magnets arranged along the sides of the triangle.
The bottom of the base of the module may be adapted
to fit on the inner or outer circumference of the rotor rim.
The bottom 24 of the base may thus be slightly curved.
[0045] A weight saving recess 18 may be provided at
the bottom. The side surfaces  of the base may comprise
grooves 16. The base 13 may comprise legs 29 forming
the lower end of the grooves. Suitably shaped anchors
may be used for fixing the permanent magnet modules
to the rotor rim. The anchors may be of such shape that
they engage with the surfaces of the grooves 16 (and
legs 29) when fixed to the rotor rim.
[0046] To assemble the rotor, the anchors may be

loosely attached at the circumference of the rotor rim.
Then, the permanent magnet modules 10 may be insert-
ed and slid between two neighbouring anchors. Then, to
fix the magnet modules in place, the bolts of the anchors
may be tightened, so that the anchors press a portion of
the base against the circumference of the rotor rim.
[0047] In this aspect, a permanent magnet rotor is pro-
vided for which the assembly and maintenance is facili-
tated. Both for repair and manufacture, modules of mag-
nets can be relatively easily inserted and removed. Fric-
tion between the magnets and rotor rim during installation
and/or maintenance may be avoided.
[0048] Since the grooves in the side surfaces of the
modules are substantially larger than the corresponding
side portions of the anchors, a space remains between
two modules. This space may serve for cooling.
[0049] The base 13 and pole pieces may e.g. be made
from steel or another magnetically conducting material.
Outer bridges 116, 126 of magnetically conducting ma-
terial are formed between the outer ends of the principal
magnets and the outer circumference of the rotor. Inner
bridges 118, 128 of magnetically conducting material are
formed between the inner ends of the principal magnets
and magnetically non-conducting material (in this case
air between two neighbouring modules of the rotor body).
[0050] In order to avoid magnetic flux of the principal
magnets being lost, auxiliary magnets 117, 119, 127 and
129 are incorporated for magnetically saturating the
bridges. In this case, the auxiliary magnets have a cir-
cumferential magnetic orientation just as the principal
magnets. However, in order to magnetically saturate the
bridges, the auxiliary magnets could also have a radial
magnetic orientation.
[0051] Figure 5 schematically illustrates a cross-sec-
tion of a permanent magnet module according to another
embodiment. In this case, each module may comprise
two rows of embedded permanent magnets which are
inclined with respect to the local radial planes 4 and 6
and may be inclined towards a central radial plane 2,
substantially similar to the embodiments illustrated in fig-
ure 4.
[0052] In this embodiment, an axially extending cooling
channel 15a is provided at the foot (i.e. inner end) of the
first magnet 11. Another cooling channel 15b is provided
at the top (i.e. outer end) of magnet 120. Similar cooling
channels 17a and 17b are provided at the foot and top
of magnet 110 respectively. The cooling channels are
incorporated in the module in this configuration, which
facilitates the manufacture and assembly while assuring
enough cooling.
[0053] The bottom 24 of the base comprises grooves
16, which in this case may be formed by straight cut-outs.
The permanent magnets may be embedded in a similar
way as described before. T-shaped anchors may sit sub-
stantially exactly in the grooves 16.
[0054] In this example, an auxiliary magnet 117 and
an auxiliary magnet 127 may be arranged near the outer
ends of the principal magnets to magnetically saturate

7 8 



EP 2 680 401 A1

6

5

10

15

20

25

30

35

40

45

50

55

the outer bridges. In this example, a cooling channel is
thus provided between the principal magnets and the
auxiliary magnets. The auxiliary magnets may have any
required shape and may be formed by filling slots in the
rotor core with bond magnet (plastic magnetic material),
and the bond magnet can then be solidified. The intro-
duction of the bond magnet in the slots may be done
using injection moulding.
[0055] In alternative embodiments, one or more cool-
ing channels may be provided in other positions near the
principal magnets. In one example, an auxiliary magnet
may surround a cooling channel.
[0056] Figures 6a and 6b illustrate another embodi-
ment in axial cross-section and in radial cross-section
respectively.
[0057] Figure 6a illustrates two permanent magnet
modules installed on the rotor rim  next to each other.
Each of the modules 100 may comprise a first magnet
110 (or first row of magnets) and a second magnet 120
(or second row of magnets) which are rectangular and
are inclined with respect to the local radial planes of the
magnets.
[0058] The permanent magnet modules have a cir-
cumferential magnetic orientation. It may be seen that
the magnetization of the magnets of one module is the
opposite of the magnetization of the magnets of the
neighbouring module. Pole pieces 14a and 14b may act
as flux concentrators.
[0059] In alternative embodiments, the two neighbour-
ing modules could be formed as a single module. Even
more modules shown separately could be combined in
a single module. The same applies to the examples il-
lustrated in other figures.
[0060] Also illustrated in figure 6a are the stator 200
and the air gap 150 between rotor and stator. In this em-
bodiment, the stator substantially surrounds the rotor. In
other implementations, the rotor may surround the stator.
[0061] The permanent magnet modules may comprise
a central cooling channel 19. The magnets may be em-
bedded in the permanent magnet modules.
[0062] In this example, auxiliary magnets 117, 119,
127 and 129 that are radially magnetized are provided
to magnetically saturate the outer bridges 126 and 128.
In the example shown, the auxiliary magnets may be
physically separated from the principal magnets, i.e. a
portion of magnetically conductive material is arranged
between the principal magnets and auxiliary magnets.
This portion could potentially be a source of a loss of
magnetic flux, so that the auxiliary magnets need to mag-
netically saturate these portions as well.
[0063] T-shaped anchors 30 may be used to attach the
modules to the outer circumference of the rotor rim 32.
The two sideways extending anchoring portions of the
T-shaped anchor fit in a corresponding groove 16 of the
permanent magnet modules and thus lock the legs 29 of
the permanent magnet module in place.
[0064] The attachment of the permanent magnet mod-
ules to the rotor rim may further be seen in figure 6b,

which represents a radial cross-section along line A-A
indicated in figure 6a. The central rotor structure of the
rotor may comprise spokes that are substantially T-
shaped in radial cross-section. However, any other alter-
native central rotor structure supporting the rotor rim may
be used.
[0065] In the embodiments illustrated in any of figures
3 - 6, the pairs of (rows of) embedded magnets of the
modules are arranged as an inverted "V". This disposition
of magnets may have advantages during assembly and
installation. Neighbouring modules repel each other,
which may facilitate assembly. Additionally, it may be
easier to magnetize the permanent magnets.
[0066] This disposition of magnets in combination with
the integrated cooling channels may reduce leakage of
magnetic flux.
[0067] 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°, particularly in the range of 10 ° - 50
°, more particularly between 10° and 40°.
[0068] 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 other 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.
[0069] 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 in
the side surfaces of the base. Although only a number
of particular embodiments and examples of the invention
have been disclosed herein, it will be understood by those
skilled in the 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 embodiments described. Thus, the scope of
the present invention 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 rotor for an electrical machine
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having a stator and a rotor and an air gap arranged
between the outer circumference of the rotor and the
outer circumference of the stator,
the rotor comprising a rotor body configured for ro-
tating around a central rotational axis and further
comprising
principal permanent magnets that are substantially
rectangular in axial cross-section and are embedded
in the rotor body and are arranged inclined with re-
spect to the radial plane extending through the centre
of the principal magnets and such as to have a cir-
cumferential magnetic orientation, wherein
the principal magnets have an inner end and an outer
end, the outer end of the magnet being arranged in
the proximity of the air gap of the outer circumference
of the rotor, and outer bridges of magnetically con-
ductive material being formed between the outer
ends of the principal magnets and the outer circum-
ference of the rotor, wherein
auxiliary magnets are arranged near the outer ends
of the principal magnets to magnetically saturate the
outer bridges.

2. A permanent magnet rotor according to claim 1,
wherein outer cooling channels are provided near
the outer ends of the principal magnets.

3. A permanent magnet rotor according to claim 2,
wherein outer cooling channels are provided be-
tween the outer ends of the principal magnets and
the outer bridges.

4. A permanent magnet rotor according to any of claims
1 - 3, wherein inner bridges of magnetically conduc-
tive material are formed between the inner ends of
the principal magnets and portions of non-magnetic
material, and wherein
auxiliary magnets are arranged near the inner ends
of the principal magnets to magnetically saturate the
inner bridges.

5. A permanent magnet rotor according to claim 4,
wherein inner cooling channels are provided near
the inner ends of the principal magnets.

6. A permanent magnet rotor according to claim 5,
wherein the inner  cooling channels are provided be-
tween the inner ends of the principal magnets and
the portions of non-magnetic material.

7. A permanent magnet rotor according to any previous
claim, wherein the auxiliary magnets are smaller
than the principal magnets.

8. A permanent magnet rotor according to any previous
claim, wherein the auxiliary magnets are made of a
different material than the principal magnets, option-
ally a cheaper material.

9. A permanent magnet rotor according to any previous
claim, wherein the auxiliary magnets have a circum-
ferential magnetic orientation.

10. A permanent magnet rotor according to any of claims
1 - 8, wherein the auxiliary magnets have a radial
magnetic orientation.

11. A permanent magnet rotor according to any previous
claim, wherein the auxiliary magnets are made of
ferrite.

12. A permanent magnet rotor according to any previous
claim, wherein the rotor body comprises a rim and a
plurality of permanent magnet modules arranged on
the outer or inner circumference of the rim,
each of the permanent magnet modules extending
generally along an axial direction and being of sub-
stantially constant axial-cross section, and compris-
ing
a base adapted to be fixed to the rim of the generator
rotor, and one or more axial rows of permanent mag-
nets and rows of auxiliary magnets, and one or more
pole pieces.

13. A permanent magnet rotor according to claim 12,
wherein the rim is of a substantially non-magnetic
material.

14. A permanent magnet rotor according to claim 12 or
13, further comprising a plurality of anchors for fixing
the permanent magnet modules to the rotor rim,
wherein
the permanent magnet modules comprise a base
having a bottom surface adapted to be fit to the inner
or outer circumference of the rotor rim, and two ax-
ially extending side surfaces, and
the two side surfaces of the base of the permanent
magnet modules each comprise an axially extending
groove, and wherein
the anchors have a shape that fits in axially extending
grooves of neighbouring permanent magnet mod-
ules.

15. A permanent magnet rotor according to claim 14,
wherein the anchors are made of a substantially non-
magnetic material.

16. A permanent magnet generator according to any of
claims 12 - 15, wherein each of the permanent mag-
net modules comprises two axial rows of magnets.

17. A permanent magnet generator according to any of
claims 11 - 16, wherein the base and pole pieces are
formed by a stack of metal sheets.

18. A direct drive wind turbine comprising a generator hav-
ing a generator rotor according to any of claims 1 - 17.
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