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Description

[0001] The field of the invention relates generally to
permanent magnetassemblies, and more particularly, to
permanent magnet assemblies and methods of manu-
facturing the same for use in electric machines.

[0002] Some known electric machines, e.g., those
used with electric utility class wind generators and other
applications, use large diameterrotors (i.e., rotors having
a diameter of 0.61 m (two feet) or greater). One example
of such an electric machine is a 2-10 megawatt, medium
speed (e.g., 100-400 rpm) permanent magnet generator
for wind turbines. Known large diameter rotors generally
include a plurality of permanent magnet assemblies. At
least some known permanent magnet assemblies are
formed from multiple magnetic blocks that are secured
to the rotor. However, known magnetic blocks, which are
typically made from Neodymium Iron Boron (NdFeB),
may not be adequately protected from the environment,
and as such, over time such magnets may be vulnerable
to corrosion. Corroded magnetic blocks may flake, crack,
crumble, or otherwise degrade. Corrosion of the magnet-
ic blocks may adversely reduce the reliability and life of
the electric machine.

[0003] In some known machines, the magnetic blocks
are coated with a thin protective layer. For example, the
magnetic blocks can be coated with approximately 10-30
micrometers of an epoxy or nickel plating. Although such
coatings generally facilitate preventing corrosion to the
magnets, applying the thin protective layer to the mag-
netic blocks also increases the production costs. More-
over, the protective layer may be easily damaged during
handling of the magnetic blocks and more particularly,
may be damaged during assembly of the electric ma-
chine (e.g., attaching the magnetic blocks to the rotor).
The damaged portions of the layer may leave the mag-
netic blocks susceptible to corrosion. Thus, the thin pro-
tective layers that are sometimes used, may be inade-
quate to protect the magnetic blocks from corrosion.
[0004] Within at least some large diameter machines,
some magnetic blocks are covered with plastic across
all of their outwardly-facing surfaces. However, in such
embodiments, the surface of the magnetic blocks adapt-
ed for face-to-face engagement with the rotor is left un-
covered because the plastic may adversely effect the
magnetic flux between the magnetic blocks and the rotor.
As a result, the uncovered surface is vulnerable to cor-
rosion.

[0005] Insmalldiameter machines (i.e., machines hav-
ing a diameter less than 0,61 m (two feet)), a sealed
metallic retaining can or ring is often used to secure the
magnetic blocks in position, as well as to provide addi-
tional corrosion protection. Such retaining cans andrings
are not feasible for use in large diameter machines as
the cans and rings may be easily damaged during their
installation thereby making them difficult to install on
large diameter machines. Within at least some small di-
ameter machines, the magnetic blocks are secured di-
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rectly to the rotor using fiberglass banding. However,
such banding generally is not used with large diameter
rotors because it takes a long time for the fiberglass to
cure. In addition, the ovens that must be used to cure
such arotor are large and are expensive to construct and
maintain. In addition, such ovens generally require large
amount of energy. Moreover, the fiberglass may not pre-
vent circumferential movement of the magnetic blocks
with respect to the rotor.

[0006] DE 10 2005 040 389 relates to an electric drive
having a bell-shaped armature and external permanent
magnet elements.

[0007] In one aspect according to the present inven-
tion, a permanent magnet rotor assembly in accordance
with the appended claims is provided.

[0008] Various aspects and embodiments of the
present invention will now be described in connection
with the accompanying drawings, in which:

Figure 1 is a perspective view of a portion of an ex-
emplary permanent magnet rotor assembly includ-
ing a rotor and a plurality of permanent magnet pole
assemblies coupled thereto.

Figure 2 is a cross sectional view of one of the per-
manent magnet pole assemblies shown in Figure 1,
removed from the rotor, and including a plurality of
encapsulating elements.

Figure 3is a perspective view of the permanent mag-
net pole assembly shown in Figure 2 wherein one of
the encapsulating elements is semi-transparent.

Figure 4 is a perspective view of the permanent mag-
netic pole assembly shown in Figure 2 and with one
of the encapsulating elements and two of the mag-
netic blocks removed.

[0009] Figure 1is a perspective view of a portion of an
exemplary permanent magnet rotor assembly 10 for an
electrical machine (not shown). In the exemplary embod-
iment, magnet rotor assembly 10 includes a rotor 12 and
a plurality of permanent magnet pole assemblies 14 that
are each coupled to rotor 12. In the exemplary embodi-
ment, each permanent magnet pole assembly 14 is cou-
pled to rotor 12 using a plurality of mechanical fasteners
(not shown), such as, but not limited to, bolts. Alterna-
tively, assemblies 14 can be coupled to rotor 12 using
any other known coupling method, such as but not limited
to bonding or clamping. Moreover, in the exemplary em-
bodiment, magnet rotor assemblies 14 are suitable for
use with large diameter electric machines, such as, for
example, high pole count electric machines that are use-
fulfor low/medium speeddrives, such as direct-drive mul-
ti-megawatt wind generators. As defined herein a large
diameter machine uses a rotor having a diameter of ap-
proximately 0.61 m (two feet) or larger. It should be un-
derstood by one of ordinary skill in the art, however, that



DK/EP 2075898 T3

3 EP 2 075 898 B1 4

magnet rotor assemblies 14 can be used with other types
of electric machines without departing from the scope of
the invention. For example, permanent magnet pole as-
semblies 14 can be used in single and/or double-sided
rotors, and in both inner-rotor and outer-rotor topologies.
[0010] Figure 2 is a cross sectional view of one per-
manent magnet pole assembly 14 removed from rotor
12. Inthe exemplary embodiment, each permanent mag-
netic pole assembly 14 includes a plurality of magnetic
blocks 16 and an encapsulating member 20 that sub-
stantially encapsulates each magnetic block 16 to facil-
itate preventing blocks 16 from corroding. Moreover, in
the exemplary embodiment, each permanent magnetic
pole assembly 14 includes four magnetic blocks 16. Al-
ternatively, pole assembly 14 may include more or less
than four magnetic blocks 16. In the exemplary embod-
iment, each magneticblock 16 includes atop 22, abottom
24, two sides 26 and two opposite ends 28 (shown in
Figure 3). Moreover, in the exemplary embodiment, each
top 22, bottom 24, side 26 and end 28 of magnetic blocks
16 is substantially planar. It is contemplated, however,
that the magnetic blocks 16 can be fabricated with a bot-
tom 24 that is contoured with a shape that substantially
matches the contour of an outer surface of rotor 12
(shown in Figure 1). Alternatively, the number, size, and
shape of magnetic blocks 16 are variably selected, based
onthe size of rotor 12 and the anticipated electrical losses
in magnetic blocks 16. Moreover, as should be appreci-
ated by one of ordinary skill in the art, magnetic blocks
16 can have any shape thatenables assembly 14 to func-
tion as described herein. For example, smaller magnetic
blocks generally have lower electrical losses per unitarea
(loss densities) than larger magnetic blocks.

[0011] In the exemplary embodiment, encapsulating
member 20 includes afirst encapsulating element 30 and
a second encapsulating element 32 that extends from
first encapsulating element 30. First and second encap-
sulating elements 30 and 32, respectively, cooperative
to form a protective cover that substantially encapsulates
magnetic blocks 16 and shields each magnetic block 16
from the environment to facilitate preventing or minimiz-
ing corrosion of magnetic blocks 16. In the exemplary
embodiment, first encapsulating element 30 underlies
magnetic blocks 16, and second encapsulating element
32 overlies the magnetic block 16. Alternatively, first and
second elements 30 and 32, respectively, could be ar-
ranged in any orientation or configuration that enables
encapsulating member 20 to function as described here-
in. Moreover, in alternative embodiments, encapsulating
member 20 includes more than two elements 30 and 32.
[0012] Figure 3 is a perspective view of pole assembly
14 with second encapsulating element 32 being fabricat-
ed from a semi-transparent material. Figure 4 is a per-
spective view of assembly 14 with element 32 and two
magnetic blocks 16 each removed. In the exemplary em-
bodiment, first encapsulating element 30 is a tray that
has a base 34 and a periphery flange 36 that extends
upward from an outer periphery of base 34. Periphery
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flange 36 may be formed by bending edges of base 34
upward to form a flange that extends about the perimeter
of the base. In the exemplary embodiment, element 30
is sized and shaped to receive magnetic blocks 16 in
side-by-side relationship such that an optional gap 38 is
defined between each pair of adjacent magnetic blocks
16. Specifically, in the exemplary embodiment, magnetic
blocks 16 are positioned on tray base 34 such that each
block bottom 24 is oriented in a substantial face-to-face
engagement against the tray. In the exemplary embodi-
ment, the tray is sized to receive four magnetic blocks
16 such that periphery flange 36 extends around the four
blocks 16. As illustrated bestin Figure 1, in the exemplary
embodiment, a lower surface of tray base 34 is contoured
with a shape that enables the tray to substantially con-
form to the contoured outer surface of the rotor 12 to
which the permanent magnetic pole assembly 14 is
mounted.

[0013] In the exemplary embodiment, the tray is fabri-
cated from a metallic material and first encapsulating el-
ement 30 has a greater corrosion resistance than that of
the magnetic blocks 16. For example, in one embodi-
ment, first encapsulating element 30 is fabricated from a
ferromagnetic sheet steel. Alternatively, other types of
metallic materials can be used to fabricate first encapsu-
lating element 30.

[0014] In the exemplary embodiment, second encap-
sulating element 32 is fabricated from a fiber-reinforced
polymer that extends from first encapsulating element
30. More specifically, in the exemplary embodiment, the
fiber-reinforced polymer is molded onto first encapsulat-
ing element 30 and onto magnetic blocks 16 such that
blocks 16 are encapsulated by element 30. Moreover, in
the exemplary embodiment, the fiber-reinforced polymer
extends over and covers the top 22, sides 26, and ends
28 of each magnetic block 16. As a result, element 30
substantially seals each gap 38 defined between each
adjacent pair of magnetic blocks 16. Alternatively, sec-
ond encapsulating element 32 can be coupled to, or ex-
tend from, element 30 in other ways besides being mold-
ed directly tofirst encapsulating element 30 and magnetic
blocks 16. A thickness of the fiber-reinforced polymer
between adjacent magnetic blocks 16, and an airgap of
the electric machine (not shown) is preferably as thin as
is allowed by mechanical requirements to facilitate max-
imizing the efficiency of the magnetic flux paths defined
within pole assembly 14. Suitable polymers for use in the
fiber-reinforced polymer of second encapsulating ele-
ment 32 include, but are not limited to only including,
polyamide, polyurethane, polyester, vinyl, nylon, polycar-
bonate, and/or epoxy. The fiber-reinforced polymer may
also be a laminate. In another embodiment, second en-
capsulating element 32 is formed from a polymer and
does not include fiber reinforcement.

[0015] Because encapsulating member 20 completely
encapsulates magnetic blocks 16, magnetic blocks 16
are substantially protected from environmental condi-
tions that may cause corrosion. The improved corrosion
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protection facilitates increasing the reliability and useful
life of the electric machine. For example, known wind
turbine generators having large diameter rotors generally
have enclosures ratings of IP54 as set forth by the Inter-
national Electrotechnical Commission’s (IEC)’s standard
60529. The enclosure rating is a rating of the degree of
protection provided by such enclosures. Permanent
magnetic pole assemblies 14 fabricated in accordance
with the presentinvention potentially enable an enclosure
to be used that has less stringent requirements, such as
an enclosure rating of IP23, without sacrificing any level
of protection. As such, such enclosures facilitate the use
of a wind turbine generator that is less costly to manu-
facture, to maintain, and to operate as compared to
known wind turbine generators that use enclosures that
have a greater enclosure rating.

[0016] Permanent magnetic pole assemblies 14 can
be manufactured by initially providing first encapsulating
element 30, and then positioning at least one magnetic
block 16 within first encapsulating element 30. Second
encapsulating element 32 is then coupled to, orextended
from, first encapsulating element 30. As described
above, first and second encapsulating elements 30 and
32, respectively, cooperate to completely encapsulate
magnetic blocks 16 such that blocks 16 are substantially
shielded from environmental conditions that may cause
corrosion. In the exemplary embodiments described
herein, magnetic blocks 16 are positioned within a gen-
erally, flat (or contoured) tray such that adjacent blocks
16 are in a side-by-side relationship with each other, and
are in substantial face-to-face contact with the tray. The
bottom of the tray is contoured with a shape that sub-
stantially mirrors the contour of the outer surface of the
rotor 12. In the exemplary embodiment, second encap-
sulating element 32 extends from, and is coupled to, the
firstencapsulating element 30 through a molding process
in which a fiber-reinforced polymer is extruded over each
magnetic block 16 and over first encapsulating element
30.

[0017] The encapsulating member 20 as described
herein facilitates the prevention of magnetic blocks 16
from corrosion. More specifically, the encapsulating
member 20, as described above, substantially encapsu-
lates the magnetic blocks 16 and shields each magnetic
block 16 from the environment.

[0018] The methods, apparatus, and systems are not
limited to the specific embodiments described herein or
to the specific illustrated encapsulating member.

[0019] Whiletheinvention hasbeendescribedinterms
of various specific embodiments, those skilled in the art
will recognize that the invention can be practiced with
modification within the scope of the claims.
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Patentkrav

1. Permanentmagnet-rotoranordning (10) til anvendelse med en vindmglle,
rotoranordningen omfattende:
5 en rotor (12) med en diameter pa 60 cm eller stgrre; og
en flerhed af permanentmagnet-polanordninger (14) koblet til rotoren (12),
hver af permanentmagnet-polanordningerne (14) omfattende en flerhed af
magnetiske blokke (16) og et indkapslingselement (20) som i alt vaesentligt
indkapsler de magnetiske blokke (16);

10 hvor indkapslingselementerne (20) henholdsvis omfatter et fgrste
indkapslingselement (30) og et andet indkapslingselement (32) som
straekker sig fra det fgrste indkapslingselement (30) hvor det fgrste
indkapslingselement (30) er en bakke som omfatter en base (34) og en
perifer flange (36) som straekker sig opad fra en udvendig omkreds af

15 basen (34), hvor de magnetiske blokke (16) er placerede pé basen (34)
sdledes at respektive bunde (24) deraf er orienterede i en i alt vaesentlig
mod hinanden vendende opstilling mod bakken (34), hvor bakken (34)
omfatter et ferromagnetisk plademateriale, og hvor det andet
indkapslingselement (32) omfatter et semitransparent forstaerket

20 plastmateriale.

2. Permanentmagnet-rotoranordning (10) ifglge krav 1, hvor det andet
indkapslingselement (32) er fremstillet fra mindst en af polyamid, polyurethan,
polyester, vinyl, nylon, polykarbonat, og epoxy.
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