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(54) Permanent magnet arrangement for an electrical machine

(57) A permanent magnet arrangement (10) for an
electrical machine comprises a support structure (12) for
carrying magnetic flux and a pole assembly (14) fixed to
the support structure (12). The pole assembly (14) com-
prises a magnet pole (18) comprising at least one piece
of permanent magnet material (20) and a magnet carrier
(16) on which the magnet pole (18) is mounted and which
provides a magnetic flux path between the magnet pole

(18) and the support structure (12). The permanent mag-
net arrangement (10) further comprises a sleeve (24)
containing the magnet pole (18) and at least part of the
magnet carrier (16). The magnet carrier (16) is secured
to the support structure (12) to fix the pole assembly (14)
to the support structure (12) and the sleeve (24) is
clamped to the support structure (12) by the magnet car-
rier (16). A method for assembling the permanent magnet
arrangement (10) is also described.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to a per-
manent magnet arrangement for an electrical machine.
Embodiments of the present invention are concerned in
particular with a permanent magnet arrangement in
which one or more pole assemblies are releasably fixed
to a support structure such as a rotor. The present inven-
tion also relates to a method for assembling a permanent
magnet arrangement for an electrical machine.

BACKGROUND ART

[0002] The use of high-energy-product permanent
magnets (also known as rare earth magnets) in electrical
machines is becoming more prevalent, especially in
large-diameter low-speed permanent magnet motors
and generators. Due to the high magnetic forces that are
produced by these magnets and the highly brittle nature
of the magnetic material and its susceptibility to corrosion
if not suitably protected, their installation to form perma-
nent magnet arrangements presents some difficulties.
[0003] A number of arrangements have been pro-
posed which facilitate the installation of permanent mag-
nets, and especially high-energy-product permanent
magnets, into electrical machines and which at the same
time provide protection for the brittle and corrodible per-
manent magnet material. GB 2438443, WO
2008/046780 and EP 1990811 all propose arrangements
in which one or more permanent magnets are mounted
on a magnet carrier. A cap or cover is fixed to the magnet
carrier by mechanical fixings, welding or by other suitable
means. The magnet carrier, with its permanent magnets
and integral cap or cover, is finally fixed to the rotor of
the electrical machine to form a permanent magnet rotor
arrangement.
[0004] A particular disadvantage of these arrange-
ments is that the cap or cover must be fixed to the magnet
carrier during assembly of the permanent magnet ar-
rangement. This is an unwelcome step which increases
the complexity of the assembly process. It would, there-
fore, be desirable to provide an improved permanent
magnet arrangement for an electrical machine which pro-
vides good mechanical and environmental protection for
the permanent magnets and which can be easily assem-
bled and installed.

SUMMARY OF THE INVENTION

[0005] According to a first aspect of the present inven-
tion, there is provided a permanent magnet arrangement
for an electrical machine, the permanent magnet ar-
rangement comprising:-

a support structure for carrying magnetic flux;
a pole assembly fixed to the support structure, the

pole assembly comprising:-

a magnet pole comprising at least one piece of
permanent magnet material; and
a magnet carrier on which the magnet pole is
mounted and which provides a magnetic flux
path between the magnet pole and the support
structure;

a sleeve containing the magnet pole and at least part
of the magnet carrier;
wherein the magnet carrier is secured to the support
structure to fix the pole assembly to the support struc-
ture, the sleeve being clamped to the support struc-
ture by the magnet carrier.

[0006] According to a second aspect of the present
invention, there is provided a method for assembling a
permanent magnet arrangement for an electrical ma-
chine, the method comprising:

mounting a magnet pole comprising at least one
piece of permanent magnet material on a magnet
carrier to provide a pole assembly;
inserting the pole assembly into a sleeve so that the
sleeve contains the magnet pole and at least part of
the magnet carrier;
securing the magnet carrier to a support structure to
fix the pole assembly to the support structure, the
magnet carrier providing a magnetic flux path be-
tween the magnet pole and the support structure;
wherein the sleeve is clamped to the support struc-
ture by the magnet carrier when the pole assembly
is fixed to the support structure.

[0007] The permanent magnet material from which the
magnet pole is formed is very brittle and prone to fracture
and corrosion. This is particularly the case when the per-
manent magnet material is high-energy-product or rare
earth magnet material. The sleeve provides both me-
chanical and environmental protection for the permanent
magnet material and contains the permanent magnet
material in the event that the material forming the magnet
pole fractures or disintegrates. It also protects the per-
manent magnet material from external contaminants,
thereby minimising the risk of corrosion.
[0008] The sleeve is not, however, fixed to the magnet
carrier and this significantly simplifies the assembly of
the permanent magnet arrangement by allowing straight-
forward insertion of one or more pole assemblies into the
sleeve, without the need to secure the sleeve to the mag-
net carrier. The sleeve is, however, held securely in place
by virtue of the fact that it is clamped against the support
structure by the magnet carrier when the magnet carrier
is secured to the support structure to fix the pole assem-
bly to the support structure.
[0009] The support structure is typically a moving com-
ponent of an electrical machine, and is preferably a rotor.
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The rotor may be a circumferentially extending rotor or
may alternatively be a linear rotor (i.e. a translator). One
embodiment of the invention thus provides an electrical
machine including a permanent magnet arrangement as
defined herein. The electrical machine may be a radial
flux permanent magnet electrical machine, an axial flux
permanent magnet electrical machine or a linear perma-
nent magnet electrical machine.
[0010] When the electrical machine is a radial flux per-
manent magnet electrical machine, the support structure
may be a cylindrical rotor. The cylindrical rotor may be
located inside a fixed radially outer cylindrical stator, out-
side a fixed radially inner cylindrical stator or between
fixed radially inner and radially outer cylindrical stators.
[0011] The sleeve may fully contain the magnet pole.
This maximises the mechanical and environmental pro-
tection provided by the sleeve. For example, the perma-
nent magnet arrangement may include closure means
at the ends of the sleeve to thereby provide full encap-
sulation of the magnet pole. The closure means may
comprise caps which are secured to the ends of the
sleeve, for example by welding, brazing, bonding, clip-
ping or using mechanical fixings. The closure means may
alternatively comprise sealing material.
[0012] The magnet carrier is preferably releasably se-
cured to the support structure to releasably fix the pole
assembly to the support structure. This facilitates remov-
al of the pole assembly from the support structure of the
permanent magnet arrangement. Such removal is desir-
able to permit repair or replacement of the pole assembly.
[0013] The permanent magnet arrangement prefera-
bly includes a mechanical fixing that cooperates with the
support structure and the magnet carrier to fix the pole
assembly to the support structure. The mechanical fixing
may be a permanent mechanical fixing, for example a
rivet. However, the mechanical fixing is preferably a re-
leasable mechanical fixing to permit the aforesaid releas-
able fixing of the pole assembly to the support structure.
The releasable mechanical fixing is conveniently a
threaded fastener but may alternatively be a clip or other
releasable fastener.
[0014] In some embodiments, the sleeve fully contains
the magnet carrier and may fully encapsulate it. In other
embodiments, part of the magnet carrier extends from
the sleeve. In these other embodiments, the part of the
magnet carrier that extends from the sleeve is typically
secured to the support structure to fix the pole assembly
to the support structure. A mechanical fixing may, for
example, cooperate with the part of the magnet carrier
that extends from the sleeve to fix the pole assembly to
the support structure.
[0015] Alternatively or in addition, a mechanical fixing
may extend through the sleeve to enable it to cooperate
with the magnet carrier and thereby fix the pole assembly
to the support structure. The sleeve may, for example,
include an opening through which the mechanical fixing
extends.
[0016] The magnet carrier may include an aperture

with which the mechanical fixing may cooperate to secure
the magnet carrier, and hence fix the pole assembly, to
the support structure. The aperture in the magnet carrier
may be aligned with the opening in the sleeve and with
an aperture in the support structure. This alignment is
necessary to properly accommodate the mechanical fix-
ing and to ensure that the mechanical fixing can extend
from the support structure, through the sleeve and into
the aperture in the magnet carrier.
[0017] The magnet pole is preferably secured to a sur-
face of the magnet carrier. The magnet pole may, for
example, be bonded to the surface of the magnet carrier.
The bonding may be provided by a suitable adhesive.
Other bonding techniques, such as electron beam weld-
ing or fusion bonding, may be employed. A mechanical
fixing could alternatively be employed to secure the mag-
net pole to the surface of the magnet carrier.
[0018] The sleeve may be formed from a material hav-
ing a thickness of 1mm or less. The permanent magnet
arrangement can thus be used in electrical machines in
which there is a small air gap between the support struc-
ture, typically a rotor, and the adjacent stator.
[0019] The permanent magnet arrangement may in-
clude filler material inside the sleeve. The filler material
fills any voids that may be present between the pole as-
sembly and the sleeve and may provide the magnet pole
with enhanced mechanical and environmental protec-
tion, in addition to the primary protection that is provided
by the sleeve. The filler material is preferably a non-hard-
ening elastomer. The filler material may be a non-metallic
filler material such as epoxy resin, polymers such as poly-
urethane and polyesters, and vacuum impregnated fi-
bres or felt.
[0020] The sleeve is preferably formed entirely from
non-magnetic material, such as non-magnetic stainless
steel, aluminium, copper or titanium. The sleeve may,
however, be formed entirely from magnetic material or
both magnetic and non-magnetic material. The magnet
carrier is preferably formed from magnetic material.
[0021] The sleeve may be made of an electrically in-
sulating material, such as glass-reinforced epoxy resin.
The sleeve may alternatively be made of an electrically
conductive material, such as stainless steel, aluminium,
copper or titanium.
[0022] In typical embodiments, the permanent magnet
arrangement comprises a plurality of the aforesaid pole
assemblies, each fixed to the support structure, and a
plurality of sleeves each containing the magnet pole and
at least part of the magnet carrier of a respective pole
assembly. When the sleeves of the pole assemblies are
made of an electrically conductive material, they may be
connected together at their ends to form a damper cage.
This may assist with the control of the electrical stability
of an electrical machine in which the permanent magnet
arrangement is installed.
[0023] The sleeve preferably includes at least one
open end to permit insertion of the pole assembly into
the sleeve and the assembly method may thus include
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closing the or each open end of the sleeve so that the
sleeve fully encapsulates the magnet pole, and possibly
also the magnet carrier.
[0024] Part of the magnet carrier may extend from the
sleeve following insertion of the pole assembly into the
sleeve. This may be the case even when one or both
open ends of the sleeve have been closed as aforesaid
so that the sleeve fully encapsulates the magnet pole. In
this case, the assembly method typically includes secur-
ing the part of the magnet carrier that extends from the
sleeve to the support structure to fix the pole assembly
to the support structure.
[0025] The assembly method may include securing the
magnet carrier to the support structure using a mechan-
ical fixing. The assembly method may include passing
the mechanical fixing through an opening in the sleeve
to enable the mechanical fixing to cooperate with the
magnet carrier and thereby fix the pole assembly to the
support structure.
[0026] The assembly method may include introducing
the aforesaid filler material into the sleeve after inserting
the pole assembly into the sleeve, typically before secur-
ing the magnet carrier to the support structure to fix the
pole assembly to the support structure.

DRAWINGS

[0027]

Figures 1 is a diagrammatic cross-sectional view
from one end of a first embodiment of a permanent
magnet arrangement according to the invention;
Figure 2 is a diagrammatic cross-sectional view from
one side of the first embodiment of the permanent
magnet arrangement illustrated in Figure 1;
Figure 3 is a diagrammatic cross-sectional view from
one side of a second embodiment of a permanent
magnet arrangement according to the invention; and
Figure 4 is a diagrammatic cross-sectional view from
one side of a third embodiment of a permanent mag-
net arrangement according to the invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION

[0028] Embodiments of the present invention will now
be described by way of example only and with reference
to the accompanying drawings.
[0029] Referring initially to Figures 1 and 2, a first em-
bodiment of a permanent magnet arrangement 10 for an
electrical machine comprises a support structure 12 in-
cluding a plurality of apertures 13 and a pole assembly
14 fixed to the support structure 12. The support structure
12 is capable of carrying magnetic flux and is typically
the rotor of an electrical machine. The rotor may be a
cylindrical rotor of a radial flux machine, a disc rotor of
an axial flux machine or a linear rotor (i.e. a translator)
of a linear machine.

[0030] The pole assembly 14 comprises a generally
elongate magnet carrier 16 made of magnetic material,
such as steel, and a magnet pole 18 comprising one or
more pieces of permanent magnet material 20. The mag-
net pole 18 is bonded to a surface 22 of the magnet carrier
16 but, as indicated above, the magnet pole 18 may be
secured to the surface 22 of the magnet carrier 16 by
any suitable means.
[0031] The permanent magnet arrangement 10 com-
prises a protective sleeve 24 into which the pole assem-
bly 14 is inserted via an initially open end of the protective
sleeve 24. In the embodiment of Figures 1 and 2, the
entirety of the pole assembly, comprising both the mag-
net carrier 16 and magnet pole 18, is fully contained within
the length of the protective sleeve 24. Closure means in
the form of end caps 26 are secured to the ends of the
protective sleeve 24 after insertion of the pole assembly
14. The protective sleeve 24 and the end caps 26 thus
fully encapsulate both the magnet carrier 16 and the mag-
net pole 18.
[0032] In some circumstances, voids may be present
between the pole assembly 14 and the protective sleeve
24 after the pole assembly 14 has been inserted into the
protective sleeve 24. If necessary, suitable filler material
(not shown) can be introduced into the protective sleeve
24 to fill those voids. If end caps 26 or other suitable
closure means are used to close the ends of the protec-
tive sleeve 24, the filler is normally introduced into the
protective sleeve 24 before one or both ends have been
closed.
[0033] The pole assembly 14 is secured to the support
structure 12 by a plurality of mechanical fixings 28. In the
embodiment of Figures 1 and 2, each mechanical fixing
28 extends through the apertures 13 in the support struc-
ture 12 and through apertures 32 in the protective sleeve
24, and cooperates with the magnet carrier 16 to secure
the magnet carrier 16, and hence the pole assembly 14,
to the support structure 12. The mechanical fixings 28
are typically releasable mechanical fixings to enable the
magnet carrier 16, and hence the pole assembly 14, to
be releasably fixed to the support structure 12. However,
permanent mechanical fixings may be used.
[0034] When the magnet carrier 16, and hence the pole
assembly 14, is secured to the support structure 12, part
of the protective sleeve 24 is clamped against the support
structure 12 by the magnet carrier 16. The protective
sleeve 24 is securely retained in the desired position
around the pole assembly 14 by virtue of this clamping
action. As discussed above, the need to fix the protective
sleeve 24 to the magnet carrier 16, or indeed to the sup-
port structure 12, is thus completely eliminated.
[0035] In typical permanent magnet arrangements, a
plurality of pole assemblies 14, each comprising a mag-
net carrier 16 and a magnet pole 18, and associated pro-
tective sleeves 24 containing the pole assemblies 14 are
fixed adjacent to each other on the support structure 12
by securing the magnet carrier 16 of each pole assembly
14 to the support structure 12.
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[0036] Figure 3 illustrates a second embodiment of a
permanent magnet arrangement 110 which is similar to
the permanent magnet arrangement illustrated in Figures
1 and 2 and in which corresponding features are desig-
nated using corresponding reference numerals.
[0037] In the permanent magnet arrangement 110, the
pole assembly 14 comprises a plurality of pieces of per-
manent magnet material 20 secured to the surface 22 of
the magnet carrier 16. The individual pieces of perma-
nent magnet material 20 are spaced apart to define open-
ings 34 for receiving the mechanical fixings 28. The me-
chanical fixings 28 extend though apertures 36, 32 in
both the magnet carrier 16 and the protective sleeve 24
to enable the mechanical fixings 28 to engage the support
structure 12. The mechanical fixings 28 thus cooperate
with both the magnet carrier 16 and the support structure
12 so that they fix the magnet carrier 16, and hence the
pole assembly 14, to the support structure 12. The pro-
tective sleeve 24 is again clamped to the support struc-
ture 12 by the magnet carrier 16 to secure it firmly in
position.
[0038] In order to ensure that the protective sleeve 24
adequately protects the pieces of permanent magnet ma-
terial 20 forming the magnet pole 18, a plug 38 or similar
sealing means may be provided in each opening 34. The
plug 38 or similar sealing means might be removable,
and this would certainly be the case when releasable
mechanical fixings 28 are used to releasably secure the
magnet carrier 16, and hence the pole assembly 14, to
the support structure 12.
[0039] In a modification to this second embodiment,
the magnet pole 18 could comprise a single piece of per-
manent magnet material 20 and openings 34 could be
provided through the permanent magnet material 20, for
example by drilling.
[0040] Figure 4 illustrates a third embodiment of a per-
manent magnet arrangement 210 which is generally sim-
ilar to the permanent magnet arrangement illustrated in
Figures 1 and 2 and in which corresponding features are
designated using corresponding reference numerals.
[0041] In the permanent magnet arrangement 210, the
magnet pole 18 is fully contained within the protective
sleeve 24 to provide it with the necessary mechanical
and environmental protection. However, the ends of the
magnet carrier 16 extend from the ends of the protective
sleeve 24 and are, thus, exposed. It is those exposed
ends of the magnet carrier 16 that are secured to the
support structure 12 by the mechanical fixings 28.
[0042] In this particular embodiment, the use of end
caps 26 to close the ends of the protective sleeve 24 may
be inappropriate. Closure means in the form of sealant
material 40 may instead be used to close the ends of the
protective sleeve 24 to maximise the mechanical and en-
vironmental protection provided to the magnet pole 18.
[0043] Although embodiments of the invention have
been described in the preceding paragraphs, it should
be understood that various modifications may be made
to those embodiments without departing from the scope

of the present invention, as claimed.

Claims

1. A permanent magnet arrangement (10, 110, 210) for
an electrical machine, the permanent magnet ar-
rangement comprising:-
a support structure (12) for carrying magnetic flux;
a pole assembly (14) fixed to the support structure
(12), the pole assembly (14) comprising:-
a magnet pole (18) comprising at least one piece of
permanent magnet material (20); and
a magnet carrier (16) on which the magnet pole (18)
is mounted and which provides a magnetic flux path
between the magnet pole (18) and the support struc-
ture (12);
a sleeve (24) containing the magnet pole (18) and
at least part of the magnet carrier (16);
wherein the magnet carrier (16) is secured to the
support structure (12) to fix the pole assembly (14)
to the support structure (12), the sleeve (24) being
clamped to the support structure (12) by the magnet
carrier (16).

2. A permanent magnet arrangement according to
claim 1, wherein the sleeve (24) fully contains the
magnet pole. (18)

3. A permanent magnet arrangement according to
claim 1 or claim 2, wherein the sleeve (24) fully con-
tains the magnet carrier (16).

4. A permanent magnet arrangement according to
claim 1 or claim 2, wherein part of the magnet carrier
(16) extends from the sleeve (24).

5. A permanent magnet arrangement according to
claim 4, wherein the part of the magnet carrier (16)
that extends from the sleeve (24) is secured to the
support structure (12) to fix the pole assembly (14)
to the support structure (12).

6. A permanent magnet arrangement according to any
preceding claim, wherein the permanent magnet ar-
rangement includes a mechanical fixing (28) that co-
operates with the support structure (12) and the mag-
net carrier (16) to fix the pole assembly (14) to the
support structure (12).

7. A permanent magnet arrangement according to
claim 6 when dependent on claim 5, wherein the me-
chanical fixing (28) cooperates with the part of the
magnet carrier (16) that extends from the sleeve (24)
to fix the pole assembly (14) to the support structure
(12).

8. A permanent magnet arrangement according to
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claim 6 or claim 7, wherein the mechanical fixing (28)
extends through the sleeve (24) to enable it to co-
operate with the magnet carrier (16) and thereby fix
the pole assembly (14) to the support structure (12).

9. A permanent magnet arrangement according to any
preceding claim, wherein the magnet carrier (16) is
releasably secured to the support structure (12) to
releasably fix the pole assembly (14) to the support
structure (12).

10. A permanent magnet arrangement according to any
preceding claim, further including closure means
(26, 40) for closing the ends of the sleeve (24).

11. A method for assembling a permanent magnet ar-
rangement (10, 110, 210) for an electrical machine,
the method comprising:

mounting a magnet pole (18) comprising at least
one piece of permanent magnet material (20)
on a magnet carrier (16) to provide a pole as-
sembly (14);
inserting the pole assembly (14) into a sleeve
(24) so that the sleeve (24) contains the magnet
pole (18) and at least part of the magnet carrier
(16);
securing the magnet carrier (16) to a support
structure (12) to fix the pole assembly (14) to
the support structure (12), the magnet carrier
(16) providing a magnetic flux path between the
magnet pole (18) and the support structure (12);
wherein the sleeve (24) is clamped to the sup-
port structure (12) by the magnet carrier (16)
when the pole assembly (14) is fixed to the sup-
port structure (12).

12. A method according to claim 11, wherein the sleeve
(24) includes at least one open end to permit inser-
tion of the pole assembly (14) into the sleeve (24)
and the method includes closing the or each open
end of the sleeve (24) so that the sleeve (24) fully
encapsulates the magnet pole (18).

13. A method according to claim 11, wherein part of the
magnet carrier (16) extends from the sleeve (24) fol-
lowing insertion of the pole assembly (14) into the
sleeve (24) and the method includes securing the
part of the magnet carrier (16) that extends from the
sleeve (24) to the support structure (12) to fix the
pole assembly (14) to the support structure (12).

14. A method according to any of claims 11 to 13, where-
in the method includes securing the magnet carrier
(16) to the support structure (12) using a mechanical
fixing (28).

15. A method according to claim 14, wherein the method

includes passing the mechanical fixing (28) through
an opening (32) in the sleeve to enable the mechan-
ical fixing (28) to cooperate with the magnet carrier
(16) and thereby fix the pole assembly (14) to the
support structure (12).

16. A method according to any of claims 11 to 15, where-
in the method includes introducing a filler material
into the sleeve (24) after inserting the pole assembly
(14) into the sleeve (24).
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