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(57) Abstract: A rotor disc
assembly (10) for an AC machine
includes a rotor disc (20), permanent
magnets (30) and a spider (40). The
rotor disc (10) has a circumferential
lip (22) projecting from a surface
thereof. The permanent magnets
(30) are positioned in a circular
array on the surface of the rotor disc
(20), with constant angular pitch,
and so as to lie against the lip (22).
The spider includes an annular base
portion (41), with a plurality of arms
(42) projecting radially outwards
therefrom. The spider (40) is fixed
to the surface of the rotor disc (20)
such that each arm (42) is between
and abuts a respective juxtaposed
pair of the permanent magnets (30).
The arms (42) and the members (30)
are each provided with cooperating
wedge-shaped cross sections such
that each arm (42) constrains the
respective two permanent magnets
(30) both axially and tangentially
on the surface of the rotor disc (20).
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"A Method of Fixing Unmagnetised Magnetisable Members to a Rotor

Disc and a Rotor Disc"

This invention is concerned with locating and constraining magnetisable
members on components of electrical machines. More particularly it is
concerned with locating and constraining such members on the rotors of such

machines.

The use of rare-earth permanent magnets to provide the excitation field in
alternating current (AC) machines is known. However, the handling and
mounting of members of rare-earth material is not straightforward. Such
membefs are brittle and are therefore easily damaged. Consequently, it is
difficult to mount the members onto a rotor or a stator of an AC machine in
such a way that they can withstand the large forces exerted on them during

operation, without sustaining damage.

US-A-6037696 discloses a rotor for use in an electrical machine wherein
magnetised members are mounted on a surface of a disc-shaped central sheet.
The rotor disc of US-A-6037696 includes a braced hub in the form of a spider
that is for restraining the central sheet and promoting rotor rigidity. The

magnetised members are constrained axially and tangentially on the central
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sheet by being bonded face-to-face with the surface thereof. The magnetised
members are constrained radially on the central sheet by the provision of a
circumferential lip that is formed integrally with the central sheet. Further
radial constraint is provided by bonding a radially innermost edge of each

magnetised member to the braced hub.

It is an object of this invention to provide an improved method of fixing
unmagnetised magnetisable members to a rotor disc, and to provide an

improved rotor disc.

According to an aspect of this invention there is provided a method of fixing
unmagnetised magnetisable members to a rotor disc for an alternating current

machine, comprising the steps of:

a) substantially arranging the magnetisable members in a circular array on a
surface of the disc and such that each magnetisable member abuts peripheral

structure of the disc; and

b) fixing fixing means to the rotor disc, the fixing means being arranged such
that, when so fixed, it abuts each of the magnetisable members and thereby

constrains each magnetisable member tangentially and axially during operation

PCT/GB02/00092
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of the machine.

Thus, it follows that the fixing means provides positive mechanical fixing of

the magnetisable members axially and tangentially to the rotor disc.

Step (b) may be preceded by the step of presenting the fixing means to the
surface of the disc, the fixing means preferably being a unitary member
arranged to abut each magnetisable member simultaneously in being so
presented and thereby to locate each magnetisable member in a respective

desired location on the rotor disc.

According to another aspect of this invention there is provided a rotor disc
assembly for an alternating current machine, the assembly comprising a rotor
disc with peripheral structure projecting from a surface of the disc, a plurality
of magnetisable members, and fixing means, wherein the members are
positioned on the surface in a circular array and adjacent the peripheral
structure such that during operation of the machine the members are radially
constrained thereby, and the fixing means is attached to the disc, wherein the
fixing means is arranged to abut each of the members so as to constrain them

axially and tangentially during operation of the machine.

PCT/GB02/00092
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Preferably, the fixing means and the magnetisable members have mutually

abutting surfaces that are substantially oblique to the surface of the disc.

The fixing means may include a spider with a plurality of arms projecting
radially from a centre of the spider. Preferably the spider is attached to the disc
such that each member is separated from a neighbouring member by an arm of
the spider, each member being in abutment with two arms. The spider may be

plastic, and preferably it is nylon.

Each arm of the spider may include at least one surface that is substantially
oblique to the plane of the spider containing the arms, the substantially oblique
surface being for abutting a corresponding surface of at least one respective

magnetisable member to thereby locate and constrain that member.

Preferably, the arms of the spider have a first substantially trapeziform cross
section, a shorter of the two parallel sides of this first trapezium being for
placing adjacent the surface of the disc; and the magnetisable members
preferably each have a second substantially trapeziform cross section, a longer
of the two parallel sides of this second trapezium being for placing adjacent the

surface of the disc.
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Preferably, the perpendicular distance between the two parallel sides of the first
trapezium is less than the perpendicular distance between the two parallel sides
of the second trapezium, such that each member projects further from the

surface of the disc than does each arm of the spider.

The spider may include location means between each pair of arms such that
presenting the spider to the disc locates the magnetisable members adjacent the
peripheral structure of the disc. Preferably the location means is a sprung

member integral with the spider.

The peripheral structure of the disc may be a continuous circumferential lip.

The lip may be integrally formed with the disc.

A rotor disc assembly in which the invention is embodied for use in an AC

machine is now described by way of example only and with reference to the

accompanying drawings, of which:

Figure 1 is a plan view of the rotor disc assembly;

Figure 2 is a sectional view of a portion of the rotor disc assembly, the section

being at line II-II of Figure 1; and
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Figure 3 is a sectional view of another rotor disc assembly similar to that of
Figure 1, the section being along a line of the other rotor disc assembly

equivalent to line III-III of Figure 1.

Figure 1 shows a rotor disc assembly 10. The assembly 10 includes a rotor disc
20, a plurality of members of magnetisable material 30 and a spider 40. The
rotor disc 20 is a generally flat circular member that is fabricated from a
ferrous material, such as cast iron or steel. The rotor disc 20 includes a
circumferentially continuous integral lip 22 that is formed so as to project from
the periphery of a surface of the disc 20 in a direction perpendicular to the
surface. At its centre, the rotor disc 20 is mounted on a rotary member (not

shown) in a conventional manner.

The magnetisable members 30 are of a rare-earth material such as Neodymium-
Iron-Boron (NeFeB). The preferred number of members is 16. However, it is
envisaged that any type of magnetisable member may be suitable and that
almost any even number of such members may be used. For the sake of clarity,
however, Figure 1 shows a rotor plate assembly 10 with only ten members 30.
The members 30 are thin plates that are first formed so as to have a
trapeziform planform, ie a quadrilateral with two parallel sides, the parallel

sides being of different lengths and separated from ‘one another by two sides of
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equal length that are oblique to the parallel sides. The longer of the two
parallel sides of each trapezium is further shaped, preferably by wire erosion,
into an arc of diameter equal to an inside diameter of the circumferential lip
22. Each member 30 is positioned on the surface of the rotor disc 20 with its
arcuate side abutting the circumferential lip 22 and spaced from its two
-neighbouring members 30 such that, collectively, the members 30 are

circumferentially distributed with a substantially constant angular pitch.

The spider 40 is formed from a resiliently deformable material such as nylon.
The spider 40 comprises an inner annulus 41 and a plurality of arms 42 that
project radially outwards from the annulus 41. The arms 42 are distributed
around the circumference of the annulus 41 with a substantially constant
angular pitch. The number of arms 42 is equal to the number of members 30
and so in this preferred embodiment there are 16 arms 42. For the reason given
above, however, Figure 1 shows a spider 40 with ten arms 42. Each arm 42
includes a respective hole (not shown) formed in it. The bore of the hole in
each arm is coaxial with a respective hole (not shown) that is formed in the
rotor disc 20. In this preferred embodiment, a respective rivet 44 is provided
through the hole in each arm 42 of the spider 40 and each respective hole in
the rotor disc 20 to fix the spider 40 to the surface of the rotor disc 20.

However, it is envisaged that many different ways of fixing the spider 40 to the
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surface of the rotor disc 20 may be used, for example nuts and bolts may be

used.

Figure 2 shows parts of the rotor disc 20 , the members 30 and the spider 40 in
more detail. Each member 30 is trapeziform in cross-section (i.e. a quadrilateral
with two parallel sides), the parallel sides being of different lengths and
separated from one another by two sides of equal length that are oblique to the
parallel sides. The general shape of the cross-section of each member 30 is,
therefore, wedge-like. Each arm 42 is also trapeziform in cross-section, the
parallel sides being of different lengths and separated from one another by two
sides of equal length that are oblique to the parallel sides. Again, the general
shape of the cross-section of each arm 42 is wedge-like. Each member 30 has
the longer parallel side 35 adjacent the surface of the rotor disc 20. Each arm
42 has the shorter parallel side 45 adjacent the surface of the rotor disc 20
when the spider 40 is attached thereto. The perpendicular distance between the
parallel sides of each member 30 is greater than that for each arm 42 so that
each member 30 protrudes further from the surface of the rotor disc 20 than
does each arm 42. Each member 30 is sandwiched by a respective pair of arms
42. Both oblique sides of each member 30 are abutted by a respective oblique
side of each of the respective pair of arms 42 that sandwich it. The relative

dimensions of the trapeziform cross-section of the members 30 to the
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. trapeziform cross-section of the arms 42 are such that there is interference

between each member 30 and the respective pair of arms 42 that sandwich it.
In other words, the arms 42 of the spider 40 act as wedges between the
members 30. Consequently, the members 30 are firmly held in place by the

spider 40.

The rotor disc assembly 10 is assembled in' three stages. Firstly, the rotor disc
20 is supported such that the plane of the disc 20 is generally horizontal and

the aforementioned surface of the disc 20 is facing uvpwards.

Secondly, the members 30, which are unmagnetised, are placed on the surface
of the rotor disc 20. Each member 30 is orientated with the longer parallel side
35 of its trapeziform cross-section adjacent the surface of the rotor disc 20 and
positioned with the arcuate side of its planform adjacent the circumferential lip
20. Furthermore, each member 30 is spaced from its two neighbouring
members 30 such that, collectively, the members 30 are circumferentially
distributed with approximately constant angular pitch and such that each
member 30 lies approximately mid-way between two of the holes in the rotor

\

disc 20.

The third step is to mount the spider 40 onto the rotor disc 20. The spider 40 is
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orientated with the shorter parallel side 45 of its trapeziform cross-section
adjacent the surface of the rotor disc 20 and aligned such that the holes in the
arms 42 line up with the holes in the rotor disc 20. The spider 40 is then
presented to the surface of the disc 20 and the members 30 thereon and
attached to the rotor disc 20 by riveting, a respective rivet 44 passing through
the hole in each arm of the spider 40 and the respective hole in the rotor disc
20 that lines up with that hole. Due to the respective cross-sections of the arms
42 and of the members 30 that were described previously with reference to
figure 2, the arms 42 guide the members 30 from their initial approximate
position to the desired position on the surface of the rotor disc 10. In the
second stage of the assembly procedure, it is therefore only necessary to

approximately position the members 30 on the rotor disc 20.

With the members 30 fixed in position as described above, each member 30 is
then magnetised by placing magnetising means (not shown) adjacent the
members 30 and operating the magnetising means. Suitable magnetising means

would be that described in International application No. PCT/GB01/05052.

In operation, the members 30 are held in the desired position on the surface of
the rotor plate 20 by the spider 40 and the circumferential lip 22. The oblique

sides of the trapeziform cross section of the arms 42 of the spider 40 prevent

PCT/GB02/00092
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axial and tangential movement of the members 30 and the circumferential lip

22 prevents radial movement of the members 30 relative to the disc 20.

Although not a feature of the preferred embodiment, it is nevertheless
envisaged that additional structure, for example a spring 43 as shown in Figure
3, may be provided between each pair of arms 42 of the spider 40. Each spring
43 is a cantilevered flap, a first end of which is integrally joined to the annulus
41 of the spider 40. Each spring 43 is oblique to the plane of the spider 40
such that, in mounting the spider 40 onto the rotor disc 20, each spring 43
urges a respective one of the members 30 against the lip 22. As each spring 43
is integral with the spider 40, it is therefore of the same resiliently deformable
material. Thus, it is unnecessary to provide springs 43 of exact dimensions:
each spring 43 merely needs to be long enough to exert a force on the
respective member 30 such that the member is pushed against the lip 22. Any
excess length of the springs 43 will be taken up by deformation of the or each

spring 43 that is too long.
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Claims

1. A method of fixing unmagnetised magnetisable members to a rotor disc for

an alternating current machine, comprising the steps of:

a) substantially arranging the magnetisable members in a circular array on a
surface of the disc and such that each magnetisable member abuts peripheral

structure of the disc; and

b) fixing fixing means to the rotor disc, the fixing means being arranged such
that, when so fixed, it abuts each of the magnetisable members and thereby
constrains each magnetisable member tangentially and axially during operation

of the machine.

2. A method according to claim 1 wherein step (b) is preceded by the step of
presenting the fixing means to the surface of the disc, the fixing means being a
unitary member arranged to abut each magnetisable member simultaneously in
being so presented and thereby to locate each magnetisable member in a

respective desired location on the rotor disc.

3. A method according to claim 1 or claim 2 wherein the fixing means includes
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a spider with a plurality of arms projecting radially outwards from a centre of
the spider, each arm being for placing between and abutting a respective

juxtaposed pair of the magnetisable members.

4. A method according to claim 3 wherein each arm includes at least one
surface that is substantially oblique to the plane of the spider containing the
arms, the substantially oblique surface being for abutting a corresponding
surface of at least one respective magnetisable member to thereby locate and

constrain that member.

5. A method according to claim 3 or claim 4 wherein the arms of the spider
have a first substantially trapeziform cross section, a shorter of the two parallel
sides of this first trapezium being for placing adjacent the surface of the disc;
and the magnetisable members each have a second substantially trapeziform
cross section, a longer of the two parallel sides of this second trapezium being

for placing adjacent the surface of the disc.

6. A method according to any one of claims 3 to 5 wherein the spider includes
location means between each pair of arms such that presenting the spider to the
disc locates the magnetisable members adjacent the peripheral structure of -the

disc.

PCT/GB02/00092
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7. A method according to claim 6 wherein the location means is resiliently

deformable structure integral with the spider.

8. A method according to any one of the preceding claims wherein the

peripheral structure of the disc is a continuous circumferential lip.

9. A rotor disc assembly for an alternating current machine, the assembly
comprising: a rotor disc with peripheral structure projecting from a surface of
the disc; a plurality of magnetisable members; and fixing means, wherein the
members are positioned on the surface in a circular array and adjacent the
peripheral structure such that during operation of the machine the members are
radially constrained thereby, and the fixing means is attached to the disc,
characterised by the fixing means being arranged to abut each of the members
so as to constrain them axially and tangentially during operation of the

machine.
10. A rotor disc assembly according to claim 9 wherein, the fixing means and
the magnetisable members have mutually abutting surfaces that are

substantially oblique to the surface of the disc.

11. A rotor disc assembly according to claim 10 wherein the fixing means is a
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spider with a plurality of arms projecting radially from a centre of the spider.

12. A rotor disc assembly according to claim 11 wherein, the spider is attached
to the disc such that each member is separated from a neighbouring member by
an arm of the spider and each member is in abutment with two arms of the

spider.

13. A rotor disc assembly according to claim 10 or claim 11 wherein the arms
of the spider have a first substantially trapeziform cross section, a shorter of
the two parallel sides of this first trapezium being adjacent the surface of the
disc; and the members have a second substantially trapeziform cross section, a
longer of the two parallel sides of this second trapezium being adjacent the

surface of the disc.

14. A rotor disc assembly according to claim 14 wherein the perpendicular
distance between the two parallel sides of the first trapezium is less than the
perpendicular distance between the two parallel sides of the second trapezium,
such that each member projects further from the surface of the disc than does

each arm of the spider.

15. A rotor disc assembly according to any one of claims 11 to 14 wherein the
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spider includes location means between each pair of arms such that attaching

the spider to the disc locates the members adjacent the circumferential wall.

16. A rotor disc assembly according to claim 15 wherein the location means is

resiliently deformable structure integral with the spider.

17. A rotor disc according to any one of claims 9 to 16 wherein the peripheral

structure of the disc is a continuous circumferential lip.
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