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(54) ANNULAR MAGNET ASSEMBLY

(7)) I, Snoxicur KuMAKURA, a Citizen
of Japan of 5-3 Funabori 2-chome,
Edogawa-Ku, Tokyo, Japan, do hereby
declare the invention for which I pray that
a Patent may be granted to me and the
method by which it is to be performed,
to be particularly described in and by the
following statement:—

The invention relates to a dynamoelectric
machine including permanent magnets
which produce a magnetic field. More par-
ticularly, it relates to an annular assembly
of a plurality of arcuate permanent magpets
disposed in juxtaposition which may be
used in such a machine.

Ceramic permanent magnets such as
those formed of ferrite can be utilized in
a dynamoelectric machine. It is recognized
that a ceramic magnet can be magnetized
in a radial direction and has pole faces on
itself. A high reluctance is presented along
a path extending parallel to the pole faces,
so that a need can advantageously be
avoided for the provision of angularly spaced
pole shoes or pole pieces which are required
when ordinary Alnico magnets are used.
Because of the difficulty to form a single
ring of ceramic magnet which is radially
magnetized, it is necessary to utilize a
plurality of arcuate ceramic magnets dis-
posed in an annular array in applications
such as a dynamoelectric machine.

U.S. Patent No. 3,663,850 issued to R. E.
Phelon on May 16, 1972 disclsoses the use
of an annular array of arcuate magnets in
a dynamoelectric machine. In this instance,
permanent magnets are initially arranged
along the inside of a circular shipping band
with a spacing between the ends of adjacent
magnets into which elastic spacers or spring
members are placed. These members act
to exert a compressive pressure against the
adjacent ends of the magnets, which are
thus tightly held against the circular band
to achieve a self-sustaining preassembly.

The preassembly thus formed is applied
against an annular internal surface of the
machine which is of an equal diameter as
the band, and the band removed, leaving
the annular array of magnets held tightly
against the machine surface.

The described arrangement requires the
consecutive insertion of spacers or springs
into the space between successive pairs of
adjacent magnets, and it will be appreciated
that the last one to be inserted must be
placed by temporarily overcoming the
pressures applied by oppositely located
magnets and which are exerted by the re-
maining springs already held in place. To
assure a positive self-sustaining effect, the
spacers or springs must be of a relatively
large size and must be of a material pro-
viding durability over a prolonged period.
Hence, an increased spacing s required
between the magnets, precluding the use of
an array of increased number of closely
spaced magnets. Since the described arrange-
ment is adapted to be supported against its
surrounding surface, the array cannot be
mounted on a rotor or stator which is located
inwardly thereof.

It is an object of the invention to provide
an annular assembly of a plurality of arcuate
permanent magnets which is simple in con-
struction and easy to manufacture while
permitting the magnets to be closely juxto-
posed.

It is another object of the invention to
provide an annular assembly of a plurality
of arcuate permanent magnets which has
an increased rigidity and which can be
applied to either the external surface of a
rotor or the internal surface of a stator.

In accordance with the invention, there
is provided an annular magnet assembly
adapted to be mounted on an annular or
cylindrical surface of a dynamoelectric
machine for producing a magnetic field
therein, comprising a plurality of arcuate
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permanent magnets disposed in an end to
end abutment to form an annular array,
each of the permanent magnets having a
first and a second major surface the first
surface being in engagement with the
annular or cylindrical surface of the
machine when the magnet assembly is
mounted in the machine both ends of each
permanent magnet being formed with a
recess in the second major surface at the
respective abutment of the permanent mag-
nets and a frame member of a non-magnetic
material for rigidly connecting the magnets
together the frame member including a pair
of annular portions which tightly engage
the opposite sides of the annular array and
ledge portions extending through the
recesses to connect the pair of annular por-
tions together.

In a preferred embodiment of the inven-
tion the frame member is formed by casting
a resin into a mold in which the magnets
are properly positioned. The ends of the
magnets may be tapered by grinding to
form the recesses. The annular array of
permanent magnets is radially aligned with
the pair of annular portions of the frame
member. Each of the permanent magnets
is formed of a ceramic material and a
plurality of pole faces are directly formed
in the second surface, each pole face includ-
ing a magnetic pole which is radially
magnetized.

The annular magnet assembly of the
invention can be modified in a variety of
ways depending on the concentric relation-
ship between the rotor and the stator of
the dynamoeclectric machine to which it is
applied. Generally, the assembly can be
applied to various types of dynamoelectric
machines. Additional recesses similar to
those formed in the second major surface
may also be formed in the first major sur-
face between the adjacent magnets for
passing additional ledge portions of the
frame member. The individual magnets of
the assembly are radially retained at their
ends in a rigid manner by these ledge por-
tions, and are engaged by the pair of annular
portions of the frame member at their oppo-
site sides. Instead of providing the addi-
tional ledge portions, the first surface of the
magnets may be coated with a circular band
of a magnetizable material, which serves as

5 a magnetic path between adjacent magnetic

poles located. in the first major surface,
preventing a flux leakage from the magnetic
poles to the mounting surface of the

- machine, which therefore may be formed
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of a non-magnetic material.

In the annular magnet assembly of the
invention, the permanent magnets are dis-
posed in end-to-end relationship with a
small recess therebetween, so that the spac-
ing between the two adjacent magnets can

be minimized, with consequence that the
number of magnetic poles formed can be
increased to assure a high efficiency of the
machine even at a low number of
revolutions.

The invention will now be described, by
way of example, with reference to the
accompanying drawings, in which:

Fig. 1 is a longitudinal section of a
bicycle generator having a rotor on which
the annular magnet assembly of the inven-
tion is mounted;

Fig. 2 is a fragmentary section of a similar
bicycle generator but having the annular
magnet assembly mounted on the stator
thereof;

Fig. 3 is a perspective view of the
assembly shown in Fig. 1 or Fig. 2;

Fig. 4 is a fragmentary cross section taken
along the line 4-4 shown in Fig. 3;

Figs. 5 and 6 are fragmentary cross sec-
tions similar to Fig. 4, but illustrating other
forms of the assembly which can be used
in the generator of Fig. 1; and

Fig. 7 is a fragmentary cross section of
a further form of the assembly which can
be used in the generator of Fig. 2.

Referring to Fig. 1, there is shown a
bicycle generator 1 incorporating an annular
assembly 2 of arcuate magnets which is
constructed in accordance with the inven-
tion. A hub wheel of the bicycle is shown
at 3 and includes a rim 4, to the annular
inner surface of which the assembly 2 is
secured as by adhesive bonding. The
generator 1 includes a stator 5 which is
concentrically disposed within the assembly
2 with a small clearance therebetween.

A hub of the bicycle is shown at 6 and
is formed with a mounting flange on which
the hub wheel 3 is firmly mounted. The
hub 6 is rotatably mounted on an axle 9
by means of a pair of ball bearings 10, 11.
The axle 9 is mounted in a frame 8 in a
manner known in the art. At its one end,
the hub 6 is provided with a flange 14
having openings 13 formed therein, to
which one set of spokes 12 are anchored.
The other set of spokes 15 are anchored to
openings 16 formed in a small flange 17
extending from the end of the rim 4.

. The stator 5 is secured, as by adhesive
bonding, to the outer surface of an annular
rim 21 of a stationary drum 20 which may
be formed of a non-magnetic material such
as aluminium. The drum 20 is held fixedly
between a stationary race 18 of the bearing
10 and a clamping nut 19, both of which
threadably engage the axle 9. The construc-
tion of the stator 5 is conventional. Briefly,
it comprises a pair of complementary core
members 22, 23 which form together a
hollow annular core and which are formed

on ‘its outer periphery with a plurality of

interdigitated comb-like pole pieces, and
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coil assembly 25 including a bobbin 24
which is fitted into the hollow space defined
by the core members 22, 23. It is under-
stood that the winding of the coil assembly
25 is in concentric relationship with the
core. The pole pieces on the core members
22, 23 are closely spaced from the inner
surface of the annular magnet assembly 2.

Referring to Fig. 3, the annular magnet
assembly according to the invention com-
prises an annular array of arcuate per-
manent magnets 29 disposed in end-to-end
abutment, with recesses 34, 35 of a triangular
cross section being formed in both the outer
and the inner surface of the array between
adjacent magnets, and a frame member 41
for rigidly retaining the annular array. The
frame member 41 includes a pair of annular
portions 30, 31 which tightly engage the
opposite sides of the annular array, and
ledge portions 32, 33 which extend through
the individual recesses 34, 35, respectively,
to connect the pair of annular portions 30,
31 together. Each permanent magnet 29
comprises a ceramic material which is
molded in a magnetic field in a known
manner so as to be magnetized in the radial
direction of the array. On its outer and
inner surfaces, the annular array is formed
with a plurality of alternate N- and S-
poles. The opposite end of the individual
magnets 29 are ground to a tapered form
to define the recesses. The frame member 41
is formed by casting a resin into a mold
in which the annular array of magnets 29 is
properly positioned. The pair of annular
portions 30, 31 may have a radial dimen-
sion which is equal to that of the array.
Though the ledge portions 32, 33 are shown
as separate elements in the example shown,
they may be integrally molded by providing
a small clearance between the ends of
adjacent magnets.

In the generator 1 shown in Fig. 1, the
annular magnet assembly 2 rotates together
with the hub wheel 3, and a voltage is
induced across the coil assembly 25 on the
stator 5 under the influence of the magnetic
field produced by the magnets 29. In view
of the fact that the hub wheel 3 rotates at
a number of revolutions on the order of
120 rpm, it is desirable that the generator
has a high magnetic efficiency. At this end,
the number of magnetic poles available in
the array is increased while at the same
time forming the hub wheel 3 inclusive of
the rim 4 of a magnetizable material so
that the rim 4 serves as a magnetic path
of a minimum length between the adjacent
Iﬁlagnetic poles, thus reducing the leakage

ux.

In the embodiment shown, a sideplate
26 is secured to the drum 20 for preventing
any foreign matter from finding its way into
the clearance between the assembly 2 and

the stator 5. The sideplate 26 has an end
37 which is received in and spaced from
a step 36 formed in the annular portion 31
of the assembly 2. A spacer 27 of a non-
magnetic material is interposed between the
stator and the sideplate 26, which carries
terminals 28 (only one being shown) for
connection with lead wires of the coil
assembly 25 which extend through the
spacer 27.

Fig. 2 shows a generator 42 which
includes the annular magnet assembly 2 of
the invention as applied to the stator thereof.
Parts corresponding to those shown in Fig.
1 are designated by like numerals in Fig. 2.
The generator 42 includes a rotor 50 com-
prising an annular core and a coil assembly
which are similar to those shown in Fig. 1.
The rotor 50 is disposed around the annular
inner surface of the rim 4 with a spacer 38
of a non-magnetic material interposed
therebetween. The assembly 2 is carried by
the rim 21 of the drum, which in this in-
stance, comprises a magnetizable material.
The construction of the assembly 2 remains
unchanged. It will be understood that such
a generator requires the provision of a slip
ring assembly for deriving an output from
the rotor 50, but the slip ring assembly is
not shown for reason of obviousness.

Fig. 5 shows another form of the annular
magnet assembly 2. The frame member 41
also includes ledge portions 32, 33. A plate
38 of a magnetizable material is adhesively
applied to the outer surface of each magnet
29. When this assembly 2 is used in the
generator of Fig. 1, the hub wheel 3 may
be formed of a non-magnetic material.

Fig. 6 shows a modified magnet assembly
which is similar to that shown in Fig. 3
except that the ledge portions 32 are re-
placed by an annular band 39 of a magnet-
izable material, covering the exterior side
of the assembly. This may be used in the
generator of Fig. 1.

Fig. 7 shows a modification of the
arrangement shown in Fig. 6 in that an
annular band 40 of a magnetizable material
is applied to the interior surface of the
assembly. This assembly may be used in
the generator of Fig. 2.

The magnet assembly shown in Fig. 6 or
Fig. 7 may be manufactured by placing the
band 39 or 40 in the mold and disposing
an annular array of arcuate magnets 29
along the outer or inner surface of the band
before casting a resin into the mold.

WHAT I CLAIM IS:

1. An annular magnet assembly adapted
to be mounted on an annular or cylindrical
surface of a dynamoelectric machine for
producing a magnetic field therein, com-
prising a plurality of arcuate permanent
magnets disposed in an end to end abutment
to form an annular array, each of the per-
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manent magnets having a first and a second
major surface, the first surface being in
engagement with the annular or cylindrical
surface of the machine when the magnet
assembly is mounted in the machine, both
ends of each permanent magnet being
formed with a recess in the second major
surface at the respective abutment of the
permanent magnets, and a frame member
of a non-magnetic material for rigidly
connecting the magnets together, the frame
member including a pair of annular portions
which tightly engage the opposite sides of
the annular array and ledge portions ex-
tending through the recesses to connect the
pair of annular portions together.

2. An annular magnet assembly as
claimed in Claim 1, further including addi-
tional recesses formed in the first surface
between the adjacent magnets, and the
frame member include additional ledge
portions which extend through the addi-
tional recesses to connect the pair of
annular portions together.

3. An annular magnet assembly as
claimed in Claim 1, further including an
annular band which covers the first surface.

4. An annular magnet assembly as
claimed in Claim 3 in which the band is
of a magnetizable material.

5. An annular magnet assembly as
claimed in Claim 1 in which the first and
the second surface correspond to the outer
and the inner surface of the assembly.

6. An annular magnet assembly as 35

claimed in Claim 1 in which the first and
the second surface correspond to the inner
and the outer surface of the assembly.

7. An annular magnet assembly as
claimed in Claim 2 in which the surface of
the magnets which defines the first surface
is covered with a plate of a magnetizable
material.

8. An annular magnet assembly sub-
stantially as hereinbefore described with
reference to Figures 1 to 4, Figure 5, Figure
6 or Figure 7 of the accompanying drawings.

9. A generator incorporating a magnet
assembly as claimed in any one of Claims
1 to 8.

10. A generator substantially as herein-
before described with reference to Figure 1
or Figure 2 as modified by Figure 5, Figure
6 or Figure 7 of the accompanying drawings.

MARKS & CLERK,
Alpha Tower,
A.T.V. Centre,

Birmingham, B1 1TT.

Agents for the Applicant.
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