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SPECIFICATION
Electric motor

This invention relates to electric motors.

Small electric motors of a generally rectan-
gular parallelepiped shape have been pro-
posed for use in electric model toys, such as
maodel racing cars, to improve the space fac-
tor. In general, the magnetic gap between the
permanent magnet and the core of the motor
rotor is minimised for small overall dimen-
sions. The permanent magnet is suitably
shaped for close fit with the inner wall of the
magnet casing and bonded thereto using ad-
hesive. For a secure bond the magnet must
necessarily be in close contact with the inner
wall of the casing. An arrangement is required
for forcing the magnet'against the inner wall
of the casing and for temporarily holding it in
position. We have found that in carrying out
such an operation, close attention was re-
quired to prevent unwanted contact between
the magnet and the motor rotor and to pre-
vent the magnetic gap from being unbal-
anced. This impose a considerable degrea of
effort and attention due to the difficulty in
visually confirming whether the magnet was
in close fit with the magnet casing.

We also found that, even when the parma-
nent magnet has been properly housed in the
magnet casing during manufacture, the
strength of the adhesive may decrease with
time or as a result of vibrations caused by the
revolution of the motor, or external impact
may cause the magnet to be separated from
the inner surface of the casing and to come in
contact with the motor rotor. This may result
in a total failure of the motor.

To overcome this problem, it was first pro-
posed to provide lanced and formed pieces on
the side face of the magnet casing to support
the permanent magnet. We found that such
lanced and formed pieces may form unwanted
magnetic short-circuits, lowering the efficiency
of the motor. The use of a material having
good permeability, such as iron sheet, for the
magnet casing so that it may then serve as a
yoke must generally be avoided in an arrange-
ment using lanced and raised pieces because
of the increased reactive magnetic flux which
may be caused by magnatic short-circuits.

To overcome the probiams described above
we have proposed the provision of lugs prefer-
ably formed as continuations of side walls of
the magnet casing and having their distal
ends bent through a right angle to engage the
inner end faces of the permanent magnets in
the casing. As described in our British Patent
Specification 1565335, this arrangement
makes it possible to securely support the
permanent magnet in the magnet casing while
greatly reducing the likelihood of forming an
unwanted magnetic short-circuit or of the
magnet coming into contact with the motor

rotor, and permits a material having good
permeability to be used for the casing.

Such an arrangement is described hereinbe-
low with reference to Figs. 1 to 4.

For reasons which we explain below,
though it is an improvement, we have not
found this arrangement to be entirely satisfac-
tory. The present invention has arisen from
our work seeking further to improve motors of

75 this kind. As we shall exptain in detail herei-
nafter, the present invention enables impor-
tant advantages to be obtained.

According to the present invention, we pro-
vide an electric motor of generally rectangular

80 paralleleipiped shape, having a magnet casing
of rectangular cross-section; and a plurality of
permanent magnets mounted with a close fit
to the inner wali of the casing: the magnet
casing having side wall portions extending

85 inwardly thereof from said inner wall along-
side the side faces of the magnets by a
distance smaller than the corresponding ex-
tent of said faces, grooves being provided on
the respective side faces of the permanent

90 magnets, and the magnet casing having a
plurality of lugs the distal ends of which are
hent inwardly of the magnet casing and en-
gaged in said grooves to hold the permanent
magnets in the magnet casing.

95 The invention is hereinafter more particu-
larly described by way of example only with
reference to the accompanying drawings in
which: -

Figure 1is a side elevational view of a
100 previously proposed rectangular parallelep-
iped-shaped electric motor;
Figure 2 is a plan view of the embodiment
of Fig. 1;
Figure 3 is a cross-sectional view of the
105 motor of Figs. 1 and 2 taken along the line
X- X in Fig. 2, with the motor rotor removed;
Figure 4 is a diagram illustrating the effec-
tive surface angle of the permanent magnets
and the magnetic gap between the permanent
110 magnets and the motor rotor in the embodi-
ment of Figs. 1 to 3;
Figure 5 is a plan view generally similar to
Fig. 2 illustrating a first exampie of electric
motor constructed in accordance with this
115 invention;
Figure 8 is a cross-sectional view similar to
that of Fig. 3 but taken along the line Y-Y in
Fig. 5, with the motor rotor removed;
Figure 7 is a perspective view of a perma-
120 nent magnet in the embodiment of Figs. 5
and 6; and
Figure 8 is a cross-sectional view similar to
that of Fig. 6 but illustrating a second embod-
iment of motor constructed in accordance with
125 this invention, with the mator rotor removed.
Figs. 1 to 4 show a magnet casing 1 which
has a generally rectangular cross-section, as is
evident from Fig. 3, and which is formed by
bending a channai-shaped iron sheet into a
130 generally U-shape. As is clear from Figs. 2

70
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and 3 one side face 1-4 of the casing in-
cludes side face portions 1-4A and 1-4B of
the channel in two arms of the U. The other
side face 1-5 similarly includes side face
portions 1-5A and 1-5B, respectively. Per-
manent magnets 2 and 2’ are mounted as
shown in the channefs and have respective
cufved surfaces 2-1"and 2’ -1 directed in-
wardly of the casing. A cover 3, made of
synthetic resin is removably fitted to the mag-
net casing 1 at one end. The motor has a
shaft 4, 4° mounted in motor bearings 5, 5.
Fastening means 6, 6° and 6°' fasten cover 3
to the magnet casing 1. Brush insert holes 7.
7" with brush retaining cylinders are pravided
on side faces 3-1 and 3-2 of the cover 3. A
mark 8 is provided on the boundary between
face 1-1 formed by the channel bottom on
one arm of the U and the end face 1-3 of the
magnet casing 1 away from cover 3, a like
mark (not shown) being provided on the
boundary between the opposite face 1-2 and
end face 1-3. The motor has rotor cores 9
and 9’ respectively wound with windings 10
and 10°. A commutator is shown at 11 and is
supported at 12. Terminals 13 and 13’ of the
windings terminals are electrically’ connected
to the supporting means 12. A plurality of
lugs 14=1, 14-2, 14-3, 14-4, and 15-1,
15-2, 15-3, 15-4 are respectively and sym-
metrically formed on the side faces 1-4 and
1-5 of the magnet casing 1 and have their
respective distal end portions bent into an L-
shape inwardly of the casing at 14-1A,
14-2A, 14-3A, 14-4A and 16-1A, 15-2A,
15-3A and 15-4A to support and retain the
magnets 2, 2’ ag shown. Though neither lugs
15=3 or 15-4 nor their respective distal end
are actually depicted in the drawings, it will
be appreciated that they occupy positions
which correspond to those of lugs 14-3 and
14-4. A metal bearing 16 provided on the
inner surface of the magnet casing 1 can be
séen in Fig. 3 and has a hole 17 through
which the motor shaft 4 passes.

As shown in Fig. 2, the width or lateral
éxtent T1 of the side faces 1-4 and 1-5 of
the magnet casirig 1 is smaller than the width
or lateral extent TO of the corresponding side
faces of the magnets 2 and 2°. The lugs 14
and 15 extend beyond the width TO to be
inwardly bent. Thus to firmly support and
securé the permanent magnets 2 and 2’ in
the magnet casing 1 in this construction, the
distal end portions 14-1A, 14-3A and
14-2A, 14-4A of the lugs 14-1, 14-3 and
14<2, 14-4 are hooked to edge portions,

2 -1A and 2-1A of the curved inner surfaces
2'-1 and 2-1 of the perrhanent magnets 2
and 2 Similarly, the distal end portions
15~1A. 15-3A and 15-4A of the lugs
15-1, 15-3 and 15-2, 15-4 are hooked to
edge portions 2'-2A and 2-2A of the curved
surfaces 2'=1 and 2-1 of the permanent
magnets 2° and 2 on the side face 1-5. As a

result, magnets 2 and 2° are securely fitted in
the magnet casing 1 while maintaining an . .
appropriate magnetic gap between the mag"
nets and the motor rotor simply by inserting

70 the magnets 2 and 2’ in the casing 1 along
the length of the respective channels (i.e. in a
direction into the paper in Fig. 3) and then
bringing the lugs into engagement with the
edge portions of the magnets and hooking the

75 distal ends of the lugs thereto. This arrange-
ment can eliminate the need for adhesive to
securely fit the magnets in the magnet casing.
Since the arrangement described ensures that
TO is larger than T1, the possibility of an

80 unwanted magnetic short-circuit being formed
by the side faces 1-4 or 1-5 of the magnet
casing 1 is practically eliminated.

Though it is certainly a great improvement,
we have found this arrangement using the

85 lugs 14 and 15 to be not entirely satisfactory
since the formation of an unwanted magnetic
short-circuit cannot be completely eliminated
due to the presence of the lugs 14 and 15.
The lugs 14 and 15 limit the angle of the

90 effective surface of the magnets 2 and 2" to &
instead of # (see Fig. 4) as would otherwise
be practicable. Furthermore, the magnetic gap
o between the motor rotor R and the perma-
nent magnet 2 is limited by the presence of

95 the lugs 14 and 15 because the magnetic gap
cannot be made narrower than the thickness
of the lugs 14 and 15 where they engage
with the edge portions 2-1A, 2-2A, 2’'-1A,
2'-2A of the curved surfaces 2-1, 2'-1 of

100 the permanent magnets 2, 2'.

For the embodiments of electric motor con-
structed in accordance with the present inven-
tion and illustrated in Figs. 5 to 8, like
nurerals refer to like parts throughout and to

105 like parts of the embodiment of Figs. 1 to 4.

As in the prior arrangement of Figs. 1 to 3,
the width or lateral extent T1 of the side faces
1-4 and 1-5 of the magnet casing 1 is made
smailer than the width or lateral extent TO of

110 the corresponding side faces of the magnets 2
and 2’. In the present embodiment, however,
the length of lugs 14 and 15 is made smalier
than the width TO. The permanent magnets 2

~ and 2" are securely fitted in the magnet

115 casing 1 by engaging the lugs 14-1, 14-3
and 14-2, 14-4 with grooves 18" and 18
provided on the magnaetically neutral side por-
tions of the permanent magnets 2" and 2 on
side 1-4 of the casing and by similarly en-

120 gaging the lugs 15-1, 16-3 and 15-2,
15-4 with grooves 19’ and 19 on the oppo-
site side of the permanent magnets 2" and 2.
As a result, the permanent magnets 2 and 2’

_ are securely fitted in the magnet casing 1 and

125 an appropriate magnetic gap is set simply by-
inserting the permanent magnets 2 and 2’
into the casing 1 along the length of the
respectivé channeis (i.e. in the direction in to

. the paper in Fig. 6 or 8) and engaging the

130 distal ends of the lugs in the grooves on the
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side faces of the magnets. This eliminates the
need for adhesive to fit the magnets to the
magnet casing. The possibility of an un-
wanted magnetic short-circuit is practically
eliminated since TO>T1 and the lugs 14-1
to 14-4 and 15-1 to 16-4 are engaged with
the grooves 18°, 19’ and 18, 19 provided on
the magnetically neutral positions of the per-
manent magnets 2’ and 2. The lugs 14 and
15 should preferably be disposed at positions
\ghere they do not face the rotor cores 9 and

In the prior arrangement of Fig. 4, the
angle of the effective surface of the magnet
was limited (to &' as explained above).

In arrangements in accordance with the
present invention, on the other hand, where
the lugs, such as 14 and 15, are engaged
with grooves, such as 18 and 19, provided at
magnatically neutral positions on the magnets
(as shown by dotted lines in Fig. 4), the
magnet angile can be increased to 8. This
resuits in an increase in magnetic field
strength, and helps improve motor torque and
reduce cogging problems.

In the arrangement of Figs. 1 to 4, as
explained above, the magnetic gap between
the motor rotor R and the permanent magnet
2 cannot be made smaller than the width a
due to the thickness of the distal end portions,
such as 14-2A and 15-2A (Fig. 4) of the
lugs. However, when lugs 14 and 15 are
engaged with grooves 18, 18", 19 and 19",
the magnetic gap can be made as close as
practicable. This will enable further miniaturi-
zation and improved performance to be ob-
tained for small motors of this type.

The effective angle or area over which the
permanent magnets 2 and 2’ confront the
motor rotor can be further increased by em-
ploying permanent magnets 2 and 2’ shaped
so that those portions 20, 20°, 21 and 21°
inward of the grooves 18, 18, 19 and 19’
toward the rotor protrude outwardiy beyond
the side face portions 1-4B, 1-4A, 1-5B and
1-5A respectively of the magnet casing 1, as
shown in Fig. 8.

Aithough the grooves 18, 18", 19 and 19’
are described above as being provided at
magnetically neutral positions on the perma-
nent magnets 2 and 2°, it is not essential that
the grooves be positioned at magnetically
neutral positions.

Thus, it will be seen that by providing lugs
14 and 15 of a simpte-shape on the magnet
casing 1, and grooves 18, 18° 13 and 19° on
the side faces of the permanent magnets 2
and 2°, the magnets may be securesly fitted in
the magnetic casing.

{Unwanted reactive magnetic fluxes between
the permanent magnets 2 and 2' and the
magnet casing 1 that by-pass the rotor cores
9 and 9° are substantially prevented. As com-
pared with the arrangement of Figs. 1 to 3
the embodiments of Figs. 5 to 8 make it

possible to further reduce the sizg of memrby
reducing the magnetic gap between the per-
manent magnets 2 and 2’ and ths mator rotor
R.

70 Again, as compared with the arrangement
of Figs. 1 to 3, the described embodiments of
motor in accordance with the present inven-
tion have increased effective surface angle ¢
of the permanent magnets 2 and 2’ and thus

75 increased magnetic field by employing lugs
14 and 15 which engage grooves 18, 18°,
19 and 19’ rather than edge portions of the
curved surfaces of the magnets.

The effective angle over which the perma-

80 nent magnets 2 and 2° confront the rotor {and
thus the area over which the magnetic gap is
present} may be further increased, as ex-
plained above, by employing permanent mag-
nets 2 and 2’ having protruding portions 20,

85 20°, 21 and 21°. This will help improve
motor torque and reduce cogging problems,
and enables a more efficient rectangular paral-
lelepiped-shaped small electric motor to be
constructed while using a material having

90 good permeability for the magnet casing 1.

CLAIMS

1. An electric motor of generally rectangu-

lar parallelepiped-shape, having a magnet cas-
95 ing of rectangular cross-section; and a plural-

ity of permanent magnets mounted with a
close fit to the inner wall of the casing; the
magnet casing having side wall portions ex-
tending inwardly thereof from said inner wall

100 alongside the side faces of the magnets by a
distance smaller than the corresponding ex-
tent of the said faces, grooves being provided
on the respective side faces of the permanent
magnets, and the magnet casing having a

105 plurality of lugs the distal ends of which are
bent inwardly of the magnat casing and en-
gaged in said grooves to hold the permanent
magnets in the magnet casing.

2. An electric motor according to Claim 1,

110 wherein the grooves are provided at magneti-
cally neutral positions on the permanent mag-
nets.

3. An electric motor according to Claim 1
or Claim 2, wherein the lugs ars provided at

115 positions where they do not confront the rotor
cores.

4. An electric motor according to any of
Claims 1 to 3, wherein those portions of the
permanent magnets inward of the grooves

120 towards the rotor are enlarged so that the side
faces of the magnets in such portions pro-
trude outwardiy beyond the side wall portions
of the magnet casing.

5. An electric motor according to any of

125 Claims 1 to 4, wherein the magnet casing is
made of a material having good permeability.

6. An electric motor of generally rectangu-
lar parallelepiped shape substantially as here-
inbefore described with reference to and as

130 shown in Figs. 5 to 7 or 8 of the accompany-
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The text of the specification has been reproduced
by photoceopying. The original typescript amay be
inspected on the premigses of the Patent Office
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