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(57) La présente mmvention concerne un moteur ¢lectrique
universel avec entrefer variable. Le moteur comporte un
rotor (1) a une ou plusieurs dents d'attraction et un stator
(2) dot¢ d'un systeme d'excitation. Ce systeme
d'excitation comprend, montés a la suite et a une certaine
distance les uns des autres sur un support de stator (20)
en face du rotor (1), au moins un ¢€lectroaimant (21) avec
induit (24) et enroulement (25), un circuit de commande
(22),avec detecteur de position (26), pour 'alimentation
de I¢lectroaimant, et un ammant permanent (23).
L'¢lectroaimant (21) et l'aamant permanent (23) sont
fixés sur le support de stator (20) de maniere a exciter
alternativement le rotor, cec1 dans des positions réglables
permettant de changer le sens de rotation du rotor lui-
meme.

I*I Industrie Canada  Industry Canada

(57) The present mnvention relates to a universal electric
motor with variable air gap. It has a rotor (1) with one or
more attraction steps and a stator (2) provided with an
excitation system. The excitation system comprises,
mounted consecutively distanced on a stator support (20)
facing the rotor (1), at least an electromagnet (21),
provided with an armature (24) and with a winding (25),
a control circuit (22), provided with a position detector
(26) for supply power to the electromagnet, and a
permanent magnet (23). The electromagnet (21) and the
permanent magnet (23) are fastened onto the stator
support (20) to excite the rotor alternatively, and 1n
adjustable positions to change the direction of rotation of
the rotor 1tself.
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(§7) Abstract

The present invention relates to a universal electric motor with variable air gap. It has a rotor (1) with one or more attraction steps
and a stator (2) provided with an excitation system. The excitation system comprises, mounted consecutively distanced on a stator support
(20) facing the rotor (1), at least an electromagnet (21), provided with an armature (24) and with a winding (25), a control circuit (22),
provided with a position detector (26) for supply power to the electromagnet, and a permanent magnet (23). The electromagnet (21) and

the permanent magnet (23) are fastened onto the stator support (20) to excite the rotor alternatively, and in adjustable positions to change
the direction of rotation of the rotor itself.
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The present mvention relates to a universal electric motor with variable air gap.

Stepped clectical motors with variable reluctance are already known, having

a rotor formed by a core with cylindrical shape, whose teeth are positioned along the

5 lateral surface, and a coaxial stator having a plurality of excitation windings in a
number differsnt from that of the teeth, a5 shown by FR.N°2 275 925, for instance.

Such motors are generally complex from the constructive standpoint.

Moreover, since the windings are enerpised according 0 many periodically

altcrnatng phascs, such motors give problems in terms of clecromagnetic leakage

10 and of the deriving pollution.

Disclosure of Invention

The aim of the present invention therefore is to eliminate the aforementioned

drawbacks, providing a constructively simple clectric motor, which presents reduced
15 leakage and lesser electromagnetic poilution with respect to traditional motors of the
same kind. '

A further aim of the present invention is to provide an electric motor which can
function as well with direct current and with aiternate current power supply, that is
to say a so-called universal electric motor.

20 Yet anaother aim of the present invention is to provide an electric motor which
can be started safely in both directions of rotation.

The 1nvention. as it is characterised by the claims that follow, solves the
problem of providing a universal electric motor with variable air gap, of the type
having a rotor presenting one tooth or multiple circumferentially equidistant teeth

25 ' mutually scparatcd by grooves, and a stator provided with an excitation system, .
which from a genera!l standpoint is characterised in that said excitation system
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comprises, mounted consecutively distanced on a stator support facing said rotor, at
least an electromagnet, provided with an armature and with a winding, a control
circuit, provided with a position detector for supplying power to the electromagnet,
and a permanent magnet; said electromagnet and said permanent magnet being
fastened on said stator support to excite the rotor alternatively, and in adjustable
positions to change the direction of rotation of the rotor itself

Thus, 1n the motor according to the invention, having a rotor, for instance made
of ferromagnetic maternal with one or more teeth, and a stator with an electromagnet,
indifferently powered with direct or alternating current, and with a permanent
magnet, positioned in such a way as to provide the direction of rotation and
overcome the neutral point, alternating attractions of the electromagnet and of the
permanent magnet are created on the teeth of the rotor by means of the control
circuit that drives the power supply to the motor.

Although in the present description the invention is described with reference
to a rotating motor, 1t can also be applied to linear motors or to annular linear motors
and devices for partial servo-controls.

Moreover, the stator, as described herein, can be movable, and hence the rotor
can be fixed, inverting the configuration described above without any other
modification.

Among the other advantages noted are excellent efficiency levels thanks to the
perfect closure of the magnetic flow between stator and rotor. The total power
expended for the rotation of the motor is reduced since the power provided by the
electromagnet to repel the permanent magnet from one rotor tooth is substantially
1dentically to that provided by the attraction of the magnet to the rotor tooth of the
following step.

The motor according to the invention has particularly simple components, and
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therefore its cost is reduced.

The power of the motor can be varied by increasing the number of
electromagnets and permanent magnets on the stator from a single pair to multiple
pairs thereof, or the number of single electromagnets or permanent magnets.

5 As indicated in the dependent claims, the motor according to the invention can
be applied, instead of to a rotor made of ferromagnetic matenial, to a rotor whose
teeth are polar expansions permanently magnetised with the same polarity as the
permanent magnet of the excitation system, or opposite thereto. In this case, the
motor functions by repulsion or, respectively, by attraction and for the offset required

10 for its motion it 1s the electromagnet winding that is off-centre with respect to the
polar pitch, to the right or to the left of the desired direction of rotation. Therefore,
the power of the electromagnet serves to win the repulsion or attraction force of the
permanent magnet and to provide the desired power to the motor shaft.

Further features and advantages of the invention shall be made more readily

15 apparent from the content of the detailed description that follows, of embodiments
lllustrated purely by way of non limiting indication in the accompanying drawings.
Descript  Draws
- Figure 1 shows a partial schematic plan view of a first embodiment of an electric
motor according to the present invention;

20 - Figures 2 and 3 show a schematic lateral view of a rectified portion of the motor of
Figure 1 with ferromagnetic teeth in two of its respective operating positions;

- Figure 4 shows a perspective view of some parts of the electric motor of Figure 1;
- Figures 5 and 6 shows a schematic lateral view of a rectified portion of the motor
of Figure 1 shaped for rotation in one direction of rotation and, respectively, in the

25 opposite direction;

- Figures 7 and 8 show a schematic lateral view of a rectified portion of the motor of
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Figure 1 with permanent magnet teeth operating by attraction and, respectively, by
repulsion;

- Figure 9 shows a perspective view of a second embodiment of an electric motor:
- Figure 10 shows a perspective view of a third embodiment of an electric motor:

- Figure 11 shows an exploded perspective view of a fourth embodiment of an
electric motor; and

- Figure 12 shows an end view of a fifth embodiment of an electric motor.

escription of the Illustrative Embodiment:

According to the present invention, in Figures 1 and 3 the number 1 indicates
a rotor with multiple attraction steps and the number 2 indicates a stator provided
with an excitation system. The rotor 1, of the linear type enclosed in a loop, very flat,
presents a multiplicity of circumferentially equidistant teeth 10, mutually separated
by grooves 11. The excitation system provided in the stator 2 comprises, mounted
consecutively distanced on a rotor support 20 facing the rotor 1. at least an
electromagnet 21, a control circuit shown schematically as 22, and a permanent
magnet 23.

The electromagnet 21, provided with an armature 24 and a winding 25 (Figure
1), 1s connected to the control circuit 22. The control circuit 22 is provided with a
position detector 26, such as an optical, magnetic, resistive, inductive transducer,
etc., or operating with electronic circuits, as well as brush commutators, useful to
drive the electromagnet power supply, as will be seen farther on.

The teeth 10 of the rotor can be made of ferromagnetic material or permanent
magnets.

Figures 2 and 3 schematically shows by way of example the case of

ferromagnetic teeth. The electromagnet 21 and the permanent magnet 23 are

CA 02335151 2000-12-14

Do ettt e e TR ] N M T e e . = e et tee """""“""“‘““'MMW‘" THEF b ammien e s T atdieeed e b 1 {3 YR CRHR WEHRH 1 WAL L b e i iy,

PCT/1T99/00149

TTER ""-'“':‘Hr""I“‘“‘m‘mm“m“‘m“"*'“"""": i . T s s Ll A 0 B T TP CHITTI R N T Y AR - et 1M T i ey e At b, a gy



10

15

20

25

WO 99/66627

5

fastened onto the stator support 20 in positions such that, assuming the direction of
rotation indicated by arrow F in Figures 1 through 3, when the position detector 26
faces the leading edge of a groove 111 (Figures 1 and 2), the electromagnet armature
24 can overlap a subsequent groove 1111 and, in addition, a portion of teeth 1011, for
an offset distance s, whilst the permanent magnet 23 overlaps a subsequent tooth
10111 In this way, the electromagnet 21 is excited by means of the control circuit 22
with alternating or direct current, through its position detector 26, and tends to attract
the tooth 10II overcoming, in the ideal case with no mechanical load and no friction
loss, the force of attraction of the permanent magnet 23 on the tooth 10111,

When said position detector faces the leading edge of the tooth 101 (Figure 3),
it de-energises the coil 21 through the control circuit 22, the electromagnet armature
25 overlaps the subsequent tooth 1011, whilst the permanent magnet 23 overlap the
subsequent tooth 11IV in a position offset towards a subsequent tooth 10IV, in such
a way as to attract it, until the position detector reaches the leading edge of the
groove 111I to repeat the cycle anew.

In the case of permanent magnet teeth 101 or '102, depending on the polar
disposition, as shown in Figures 7 and 8, the electromagnet 210, operating with direct
current, and the permanent magnet 230 are fastened onto the stator support 200 In
such positions that, with the same direction of rotation F, when the position detector
260 faces the leading edge of a groove 103, the electromagnet armature 210 overlaps
a subsequent groove 103 and a portion of subsequent tooth 101, whilst the permanént
magnet 230 overlaps a subsequent tooth, when the mutually facing polarities of
magnet and tooth are opposite (Figure 7). When instead such polarities are equal
(Figure 8), the electromagnet 210 and the permanent magnet 230 are fastened onto
the stator support 200 in such positions that, with the same direction of rotation F,
when the position detector 260 faces the leading edge of a groove 103, the
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electromagnet armature 210 overlaps a subsequent tooth 102 and a portion of
subsequent groove 103, whilst the permanent magnet 230 overlaps a subsequent
groove 103.

According to the invention the electromagnet and the permanent magnet are
fastened onto the stator support in adjustable positions to change the direction of
rotation of the rotor, as shown in Figures 5 and 6. The distance between
electromagnet 21 and magnet 23 in the mechanical coupling on the stator support 20
determines the direction of rotation of the rotor 1. With magnet 23 overlapping a
tooth 10, the direction of rotation of the rotor 1 is the one indicated by arrow F, when
the electromagnet 21 overlaps the leading edge of a preceding tooth (Figure 5),
whilst 1t is the opposite direction when the electromagnet 21 overlaps the trailing
edge of a preceding tooth (Figure 6).

From the standpoint of the interaction between rotor and excitation system the
electromagnet armature 24 and the permanent magnet 23, as shown in Figure 4, face,
with therr air gap, laterally, both the opposite peripheral extremities of the rotor 10.

In reference to Figure 9, a second embodiment of the motor according to the
invention is shown. The rotor 1a is axially elongated and presents three teeth
indicated generally as 10a. The electromagnet 21a presents an armature 24a and a
winding 25a. The electromagnet armature 24a and the permanent magnet 23a are
correspondingly elongated and laterally face, with their air gap, the rotor 1a.

In reference to Figure 10, a third embodiment of the motor according to the
invention is shown. The rotor 1b is considerably flattened with respect to the motor
of the second embodiment and, similarly, it presents three teeth indicated generically
as 10b. The electromagnet 21b presents an armature 24b and a winding 25b. The
electromagnet armature 24a and two permanent magnets 23b laterally facing, with
their air gap, the rotor 1b.

CA 02335151 2000-12-14
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In reference to Figure 11, a fourth embodiment of the motor according to the
ivention is shown. The rotor 1c is an annular track 6, made for instance of plastic
matenal, bearing inserts 3 made of ferromagnetic material. As shown, the rotor 1c
1s integral with a blade 4 centrally provided with a support element 5 for the rotation

5 of the rotor. The excitation system is represented schematically in an electromagnet
21c, presenting an armature 24¢ and a winding 25c¢, in a permanent magnet 23c and
In a position detector 26c¢.

In reterence to Figure 12, a fifth embodiment of the motor according to the

invention is shown. The rotor 1d has a single attraction step, presenting a single
10 ferromagnetic tooth 10d and a neutral step 11d, of the same mass density as the tooth
10d.

On a stator support 20d, the excitation system is schematically represented in
an electromagnet 21d, presenting an armature 24d and a winding 25d, and in a
permanent magnet 23d. The operation of the excitation system is as described with

15 reference to the first embodiment.
The 1nvention thus conceived can be subject to numerous modifications and

variations, without thereby departing from the scope of the inventive concept.
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Claims

1.  Universal electric motor with variable air gap, of the typc having a rotor

presenting one tooth or multiple circumferentially equidistant teeth mutually
separated by grooves, and a stator provided with an excitation system,

comprising mounted consecutively distanced on a stator

5 support (20; 200) facing said rotor (1; 100, la; 1b; 1¢; 1d), at least an electromagnet

(21; 210; 21a,; 21b; 21¢; 21d), provided with an armature (24, 24a; 24b, 24¢; 24d)

and with 2 winding (25; 252; 25b; 25¢; 25d), 2 control circuit (22; 220), provided

with 2 position detector (26, 260; 26c) for supplying power to the electromagnet, and

a permanent magnet (23, 250, 23g; 23b; 23¢; 25d) characterised in that said electromagnet(21:310;3la:
10 21b; 21¢; 21d) and said permanent magnet (23; 250; 23a; 23b; 23¢; 23d) being

fastened onto said stator support (20; 220) for alternarively excitng the rotor, and in

adjustable positions to change the direction of rotation of the rotor tself.

2. Motor according to claim 1, characterised in thar said rotor hes teeth (10) made
15 of ferTomagnetic material. |

3.  Motor according to claim |, characterised in that said rotor has perranent

magnets as testh (100).

20 4,  Motor according to claim 1, characterised in that said electromagnet armature
(24a; 24b; 24c; 24d) and said permanent magnet (23a; 23b; 23¢; 234) face, with their
air gap, laterally, said rotor (1a; 1b; 1c; 1d).

5.  Motor according to claim 1, characterised in that said electromagnet armaturc
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(24) and said permanent magnet (23) face, with their air gap, both opposite
penipheral extremities of said rotor (1).
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