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“A SYNCHRONOUS AND INDUCTION MOTOR”

FIELD OF THE INVENTION

The present invention relates to a synchronous and induction motor and, more
particularly, to a motor, which works both as a synchronous motor and as an induction motor,
showing a configuration that, allows a good performance of the same in both situations.

BACKGROUND OF THE INVENTION

Nowadays, the compressor motors for refrigeration have an important function in the
consumption of energy in these compressors. Among the imporiant features of these moitors,
one may point out as the main ones: the electric output, the robustness during the startup (or
overioads) and the possibility of varying the speed of the same.

There are three types of motor utilized in compressors for refrigeration that equip
more than 90% of the total found in the field, either in household applications or in
commercial applications: the mono-phase induction motor, the synchronous molor with
permanent magnets and the brushless DC motor with permanent magnets.

In the mono-phase induction motor, the torque is high, generated through the
inferaction between the stator field and the field induced in the rotor. The electric efficiency of
this type of motor is reasonable (average), the use of an electronic control is not necessary
and its speed is constant. This makes this type of motor a low cost motor.

in the synchronous motor with permanent magnets with direct startup (LSPM} in
turn, the torque is low, generated by the interaclion between the magnet field ant the stator
currents. In this type of motor, it is not necessary any type of electronic confrol either, and its
speed is also constant. However, its efficiency is high when compared with that of the
induction mofor. This type of motor is a medium cost motor.

Finally, the brushiess DC motor with permanent magnets, different from the others,
makes use of an electronic control, an inverter, 1o control the efficient current magnitude in
the stator, which, together with the field generated by the rotor, produces torque. For having
the electronic control, its speed is controllable since the conduction time of the transistors
can be adjusted. However, this kind of solution has a high cost, due to the need for using a
fairly complex electronic device.

Such types of motor can be observed, as examples, in documents US 3 978 356,
US 4139 790, US 5 631512, US 5 825 112, US 6 917133, US 7116 030, US 7183 686 and
UsS 7372 183.

SUMMARY OF THE INVENTION

Embodiments of the present invention consist of a motor with a mixed configuration
of a synchronous motor and an induction motor allowing the operation at two speeds without
the use of electronic devices inherent to brushiess DC motors, resulting in a motor with high

levels of efficiency and variable speed, and yet at a competitive cost.
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Therefore, embodiments of the present invention seek {o provide a motor which
allows the variation of the speed without the use of electronic devices.

Embodiments of the present invention seek to provide a motor which has a better
performance/cost relation than the current motors, or, in other words, o aflow a better
performance of the motor at a low cost.

Embodiments of the invention seek to provide a motor having the features of a
synchronous moter and an induction motor, under certain conditions.

Embaodiments of the present invention seek to provide a motor with a lower noise

level for working synchronized and at speeds lower than the usual ones.

According fo embodiments of the present invention, there is provided a synchronous
and induction motor, comprising a stator having coil windings, a rotor having magnets that
generate n poles and additionally comprising a stator with coil windings arranged so that they
aliow the change of the n poles of said stator through a switch, so as to operate at a low
rotation as a synchronous motor, with the same number of poles as the rotor and at a high
rotation as an induction motor, with an even and integer number of poles between 2 and n-2,
wherein, during the operation as an induction motor, a rotor is used with a protuberance ratio
Xd/Xq (ratio between the direct shaft and the quadrature shaft reactances) near 1.

According to a preferred embodiment of the present invention, the switch is
electronic or eleciro-mechanic.

In another embodiment of the present invention, an outer control sysiem evaluates
the need for operation either in high or low rotation.

In another embodiment of the present invention, the magnets are concave magnets.

Yet in another embodiment of the present invention, the stator windings for low and
high rotation are independeni.

According to an aspect of the present invention, there is provided a synchronous
and induction motor, comprising: a stator having coil windings; a rotor having magnets; the
motor being additionally CHARACTERIZED in that the rotor with magnets generates n poles,
and in that it additionally comprises a stator with coil windings arranged so as to allow the
number of poles in said stator to alternate through a switch, in order to operate in low rotation
as a synchronous motor and in high rotation as an induction motor; wherein the number of
poles in the stator winding for the operation in low rotation as a synchronous motor is equal
to the number of poles n in the rotor; wherein the number of poles in the stator winding for
the operation in high rotation as an induction motor is an even number and an integer
between 2 and n-2; wherein, during the operation as an induction mofor, a rotor is utilized
having a protuberance ratio (Xd/Xq) near 1.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be now described in further detail, in conjunction with the drawing
listed below illustrative of the invention. Note that, though the examples below use the 2 fo 4
pole configuration for a better understanding, the solution is not restricted fo this
combination, and any other combinations of numbers of poles may be used according to the
application needs.

Figure 1A illustrates a 2 pole configuration of the motor stator of the present

invention, showing the current direction.
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Figure 1B illustrates the 2 pole configuration of the motor stater of Figure 1A, show-
ing the magnetic flux diraction;

Figure 1C fliusirates the 4 pole configuration of the motor stator of the present inven-
tion, showing the current direction;

Figure 1D illustrates a 4 pole configuration of he motor stator of Figure 1C, showing
the magnefic flux direction;

Figure 1E illustrates an aiternative 2 pole configuration of the motor stator of the
present invention, showing the current direction;

Figure 1F ilustrates an aliernative 4 pole configuration of the motor stator of the
present invention, showing the current direction;

Figure 2 ftusirates a 4 pole configuration of a rotor with magnets according to the
present invention, showing the magnet field direction;

Figure 3A represents the field chart of an exemplary motor with the roter direct shaft
aligned with the shaft of the stator main coil;

Figure 38 represenis the field chart of said mbtor of Figura 3A, with the rotor direct
shaft at 90° fram the shafl of the stator main coil;

Figure 4A is an alternative exempiary topology of a rofor configuration according to
the present invention; and

Figure 4B is an altemative exemplary topology of arotor configuration according to
the present invention.

DETAILED DESCRIFTION OF THE PREFERRED EMBODIMENT

Figures 1A and 1B illustrates a stater 100 with windings in a configuration that gen-
erates 2 poles.

As can be seen from Figure 1A, the current both in the upper portion and the lower
portion has the same direction in this configuration (from the leRt to the right), these currents
being represenied by amows 1 and 2.

Figure 1B in turn illustrates the magnetic fiux direction of the configuration ihustrated
in Figure 1A,

Figures 1C and 1D llustrate, differently from Figures 1A and 18, a stator 100 with

windings in a configuration that generates 4 poles.

Figure 1C illustrates the 4 pole configuration of the winding of stator 100, where ar-
rows 3 and 4 show the current in the upper and lower poriions with opposite directions (up-
per- from the left to the right and lower — from the right (o the left).

Figure 1D illustrates the magnetic flux of the configuration illustrated in Figure 1C,
forming 4 poles.

The configurations iltustrated in Figures 1A to 10 are merely examples of the plural-
ity of configurations that may exist to transforrn stator 100 with a 2 pole winding into a stator

SUPERSEDED REPLACEMENT SHEET (RULE 70.16b)) IPEA/EP
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100 with a 4 pole winding.

These winding configurations of the stator 100 with 2 or 4 poles may alternate
through the driving of electronic and/or electro-mechanical switches.

Additidnét configurations are illustrated in Figures 1E and 1F. Figure 1E illustrates
an afternative 2 pole configuration of the winding of stator, where arrows 5 to 8 show the di-
rection of the curents in said winding configuration, the current in the upper and lower por-
tions having the same direction (from the right to the ieft) and having the same direction in
the right and ieft portions (from the top to the bottom).

In the example of stator 100 with a 4 pole winding configuration, illustrated in Figure
1F, the current in the upper and lower portions has an opposite direction (upper portion —
from the left to the right, and lower portion — from the right {o the feft), and the cutrent in the
right and left portions also has an opposite direction (right portion — from the bottom to the
top, and left portion — from the fop to the bottom), as can be noted from arrows S to 12.

Apart from the configurations illustrated in the appended figures, countless other
winding configurations may be utilized, such as 2 and 4 pole independent windings that have
differential features, such as an additional eiﬁciency gain, though the cost for using such a
configuration is higher.

As mentioned above, the winding configurations of stator 100 bwith 2 or 4 poles may
alternate through the driving of electronic switches, for example, transistors, and/or electro-
rnecharical switches, for example, relays, being conirolled by én outar control system which
is responsible for evatuating the need for using the motor at low or high rotation, thus causing
the switching between the winding configurations, by way of voltage and/for current signals.

With reference fo Figure 2, a rotor 200 is illustrated with magnets 300, 31 O, 320,
330 forming, for example, 4 poles, where magnets 300, 310, 320, 330 will allow the synchro-
nization of the motor in a fow speed condition. The operation of the motor as a motor with
permanent magneis with direct starfup in the network (LSPM; allows this motor to operate
with high efficiency in the low speed condition. in Figure 2, the amows indicate the magnetic
field direction of magnets 300, 310, 320, 330 and. as can be noled, magnets in opposite po-
sitions have field opposite directions. As an example, from said figure, the magnets of the
upper left and lower right quadrants 300, 330 have the reverse field direction (a 180° differ-
ence) in relaticn to one another, and the same cccurs for the upper right and lower left mag-
nets 310, 320. This configuration results in the generation of 4 poles in the rotor, however a
higher number of poles may be used depending upon the desired rotation for the low speed
configuration. As an example, 2 pole (high rotation) and 4 pole {low rotation}, or even 4 pole
{high rotation) and 6 pole (low rotation) configurations, or yet any cther combination that
brings specific advantages to the application the motor is intendad for.

As in rotor 200, there is no switching and, it being 2 4 pole rotor, it will always have 4
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AMENDMENTS UNDER ART. 34

poles, a configuration is desired that allows a satisfactory operation both for 2 poles (induc-
tion motor) and for 4 poles (synchronous motor), in order to provide this special configura-
tion, it is necessary that some constructive requirements be met. These are: a) the flux gen-
srated by magnets 300, 310, 320, 330 must be high enough to generate a reasonable torque
and efficiency lavel during the operation as a 4 pole (synchronous) motor; and b) the reluc-
tance ratio (Xd/Xg) between the direct (Xd) and the quadrature shafts (Xq) as seen by the 2
pole winding must be near 1, so as to generate a reluctance torque near zero during the 2
pole aperation of rotor 200, allowing reascnable efficiency levels io be reached and avoiding
torque oscillations at nomina!l speed. it should be noted here the reluctance ratio or the pro-
tuberance ratic i3 the refation between the reluctance of the electric direct and gquadrature
shafts of a rotor. Thus, the larger the relation, the larger the refuctance torque will be near the
synchronous rotation.

The protuberance ratio Xd/Xq being near 1, high rotafion torque oscillations are
avoided (2 poles in the exampie mentioned).

Another important requirement is that the magnats be symmetrically arranged and
have exactly the same format and magnetic features. This fact will assure that the average
{orque genarated by the magnet flux in 2 poles is nulk '

On meeting these requirements specified above, the motor is prevented from having
torque oscillations during ils 2 pole cperation. The torque oscillation, a harmonic varation in
the motor output torque, contributes to vibration, noise and the variation of rotation in the
machines, Thus, the configuration described by the present invention generates a motor with
a lighter operation, lass noise and better performance.

Figures 3A and 3B lllustrate an exemplary reluctance ratio, where Figure 3A repre-
sents tha direct electric shaft with a higher reluctance and less flux, while Figure 3B repre-
sents the quadrature electric shaft with less reluctance and a higher flux. The arrow in Figure
3A indicates the shaft with the highest reluctance, while the arrow in Figurs 3B indicates the
shaft with the lowest reluctance.

Based on the need for having ths reluctance ratio next to 1, a piurality of configura-
tions of rotor 200 may be ulilized, stifl generating a flux high enough for the proper operation
of rotor 200. In this manner, the illustrative configurations in Figures 4A and 48 meet both of
the requirements needed for the operation of rotor 200 both with 2 poles and with 4 poles,

Figure 4A depicts fiat magnets, white Figure 48 depicts curved magnets (concave
shape). It is apparent that the two configurations depicted in Figures 4A and 4B are merely
examples and that other configurations of rotor magnets 300, 310, 320, 330 may be provided
where the requirements for an optimum operation will be met.

Although the above description refers to a preferred embodiment, it should be ap-
preciated by those skilled in the art that the present invention is not limited to the details of
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the above teachings.
it should be noted that variations, modifications and changes to the invention herein

described are possible to those skilled in the art, without depariing from the spirit and scope
of the present invention or equivalents of the same, as embraced by the appended claims

and their equivalents.
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1. A synchronous and induction motor, comprising:

a stator having coil windings;

a rotor having magnets;

the motor being additionally CHARACTERIZED in that the rotor with magnets
generates n poles, and in that it additionally comprises a stator with coil windings arranged
so as to allow the number of poles in said stator to alternate through a switch, in order to
operate in low rotation as a synchronous motor and in high rotation as an induction motor;

wherein the number of poles in the stator winding for the operation in low rotation as
a synchronous motor is equal {o the number of poles n in the rotor;

wherein the number of poles in the stator winding for the operation in high rotation
as an induction motor is an even number and an integer between 2 and n-2;

wherein, during the operation as an induction motor, a rotor is utilized having a
protuberance ratio (Xd/Xq) near 1.

2. A synchronous and induction motor, according to claim 1, CHARACTERIZED in
that said switch is an electronic switch.

3. A synchronous and induction motor, according to claim 1, CHARACTERIZED in
that said switch is an electro-mechanical switch.

4. A synchronous and induction motor, according fo any of claims 1 {o 3,
CHARACTERIZED in that an outer control system evaluates the need for operation either in
high or low rotation.

5. A synchronous and induction motor, according to claim 1, CHARACTERIZED in
that the magnets of rotor are concave magnets.

6. A synchronous and induction motor, according to ciaim 1, CHARACTERIZED in
that the stator windings for low and high rotation are independent.



