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ELECTRIC MOTOR

Field of Invention

The invention relates to the field of electric motors. More specifically, the
invention relates to an electric motor which includes solenoids that are placed on

the stator, and permanent magnets that are placed on a disk-type rotor.

Background of the Invention

Electric motors of the rotational type are well known, and have been widely used
for many years now for converting electrical energy to mechanical energy. A

typical electric motor comprises a rotor and a stator.

The rotor is the moving part of the motor, and it comprises the turning shaft
which delivers the rotation to the load. The rotor usually has conductors laid into
it, which carry currents that interact with the magnetic field of the stator to
generate the forces that turn the shaft. In another alternative, the rotor

comprises permanent magnets, while the stator holds the conductors.

The stator, in turn, is the stationary part of the motor's electromagnetic circuit,
and it usually has either windings or permanent magnets. The stator core is
typically made up of many thin metal sheets, called laminations. Laminations

are used to reduce energy losses that would result if a solid core were used.

Electric motors are also used in a reversed functionality to convert mechanical
energy to electric energy, and in such a case, the electric motor is in fact an

electric generator.

However, while the electrical motor operates to convert electrical energy to
mechanical energy, a parasitic magnetic flux is produced within the electrical
motor, resulting in the generation of electric energy, in addition to the production

of the desired mechanical energy. This parasitic electric energy in fact reduces
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the total mechanical energy that is obtained from the motor. The electric energy
that is produced within the motor may reach up to 80% of the total energy at
3000 Rpm and 20% at 100 Rpm. All attempts to eliminate this amount of
parasitic energy, which is inherent to the structure of the typical electric motor,

have reached some limit, but they could not eliminate this parasitic it altogether.

US 8,643,227 discloses a linear motor which uses a permanent magnet that

moves within a solenoid.

It is an object of the present invention to provide a new structure of an electric
motor in which the parasitic energy in the form of electric voltage generation,
which is caused in prior art motors due to a reversed magnetic flux, is

substantially eliminated.

It is still another object of the invention to provide an electrical motor which can

operate at a very high rotational speed.

It is still another object of the invention to provide a safer electrical motor, which

can operate with a very low voltage input.

It is still another object of the invention to provide an electrical motor having a

simple and inexpensive structure.

It is still another object of the invention to provide an electrical motor having an

increased efficiency compared to prior art motors.

Other objects and advantages of the invention will become apparent as the

description proceeds.
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Summary of the invention

The invention relates to an electric motor, comprising: (A) a rotor which
comprises: (a) a co-centric shaft and disk; and (b) a plurality of permanent
magnets that are equi-angularly spaced and equi-radially disposed on said disk;
and, (B) a stator which comprises: (¢) a plurality of solenoids that are equi-
angularly spaced and equi-radially disposed, each of said solenoids having a
solenoid core, which in turn has a rectangular shape in cross-section, a cavity,
and a disk slot; and (d) a coil within each of said solenoids; wherein said rotor
disk is positioned within said solenoids disk slots, and said permanent magnets
are arranged such that they can pass through said cavities of the solenoid cores

in a rotational manner, when said rotor disk is rotated.

In one embodiment of the invention the coils of the solenoids are one-turn coils.

In another embodiment of the invention, the solenoids are disposed on a stator

base.

In still another embodiment of the invention, a ferromagnetic rod is disposed
between any two adjacent permanent magnets of the rotor, thereby to form a

close ring.

In yet another embodiment of the invention, a DC current whose direction is

alternately reversed is supplied to said coils of the solenoids.

In yet another embodiment of the invention, the motor further comprises one or
more sensors for sensing the position of the one or more of said permanent
magnets relative to said solenoids, respectively, and for causing alteration of the

direction of the DC current, respectively.
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In yet another embodiment of the invention, each of said one or more sensors is a

Hall-type sensor.

In yet another embodiment of the invention, said alterations of the DC current
direction is caused by a controller, and wherein said alterations are timed by a

signal which is received from said one or more sensors.
According to one embodiment of the invention, the poles of adjacent permanent
magnets are arranged such that identical poles face one another, in an S-S, N-N,

S-S... arrangement.

According to an embodiment of the invention, the one-turn coils of the solenoids

are formed by a single conductor which passes through all the solenoids.

Brief Description of the Drawings

In the drawings:

- Fig. 1 shows a basic structure of an electrical motor, according to an
embodiment of the invention;

- Fig. 2a shows a basic shape of each of the stator solenoids, according to an
embodiment of the invention;

- Fig. 2b shows the solenoid core of the invention in a more detailed view;

- Fig. 3 shows the structure of the rotor of the invention;

- Fig. 4a illustrates in a general form the structure of the one-turn coils of the
solenoids;

- Fig. 4b shows in a general form the structure of the one-turn coils of the
solenoids, while other components of the motor are removed for the sake of
clarity;

- Fig. 4c is a top view showing how the single conductor passes through all the
solenoids to form a plurality of single-turn solenoids;

- Fig. 5 shows the coils system of the motor of the invention, while the coils

system further comprises a secondary coil; and
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- Fig. 6 shows a prototype of the motor of the invention;

Detailed Description of Preferred Embodiments

As noted above, the typical electrical motors of the prior art suffer from a
significant parasitic magnetic flux, which results in the generation of electric
energy, in addition to the mechanical (rotational) energy that the motor is
intended to produce. Such a generation of parasitic electrical energy results in a
significant loss of energy. The present invention eliminates such loss of energy

almost entirely.

Fig. 1 shows the basic structure of an electrical motor 10 according to one
embodiment of the invention. The electric motor 10 comprises mainly a rotor 20
and a stator 30. The stator 30 in turn comprises a plurality of solenoids 31a-31h,
that are equi-angularly spaced and equi-radially fixed to a preferably circular
stator base 32. The term "equi-radially” (which is used herein for the sake of
brevity), assumes a circular stator base 30. However, the stator base 30 may
have any shape, and in that case all the solenoids are placed at a same distance
from a central point. Fig. 2a shows the basic shape of each solenoid 31. The
solenoid comprises an essentially rectangular (in cross section) solenoid core 33,
which in turn has a rectangular cavity 34. Furthermore, the solenoid core 33 has
a relatively narrow disk-slot 35, and a coil-slot 36 (shown in Fig. 2b). As also
shown in Fig. 3, the rotor 20, in turn comprises a shaft 21, disk 22, and a
plurality of permanent magnets 23a-23h that are placed on it. As shown, the
plurality of permanent magnets 23 have a cross sectional shape, which is adapted
to pass through the cavity 34 of the solenoid core 33. Moreover, the depth of the
disk 22, on which all said permanent magnets 23 are also equi-angularly spaced
and equi-radially placed, is designed to pass through each of said plurality of
disk-slots 35 (see Fig. 2b) of the solenoid cores 33, respectively, in a manner as

shown in Fig. 1.
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As shown in Fig. 1, the permanent magnets 23 are arranged on the rotor disk 22
such that identical poles of any two adjacent magnets face one another,
respectively (i.e., in an S pole facing S pole, N-N, S-S ... arrangement). In one
embodiment, and as shown in Fig. 3, a ferromagnetic (e.g., iron) rod 25 is
disposed between any two adjacent magnets 23. Therefore, the set of all
permanent magnets 23, together with the set of all the ferromagnetic rods 25 in
between adjacent magnets, form a circular ring-type structure which passes
through all the cavities 34 of the set of solenoids 31, respectively, allowing free
rotation of the rotor disk 22, while the ring-type arrangement is continuously

kept within said cavities of the solenoids 34.

The solenoids 31 of the stator 30 are one-turn solenoids in which a single-
conductor line passes through all the plurality of solenoids in a manner as shown
in Figs 4a, 4b, and 4c. Fig. 4a is a top view showing how the conductor 37 forms
all the solenoids 31, while Fig. 4b is a similar view which shows the entire path of
the single conductor 37 alone, while the rest of the motor components (such as
solenoid cores 33, stator base 32, rotor disk 22, etc.) are removed from the figure
for the sake of better clarity. More specifically, the route of the single conductor
37 begins within a coil-slot 36 of a core 33a of first solenoid 31a, going up along
the slot, then above the core 33a in an inward radial direction, then down along
the slot 36a toward the disk 22, then above the disk 22 (while not touching the
disk) towards the second solenoid 31b, then up along slot 36b, then outward in
the radial direction along slot 36b, then downward along the slot, then inward in
a radial direction (not shown in Fig. 4a, but is illustrated in Fig. 4b), then below
the disk 22 toward solenoid 31c, then radially along slot 36¢, then up and
radially inward along the slot 36¢c, etc. The route of the single conductor
continues in this manner along all the plurality of solenoids, and it ends in the
first solenoid 31a. Although not shown in Figs. 4a and 4c, the route of the single
conductor does not form a closed loop, but rather an open structure (as shown in
Fig. 4b) in which two ends 38 of the single conductor 37 are provided next to one

solenoid, for example, next to the first solenoid 31a. The operational current of
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the motor is supplied via said two ends of the single conductor 37. Said "open-
loop" structure of the conductor 37 (as illustrated in Fig. 4b) in fact forms

plurality of single-turn solenoids respectively.

Preferably, the single conductor 37 of the "open-loop" is of a Litz type conductor,
which is made of a plurality of fibers. The open loop structure is fed by DC
current, whose direction changes each time that a permanent magnet passes
cavity 34 of a solenoid core 33 (in fact, a plurality of permanent magnets pass
simultaneously through respective cavities 34 of solenoids 31). One or more Hall-
type sensors 39 are positioned within one or more of the solenoids, respectively,
to sense the time at which a magnet passes the cavity 34, while a respective
sensing signal is conveyed to a controller (not shown), which in turn switches the
direction of the DC current through the conductor each time the center of a
permanent magnet passes through the cavity 34, respectively. It should be noted
that the direction of the DC current has to be accurately timely altered, as
otherwise the rotation of the motor will stop, or will be irregular or inefficient.
The supply of the DC current to the one-turn solenoid in fact pulls the closest
permanent magnet, causes rotation of the disk towards the solenoid, and upon
passing the solenoid, the reversed DC current further pushes the permanent

magnet away from the solenoid. In such a manner the disk 22 is rotated.

It should be noted that the single-turn coils of the solenoids result in a very low
inductance. The low inductance of each of the coils allows them to switch the
direction of the DC current very fast, and at a high frequency. This fact allows

operation of the motor at a very high speed of rotation.

In still another alternative, in addition to using a Litz-type conductor, a

laminate-type core may be used within each of the solenoids.

Fig. 6 shows the coils system of the motor, according to still another embodiment

of the invention. The coils system of Fig. 6 further comprises a secondary coil 51.
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When a necessity arises to cause fast stoppage of the rotation of the motor, the
current supply to the main (one-turn) coils 37 is terminated, while a DC current
is supplied to the secondary coils 51. In contrast to the main (one-turn coils) that
are made of the single conductor 37, the secondary coils may include plurality of

turns.

It has been found that the use of a ferromagnetic rod between any two permanent
magnets at the rotor disk results in an extremely low generation of parasitic
voltage, and this in turn leads to a significant improvement in the efficiency of

the motor compared to prior art motors.

EXAMPLE

Fig. 5 shows a prototype of the motor which was built according to the present
invention. It was found that the motor of the invention can operate with a very
low voltage supply, and high current. In this example, the prototype motor
rotated at a speed of 8000 revolutions per minute, with a current supply of 150A,
and input voltage of approximately 2-5V. It has also been found that the parasitic
voltage generation in the motor of the invention is extremely low, in the order of

20mV. A torque 14Nm per 100 Amps was measured.

While some embodiments of the invention have been described by way of
illustration, it will be apparent that the invention can be carried into practice
with many modifications, variations and adaptations, and with the use of
numerous equivalents or alternative solutions that are within the scope of
persons skilled in the art, without departing from the spirit of the invention or

exceeding the scope of the claims.
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CLAIMS
1. An electric motor comprising:
(A) a rotor which comprises:
a) a co-centric shaft and disk; and
b) a plurality of permanent magnets that are equi-angularly spaced and equi-
radially disposed on a top surface of said disk; and,
(B) a stator which comprises:
c) a plurality of solenoids that are equi-angularly spaced and equi-radially
disposed, each of said solenoids having a solenoid core, which in turn has
a rectangular shape in cross-section, a cavity, and a disk slot; and
d) a coil which is wound over a coil slot positioned at an external surface of
each of said solenoid cores, and wherein said coil alternately passes
between adjacent solenoid cores above and below said disk, respectively;
wherein said rotor disk is positioned within said solenoids disk slots, and said
permanent magnets are arranged such that they can pass through said cavities of

the solenoid cores in a rotational manner, when said rotor disk is rotated.

2. An electric motor according to claim 1, wherein the coils of the solenoids are one-

turn coils.

3. An electric motor according to claim 1, wherein the solenoids are disposed on a

stator base.

4. An electric motor according to claim 1, wherein a ferromagnetic rod is disposed
between any two adjacent permanent magnets of the rotor, thereby to form a close

ring.

5. An electric motor according to claim 1, wherein a DC current whose direction is

alternately reversed is supplied to said coils of the solenoids.

6. An electric motor according to claim 5, further comprising one or more sensors for

sensing the position of the one or more of said permanent magnets relative to said
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solenoids, respectively, and for causing alteration of the direction of the DC current,

respectively.

7. An electric motor according to claim 6, wherein each of said one or more sensors

is a Hall-type sensor.

8. An electric motor according to claim 6, wherein said alterations of the DC current
direction is caused by a controller, and wherein said alterations are timed by a signal

which is received from said one or more sensors.

9. An electric motor according to claim 6, wherein the poles of adjacent permanent
magnets are arranged such that identical poles face one another, in an S-S, N-N, S-

S arrangement.

10. An electric motor according to claim 2, wherein the one-turn coils of the

solenoids are formed by a single conductor which passes through all the solenoids.
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