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"DEVICE AND PROCESS FOR MOUNTING PERMANENT MAGNETS IN AN
ELECTRIC MOTOR ROTOR"

Field of the Invention

The present invention refers to a process for mounting permanent magnets in an
electric motor rotor and is intended, more specifically, to hermetic motor-compressor, which
was conceived and developed to provide greater reliability to the assembly, since it is a
technical solution capable of absorbing, more appropriately, the-dimensional variations of the
components involved and allows the use of high speed motor.

Background of the Invention

As is known in the state of art, the electric motors are generally constituted by
stators and rotors that operate with magnetic elements to produce the required torque to its
operation / rotor rotation.

The attached Figures 1.1 and 1.2 illustrate a conventional rotor 1 in which four
magnets 2 are fixed to the metal rotor core 3 by means of an adhesive layer, such
construction being described, for example, in document US 6,339,274. Occurs, however, that

this configuration/assembly shows a serious drawback of limiting the maximum speed that

the rotor can achieve, because the centrifugal fofce, ‘f‘ormed by the rotation of the rotor itself

and by the mass of each magnet, exert ultimately a tensile stress in the adhesive joint which,
in turn, has a breaking point determined by the adhesive or the magnet resistance. Thus, if
the rotation of the rotor provides a load at the adhesion region between the magnet 2 and the
metal core 3 above the limit of material strength in the joint, the adhesive layer 4 or even the
magnet 2 will rupture and hence the magnets 2 will fall off of the metal core 3 and thus
impairing the operation of the motor which can lead to serious damages in the safety of the
motor. It is important to mention that the amount of raw material used for mounting the motor
has a first-order inverse relationship to its rotation. For example, doubling the rotation of the
rotor leads to a 50% decrease in mass of raw material used for mounting it, and maintaining
the same electrical characteristics of the motor. Obviously, the maximum rotation of the
motor has a significant relationship with its cost and thus, it is extremely important to enable
the use of high speed motors.

In an attempt to solve such a problem, the metallic covers 5 have been used as
shown in Figures 2.1 and 2.2 - and described, for example, in document US 5,170,085 -
which are generally made from non-magnetic stainless steel to minimize the electrical losses
in the motor. Therefore, such covers 5 are coupled to the rotor 1 to cover the magnets 2
aiming at increasing the mechanical resistance of the assembly and prevent the detachment
of the two magnets 2, thus allowing the motor to run at high speed.

The main disadvantage of this solution, however, is the need for dimensional

precision of the components involved - specially the magnets 2, since in order to attach the
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cover 5 around the second magnet assembly 2, there must be a difference of dimension
between the components, that is, the outer diameter of magnets mounted on a metal core

and the inner diameter of the cover, compatible with the process used for mounting, for
example by heating the cover, and or cooling the magnets assembly and the inner core or by

5 cold insertion. Thus, it is necessary to use components provided by an accurate production
or use other means of production, in order to adjust the necessary dimensions for the
required mounting, it consequently increases the cost of the solution, as shown in Figures

1.1 and 1.2. The claim that this solution requires a dimensional accuracy refers exclusively to
covers solutions that use solid or non-solid rings. Namely, it is applied to claims 1 to 3 of the

10 document US 5,744,887. To reduce the dimensional precision of the components, it is
possible to design the components involved, so that there is always a gap between the outer
diameter of magnets mounted on the metal core and the inner diameter of the cover, in such

a way as to fill the voids with some type of resin. However it significantly increases the air

gap of the motor, reducing its energy efficiency, as well as requiring mounting devices to

15  ensure the concentricity between the components, and a cost increase derived of the need of

using the resin. Moreover, these covers 2 are typically produced in meta!lic_gla_tqs_ joined

-~ —-- -together by "welding ends, which —{;'éhé‘rat—és" a fransverse segment of the mass and
differentiated thickness that eventually cause difficulties for the assembly mounting, together
with an imbalance in the system during the operation. Another disadvantage of using the

20 metallic cover is that even using non-ferromagnetic materials with high electrical resistivity,
there are eddy currents, which leads to a loss of energy efficiency of the electric motor.

The cover disclosed in the document US 5,744,887 aims to solve the problem of the
dimensional rigidity required by the use of metallic covers, in proposing the use of an long
non-metallic strip disposed over the magnets in the form of overlapping windings, but the

25 overlapping windings incurres in a significantly higher thickness cover that ultimately
compromise the proper functioning and the efficiency of the motor. Moreover, this solution
also has the disadvantage that, although being minimized, yet provide the eddy current
mentioned in the preceding paragraph.

Therefore, it is noted that the current state of art lacks of solutions for mounting the

30 magnets in the metal rotor core without compromising with it, the energy efficiency of the
motor, the balancing and the system safety.

Aims of the invention

Therefore, one aim of this invention is to provide a device and a process for
mounting permanent magnets in electric motor rotors that provides an appropriate mounting

35  of the metal core magnets in the rotor by means of an element of minimal thickness, and also
a geometric configuration that reduces the losses from eddy currents in order to maximize

the energy efficiency of the motor, and not requiring an increased dimensional accuracy
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between the components involved.

Moreover, an other aim of the present invention is to provide a device and process
for mounting permanent magnets in electric motor rotors with easier production and
installation.

Other aim of the present invention is to provide a device and a process for mounting
permanent magnets in electric motor rotors that can be adequately used without covering the
entire surface of the magnets, thus using less raw material for its production and thus
reducing the costs involved.

Summary of the Invention

The above objectives are achieved through a device for mounting permanent
magnet in electric motor rotors, where said motors comprise a rotor composed of a magnet-
coated metal core, characterized by the fact that said device comprises at least one helical
elastic element disposed around the magnets, where the latter must necessarily be suitable
for the resilient mounting in the system and must be a non-magnetic iron material with high
electrical resistivity so as not impairing the electrical efficiency of the motor, and the diameter
of said helical elastic element must be smaller than the outer diameter of the magnet
assembly positioned on the outer surface of the metal core, the ’wiridir'\gs of’ at least one
helical elastic element must maintain visible the portions of the outer surface of the magnet
assembly.

Preferably, at least part of the helical elastic element is mounted in the magnets by
means of its elastic force, through the use of adhesive, fixing elements or end forming, so
that they cooperate with magnets or with the metal core so as to exert a force toward the
attachment of the magnets to the metal core, in opposition to the effect of centrifugal force
when the motor is running. _

In the case of using adhesive for fixing the helical elastic element to the magnets, it
can be preferably applied to the outer surface of the magnets, to be applied to the inner
surface of the helical elastic element, or both, and may be applied only to the ends of helical
elastic element.

The present invention also comprises a process for mounting permanent magnets in
electric motor rotors, which includes the following steps:

- Constructing a helical elastic element with a diameter smaller than the outer
diameter of the magnet assembly positioned on the outer surface of the metal core;

- Elastically expanding the helical elastic element;

- Engaging the helical elastic element around the magnet assembly to enable that
the elastic force of the a helical elastic element causes the latter be rigidly molded to the
outer diameter of the magnet assembly.

Preferably, the said process further comprises the step of mounting the helical
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elastic element with the magnet assembly through the use of adhesive, fixing elements or
end forming of the helical elastic element.

Brief Description of the Drawings

The present invention will be described in more detail below based on the drawings.
The Figures show:

Figures 1.1 and 1.2 - is a perspective view and section of a rotor of the current state
of art;

Figures 2.1 and 2.2 - another embodiment used in the current state of art in the
exploded perspective view of the mounted assembly;

Figure 3 - An exploded perspective view of the device for mounting the permanent
magnets in electric motor rotors of the present invention;

Figure 4 - the device that is the object of the present invention suitably coupled to na
electric motor rotor;

Figures 5.1 and 5.2 - show two possible variants for the mounting process that is

object of the present invention, while Figure 5.1 shows the device anchored in a cutout of the

- magnetic core, while in Figure 5.2, the mounting device is anchored in the space between

the magnets, and

Figure 6 - shows another embodiment ih which the mounting device is fixed to the
magnetic core through a rivet.

Detailed Description of the Invention

The invention will now be described in detail based on the drawings, to which
numerical references will be allocated in order to facilitate its understanding.

Initially it is clear that the device for mounting the permanent magnets in electric
motor rotors, which is the object of the present invention, is destined, primarily, to the use in
electric motor comprising a rotor 1 composed of a magnet-coated (3) metal core (2).

As can best be seen in Figures 3 and 4, the preferential embodiment of the
invention, the device for mounting the permanent magnets in electric motor rotors comprises
a helical elastic element 6 disposed around the magnets 3, and preferably the diameter of
the helical elastic element 6 is, significantly or not, smaller than the outer diameter of the
magnet assembly 3, which are positioned over the outer surface of the metal core 2.
Furthermore, the paces between the windings of the helical elastic element 6 are distant from
each other by a distance d so as to maintain visible the portions of the outer surface of the
magnet (3) assembly.

With the proposed embodiment, the element 6 - which has been made by a metallic
cover 5 in the current state of art - and aims to increase the mechanical resistance of
mounting the magnet assembly 3, has the shape of a flat helix winding coil which can

elastically deform and "copy" the external dimension of the rotor 1.
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For mounting the elastic element 6 in the magnets 3, it is elastically opened until it
reaches a diameter greater than the rotor 2 / magneto 3 for then be released and positioned
on the assembly. The elasticity of the elastic element 6 provides it with the capacity to mold
itself to the outer diameter of the magnets 3 at a magnitude of diameter variation of at least

5 one order of magnitude higher than the resolution of cover-piece 5 shown in Figures 2.1 and
2.2 - namely, the winding constant of the elastic element 6 in the form of winding coils leads
to a firmly compression of their windings against the magnets 3 independently of their
dimensional variation, thus eliminating the remaining voids between the parts that currently
requires to be filled with resin or similar materials.

10 Therefore, the residual stress in the elastic element 6 due to the differential di-
mension in respect to its original state is sufficient to keep it in position and, possibly,
sufficient to ensure the mechanical resistance required for the functioning of the motor,
depending on the rigidity of said helical elastic element 6.

It should be noted that the preferred proposed embodiment aims, basically, to

15 increase the mounting resistance of the magnets 3 to the centrifugal force. However, if a

more robust mounting is identified, the following options for mounting can be used:  _

1 - Use of adhesive. One can apply adhesive onto the outer surface of the magnets
3, onto the surface of the internal helical elastic element 6, or both. The adhesive may be
applied over the entire inner surface of the helical elastic element 6 or only the two ends 61
20 thereof into an area sufficient sufficient to ensure the mechanical resistance required for the
mounting the magnets 3. It should be noted that the process of applying the adhesive can be
manual, automatic, or chemically applied to the elastic element 6, a process is a similar to
that applied in enameled wires, called "thermal cementable”.
2 - Mechanical Fixing. The mechanical mounting of the helical elastic element 6 can
25 be guaranteed by any attachment elements intended to constitute latches at its ends with a
mechanical solution comprised of screw, rivet or like elements, or even by a end forming 61
of the elastic element 6 , as a hook-shaped form, for example. The important thing is to
ensure that the elastic element 6 is rigidly mounted in the rotor core 1. Such constructive
alternatives are shown in Figures 5.1, 5.2 and 6 attached, and it is important to emphasize
30 that these can optionally use adhesive as auxiliary resources for mounting.
The present invention also comprises a process for mounting permanent magnets in
electric motor rotors, which comprises the following steps:
- constructing the helical elastic element with a diameter smaller than the outer
diameter of the magnet assembly (3) positioned on the outer surface of the metal core;
35 - elastically expanding the helical elastic element;
- engaging the helical elastic element around the magnet assembly to enable that

the elastic force of the helical elastic element causes the latter be rigidly molded to the outer
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diameter of the magnet assembly.

Preferably, the said process further comprises the step of mounting the helical
elastic element 6 with the magnet assembly 3 through the use of adhesive, fixing elements or
end forming 61 of the helical elastic element 6.

it is noteworthy that although the preferred embodiments for mounting have been
shown in the present invention, it is understood that any omissions, substitutions and
constructive alterations can be made by a person skilled in the art without moving apart from
the spirit and scope of the claimed protection. It is also expressly stated that all combinations
of those elements that substantially perform the same function in the same way to achieve
the same results are within the scope of the invention. Substitutions of elements of a type

described by others are also fully intended and contemplated.
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CLAIMS

1. Device for mounting permanent magnets in an electric motor rotor, which said
motor comprises a rotor (1) composed of a magnet-coated (3) metal core (2),
CARACTERIZED by the fact that said device comprises at least a helical elastic element (6)
arranged around the magnet (3), and

- the diameter of said at least one helical elastic element (6) is smaller than the outer
diameter of the magnet (3) assembly positioned on the outer surface of the metal core (2);

- the paces between the windings of at least one helical elastic element (6) are
distant from each other so as to maintain visible the portions of the outer surface of the
magnet (3) assembly. ‘

2. Device according to claim 1, CARACTERIZED by the fact that at least one helical
elastic element (6) is fixed to the magnet (3) through their elastic force.

3. Device according to claim 1, CARACTERIZED by the fact that at least one helical
elastic element (6) is fixed to the magnet (3) through the use of an adhesive material.

4. Device according to claim 3, CARACTERIZED by the fact that at least the

adhesive material for mounting between at least one helical elastic element (6) and the _

'naw—a"ghét -(3) asse-n}bh_/ is épplied onto the outer surface of the magnet (3).

5. Device according to claim 3, CARACTERIZED by the fact that the adhesive
material for mounting between at least one helical elastic element (6) and the magnet (3)
assembly is applied onto the inner surface of at least one helical elastic element (6).

6. Device according to claim 3, CARACTERIZED by the fact that the adhesive
material for mounting between at least one helical elastic element (6) and the magnet (3)
assembly is applied to the ends (61) of at least one helical elastic element (6 .)

7. Device according to claim 1, CARACTERIZED by the fact that at least one helical
elastic element (6) is fixed to the magnet (3) by means of fixing elements.

8. Device according to claim 1, CARACTERIZED by the fact that at least one helical
elastic element (6) is fixed to the magnet (3) by end forming (61) so that they cooperate with
the magnet (3) or the metal core (2).

9. Process for mounting permanent magnets in an electric motor rotor, which said
motor comprises a rotor (1) composed of a magnet-coated (3) metal core (2),
CARACTERIZED by the fact that said process comprises the following steps:

- construct a helical elastic element (6) with a diameter smaller than the outer
diameter of the magnet (3) assembly positioned on the outer surface of the metal core (2);

- elastically expanding the helical elastic element (6);

- engaging the helical elastic element (6) around the magnet (3) assembly to enable
that the elastic force of the a helical elastic element (6) causes the latter be rigidly molded to

the outer diameter of the magnet assembily (3).
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10. Process according to claim 9, CARACTERIZED by the fact that it further
comprises the step of mounting the helical elastic element (6) in the magnet (3) assembly by

adhesive, fixing elements or end forming (61) of the helical elastic element (6).



