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Description

Field of the invention

[0001] The present invention refers to a linear electric
motor and to a support for mounting the magnets of a
linear electric motor, generally used in hermetic compres-
sors of refrigeration. In particular the invention refers to
a linear electric motor according to the preamble of claim
1.

Background of the invention

[0002] Linear electric motors are well known devices.
In such a motor, there is provided a stationary shell, in
which is mounted a linearly movable member, such as a
shaft or a piston. One of the shell and movable member
has a magnet or a set of magnets mounted to it, and the
other has a coil that receives operating electric current.
Supply of operating electric current to the coil produces
a magnetic field that interacts with the magnet to produce
linear movement of the movable member.
[0003] When applied to hermetic compressors of re-
frigeration, the linear electric motor moves a piston inside
a cylinder to compress the refrigerant gas. At least one
type of these hermetic compressors of refrigeration uses
a linear motor, in which the coil that receives the operating
electric current is fixedly mounted to the shell or block of
the compressor in which the cylinder is formed, and the
magnet or magnets are mounted to the movable member
that carries the piston. A resonant assembly driven by
the linear motor has the function to develop a linear re-
ciprocating movement, resulting in the movement of the
piston inside the cylinder exerting a compression action
on the gas received through a suction valve of the com-
pressor, until the point is reached in which the gas is
discharged to the high pressure side of the compressor.
[0004] In these hermetic compressors of refrigeration,
the magnet or magnets is/are mounted to a support car-
ried by the piston. The construction of the support
presents several technical difficulties, one of these re-
sulting from the fact that the material of the support is
subjected to the magnetic field produced by the coil.
Since the support is movable and exposed to the mag-
netic field, if it is made of a metallic material, for example
stainless steel, the material of the support generates
Foucault currents, causing energy losses.
[0005] The problem of losses due to Foucault currents
is known and solutions have been proposed, such as
those disclosed in US patents 5,642,088, 5,751,075, and
6,097,125. In US patent 6,097,125, a "cylindrical cup"
made of a non-magnetic material is provided to reduce
the effect of losses due to Foucault currents, the cup
having grooves located between its internal and external
walls in which the magnets are mounted. Such structure
is constructively complex and presents high costs with
material for producing the cup shaped support.
[0006] In Patent Abstracts of Japan, vol. 2000, no. 11,

& JP 2000 228855 A there is disclosed a linear electric
motor according to the preamble of claim 1 with support
elements in form of finger plates, in which are mounted
permanent magnets. These support elements carry the
permanent magnets which are retained in grooves pro-
vided therein (fig. 4). The support elements are either
fixed to each other by their respective ends being incor-
porated to a base portion, or they are connected to each
other at their opposite ends by respective connecting el-
ements arranged in a circular configuration. The support
elements are bars connected to each other at their op-
posing ends by a closing ring or by one closing ring and,
at the other ends, by a single piece arrangement.
[0007] By reason of the above, there is a need for pro-
viding a support for a linear electric motor to attach the
magnets of said motor, having low cost and a construc-
tion that minimizes energy losses caused by Foucault
currents. It is also desired the provision of such a magnet
support structure for use in a refrigeration compressor,
in which the piston is linearly reciprocated by the action
of a linear electric motor.

Objects of the invention

[0008] It is an object of the present invention to provide
a support for mounting the magnets to be used in a linear
electric motor, said support using a small quantity of ma-
terial and having such construction as to reduce the en-
ergy losses due to Foucault currents.
[0009] It is another object of the present invention to
provide a support, as cited above, for mounting the mag-
nets used in a linear electric motor that drives the piston
of a hermetic compressor of refrigeration.

Summary of the invention

[0010] These objects are being achieved by a linear
electric motor according to the invention, as defined by
claim 1.
[0011] Advantageous embodiments of the invention
are set forth in the subclaims.
[0012] When electric current is applied to the coil, the
magnetic lines of force react with the permanent magnets
of the toroidal structure to generate a force that produces
linear displacement of the piston, thus resulting in com-
pression of the gas admitted through the suction valve
of the compressor.
The support structure of the present invention uses only
flat plate material and in a small amount for defining the
finger plates, which material can be of a relatively inex-
pensive type and with a configuration that reduces ener-
gy losses due to Foucault currents.

Brief description of the drawings

[0013] The present invention will be described below,
with reference to the attached drawings, in which:
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Figure 1 is a partially cut lateral elevational view of
a hermetic compressor of refrigeration, including a
linear electric motor with a magnet support;
Figure 2 is an upper perspective view of a support
according to the invention, with the magnets mount-
ed thereto; and
Figure 3 is a lower perspective view of the support
considered herein.

Detailed description of the invention

[0014] The present invention will now be described
considering a hermetic compressor of the type as illus-
trated in Figure 1 and in which is illustrated, in a schematic
manner, a magnet support.
[0015] Figure 1 shows a hermetic compressor 10 of
the linear type for small refrigeration systems, having a
hermetic shell 12, inside which is positioned a block 14
mounted to shock absorbers in the form of springs 15.
Block 14 forms a cylinder 16 closed by a valve plate 18
on the cylinder head. A suction valve 20a and a discharge
valve 20b are formed in the valve plate 18. The suction
and discharge valves 20a and 20b control the admission
and discharge of gas in relation to the cylinder. The valves
are covered by a muffler 22 and there is an inlet duct 24
to the suction side of the muffler, and an outlet duct 28
from the discharge chamber of the muffler. The suction
inlet to the hermetic shell 12 is shown at 26 and the outlet
of compressed refrigerant gas from the hermetic shell is
shown at 30.
[0016] The compression of the gas is produced by the
axial movement of a piston 40 inside the cylinder 16.
Piston 40 has a hollow interior and a base flange 42 at
its end opposite to the valve plate 18. Piston 40 is driven
by a linear electric motor actuator, which is formed by a
toroidal shaped coil 50 and by a support 54, to be de-
scribed in details below, and which carries a plurality of
permanent magnets 58 in close proximity to the coil 50.
The coil 50 is fastened to a yoke 52 mounted to the in-
ternal wall of the block 14. The coil 50 extends completely
around the internal wall of the block 14. The support 54
for the magnets 58 is mounted to the base flange 42 of
the piston. A first helical spring 47a is located between
the base flange 42 of the piston and the lower end of the
cylinder 16, while a second helical spring 47b is mounted
between the base flange 42 and the block 14. The helical
springs 47a and 47b are always under compression. The
piston 40, the actuator of the linear electric motor, and
the helical springs 47a and 47b form together a resonant
assembly of the compressor.
Figures 2 and 3 show the details of the support 54 of the
present invention. The support 54 has a circular base
plate or disk 62, which is a flat piece and is shown as
being placed on and affixed to the upper surface of the
base flange 42 of the piston, said fixation being achieved
by welding, gluing or any other fixing means of the plate
to the base flange 42. The base plate 62 is of a material,
such as low carbon stamped steel. The base plate 62

has a central hole 64 to allow the plate to fit around the
piston 40. There are provided a plurality of "L" shaped
finger plates 66, which may or may not be constructed
of the same material as the circular base plate 62 and
which are spaced around the circumference of the latter.
The number of the finger plates 66 basically depends on
the type and size of the magnets 58 to be utilized. Each
finger plate 66 has a short leg 67 attached to the base
plate 62. The short legs 67 are bent by 90° at point 59,
so as to form tabs 65 to be parallel to the base plate 62,
said tabs 65 being firmly attached to the base plate 62
by any suitable process, such as welding. The long legs
68 of the finger plates 66 have their internal edges turned
to the central axis of piston 40, and present two flat sides,
each flat side of one finger plate 66 generally facing the
flat side of the adjacent finger plate 66.
As illustrated, the base: plate 62 and the finger plates 66
of the support are made of a flat plate material. This re-
duces manufacturing costs, since the support elements
can be easily stamped or punched in a sheet of material,
and no special manufacturing is required, such as casting
or molding. Moreover, the solution proposed herein leads
to relatively little waste of material.
A magnet 58, of the permanent type, is mounted between
the flat sides of each pair of two long legs 68 of adjacent
finger plates 66, at the ends of said finger plates 66. A
space is provided between the base plate 62 of the sup-
port and the magnets 58. The magnets 58 are made of
any adequate conventional material and are arcuated in
shape and the assembly of all magnets between the fin-
ger plates 66 around the support forms a toroidal struc-
ture at the ends of the finger plates 66. The mounting of
the magnets 58 to the support can be effected by any
suitable means, for example an epoxy adhesive. The
completed toroid of the magnets 58 and finger plates 66
forms a rigid and stable structure that can be easily
mounted to the piston.
[0017] In a typical arrangement, the diameter of the
base plate of the support is about 65 mm, having 8 finger
plates 66 equally spaced around the base plate and 8
magnets of a ferromagnetic material, such as for exam-
ple, boron or strontium ferrite, the material of the plate
being generally stamped low carbon steel and the thick-
ness of the plate material ranging between 1,5 and 4 mm.
As an alternate arrangement for the magnets, the long
legs 68 of the finger plates 66 can have "U" shaped chan-
nels on the flat sides, and the ends of the magnets can
fit in said channels. As another mounting arrangement,
a magnet 58 can be formed with a channel at each of the
ends thereof and the finger plates 66 inserted in these
channels. In such arrangement, two finger plates 66 can
be provided at one point on the base plate 62.
According to figure 1, the base plate 62 of the support is
mounted to the top face of the base flange 42 of the pis-
ton, such as by welding. The base plate 62 and the finger
plates 66 are of a proper size, such that the toroidal ar-
rangement of the magnets 58 fit in the space defined
between the external wall of the cylinder 16 and the coil
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50. When electric current is applied to the coil 50, the
magnetic field that is produced reacts with the magnets
58 to generate a force that acts through the finger plates
66, the base plate 62, and the base flange 42 of the piston
40, to cause displacement of the latter.
For mounting the support 54 to the piston, according to
the invention the finger plates 66 have bent lower ends
to be connected directly to either the upper or lower sur-
face of the base flange of the piston 40. In this case, there
is not provided a base plate for the support. Also, the
base plate 62 of the support can be connected to the
lower surface of the base flange 42, and the finger plates
66 connected to the base plate 62.
The structure of the magnet support of the invention re-
duces manufacturing costs, since only a small amount
of metal is used in its construction. In the prior art, many
of the magnet supports are continuous, thereby using a
substantial amount of material. The construction of the
invention optimizes the use of material in relation to the
stiffness of the structure that is formed. Also, the structure
of the magnet support of the invention minimizes electric
losses, due to Foucault currents, since only a small
amount of metal is used for the finger plates 66. Since
the structure that supports the magnets is formed from
thin plates arranged aligned to the magnetic field lines
from the coil, the losses due to Foucault currents are
substantially reduced, allowing the use of less noble and
cheaper materials.
While the invention has been described in relation to a
preferred embodiment of the linear electric motor to drive
the piston of a compressor, it should be understood that
the present magnet support can be used in other devices,
in which a shaft or any other mechanism is to be recip-
rocated by the action of a linear electric motor.

Claims

1. Linear electric motor, for driving a movable member
(40) in a reciprocating motion, comprising a coil (50),
which is fixedly mounted and receives electric cur-
rent, and an assembly of permanent magnets (58)
mounted to the movable member, and further com-
prising a support (54) having a plurality of finger
plates (66) and being mounted to the movable mem-
ber (40), and a permanent magnet (58) of arcuate
shape, which is mounted between each pair of ad-
jacent finger plates (66) to form a toroidal assembly
of magnets,
characterized in that

- each finger plate (66) is L-shaped and has a
short leg (67) and a long leg (68),
- each short leg (67) is firmly attached either to
a base plate (62) of the support (54), said base
plate (62) being mounted to said movable mem-
ber (40), or to an upper or lower surface of a
base flange (42) which is mounted to that mov-

able member (40),
- each short leg (67) is further bent so as to form
a tab (65) being parallel and attached to that
base plate (62) or to be connected directly to the
upper or lower surface of the base flange (42),
- the long legs (68) of the finger plates (66) have
internal edges turned to a central axis of the
movable member (40) and present two flat
sides, each flat side of one finger plate (66) gen-
erally facing the flat side of an adjacent finger
plate (66),
- and that a permanent magnet (58) is mounted
between the flat sides, facing each other, of two
long legs (68) of adjacent finger plates (66) at
the ends of that finger plates (66).

2. Linear electric motor as in claim 1, characterized
in that the movable member is a piston (40) of a
compressor.

3. A compressor comprising a linear electric motor as
in claim 2, and further comprising a block (14) with
an internal wall to which the coil (50) is attached and
in which a cylinder (16) is formed, characterized in
that the toroidal assembly of permanent magnets
(68) is positioned and moves linearly between the
external wall of the cylinder (16) and the coil (50).

Patentansprüche

1. Elektrischer Linearmotor zum Antrieb eines beweg-
lichen Gliedes (40) in einer hin- und hergehenden
Bewegung, mit einer Spule (50), die fest montiert ist
und Strom aufnimmt, und mit einer Anordnung von
Permanentmagneten (58), die an dem beweglichen
Glied montiert sind, und ferner mit einem Träger (54),
der eine Vielzahl von Fingerplatten (66) aufweist und
an dem beweglichen Glied (40) montiert ist, und mit
einem Permanentmagneten (58) mit bogenförmiger
Gestalt, welcher zwischen jedem Paar benachbarter
Fingerplatten (66) montiert ist, um eine Ringanord-
nung von Magneten zu bilden,
dadurch gekennzeichnet, daß

- jede Fingerplatte (66) L-förmig ausgebildet ist
und einen kurzen Schenkel (67) sowie einen lan-
gen Schenkel (68) aufweist,
- jeder kurze Schenkel (67) entweder an einer
am beweglichen Glied (40) montierten Basis-
platte (62) des Trägers (54) oder an einer oberen
oder unteren Fläche eines am beweglichen
Glied (40) montierten Basisflansches (42) fest
angebracht ist,
- jeder kurze Schenkel (67) ferner gebogen ist,
um eine Nase (65) zu bilden, die parallel zur
Basisplatte (62) verläuft und an dieser befestigt
ist oder unmittelbar mit der oberen oder unteren
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Fläche des Basisflansches (42) zu verbinden ist,
- die langen Schenkel (68) der Fingerplatten (66)
Innenkanten aufweisen, die einer Mittelachse
des beweglichen Gliedes (40) zugewandt sind
und zwei flache Seiten haben, wobei jede flache
Seite einer Fingerplatte (66) im wesentlichen
der flachen Seite einer benachbarten Finger-
platte (66) zugewandt ist,
- und daß ein Permanentmagnet (58) zwischen
den flachen, einander zugewandten Seiten bei-
der langer Schenkel (68) von benachbarten Fin-
gerplatten (66) an den Enden dieser Fingerplat-
ten (66) montiert ist.

2. Elektrischer Linearmotor nach Anspruch 1, dadurch
gekennzeichnet, daß das bewegliche Glied ein Kol-
ben (40) eines Verdichters ist.

3. Verdichter mit einem elektrischen Linearmotor nach
Anspruch 2 und ferner mit einem Block (14) mit einer
Innenwand, an welcher die Spule (50) angebracht
und in der ein Zylinder (16) ausgebildet ist, dadurch
gekennzeichnet, daß die Ringanordnung von Per-
manentmagneten (68) zwischen der Außenwand
des Zylinders (16) und der Spule (50) angeordnet ist
und sich dazwischen linear bewegt.

Revendications

1. Moteur électrique linéaire, pour entraîner un élément
mobile (40) dans un mouvement alternatif, compre-
nant une bobine (50), qui est montée fixement et
reçoit du courant électrique, et un ensemble
d’aimants permanents (58) monté sur l’élément mo-
bile, et comprenant de plus un support (54) ayant
une pluralité de plaques à doigt (66) et étant monté
sur l’élément mobile (40), et un aimant permanent
(58) de forme arquée, qui est monté entre chaque
paire de plaques à doigt adjacentes (66) pour former
un ensemble toroïdal d’aimants,
caractérisé en ce que :

- chaque plaque à doigt (66) a une forme de L
et présente une petite branche (67) et une gran-
de branche (68),
- chaque petite branche (67) est fixée fermement
soit à une plaque de base (62) du support (54),
ladite plaque de base (62) étant montée sur ledit
élément mobile (40), ou sur une surface supé-
rieure ou inférieure d’un rebord de base (42) qui
est monté sur cet élément mobile (40),
- chaque petite branche (67) est de plus pliée
pour former une patte (65) qui est parallèle et
fixée à cette plaque de base (62) ou être reliée
directement à la surface supérieure ou inférieu-
re du rebord de base (42),
- les grandes branches (68) des plaques à doigt

(66) ont des bords internes tournés vers un axe
central de l’élément mobile (40) et présentent
deux côtés plats, chaque côté plat d’une plaque
à doigt (66) faisant face généralement au côté
plat d’une plaque à doigt adjacente (66), et
- un aimant permanent (58) est monté entre les
côtés plats, se faisant face l’un l’autre, de deux
grandes branches (68) de plaques à doigt adja-
centes (66) au niveau des extrémités de ces pla-
ques à doigt (66).

2. Moteur électrique linéaire de la revendication 1,
caractérisé en ce que l’élément mobile est un pis-
ton (40) d’un compresseur.

3. Compresseur comprenant un moteur électrique li-
néaire de la revendication 2, et comprenant de plus
un bloc (14) avec une paroi interne à laquelle est
fixée la bobine (50) et dans laquelle un cylindre (16)
est formé,
caractérisé en ce que l’ensemble toroïdal
d’aimants permanents (68) est positionné et se dé-
place linéairement entre la paroi externe du cylindre
(16) et la bobine (50).
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