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Description

Field of the Invention

[0001] The present invention refers, in general, to a
constructive arrangement for a resonant compressor of
the type driven by a linear motor to be applied in refrig-
eration systems and which presents a piston reciprocat-
ing inside a cylinder.

Background of the Invention

[0002] Inareciprocating compressordriven by alinear
motor, the gas suction and gas compression operations
are performed by the reciprocating axial movements of
the piston inside a cylinder, which is closed by a cylinder
head and mounted within a hermetic shell, in the cylinder
head being positioned the suction and discharge valves
that control the admission and discharge of the gas in
relation to the cylinder. The piston is driven by an actu-
ating means that supports magnetic components driven
by a linear motor affixed to the shell of the compressor.
A linear compressor having a resonant arrangement as
defined in the pre-characterizing portion of claim 1 is
known e.g. from document EP 0 909 895 A.

[0003] In some constructions, the piston is mounted
against a resonant spring means in the form of an as-
sembly of flat springs, affixed to the hermetic shell of the
compressor to operate as guides to the axial displace-
ment of the piston and make the whole assembly act
resonantly in a predetermined frequency, allowing the
linear motor to be adequately dimensioned to continu-
ously supply energy to the compressor upon operation.
[0004] The piston is mounted against the spring as-
sembly through a flexible rod, said spring assembly is
rigidly mounted against the cylinder, and the piston, the
actuator, the magnetic component, the flexible rod, and
the assembly of flat springs form together the resonant
assembly of the compressor.

[0005] In this construction, the piston is mounted
against an assembly of flat springs made of a spring steel
plate, through a flexible rod that has the function to neu-
tralize the forces resulting from errors occurred during
production and assembly of the parts, in order not to
transmit said forces in their totality to the piston, avoiding
the wear of said piston in relation to the cylinder.
[0006] This construction presents some disadvantag-
es, such as the need to have a flexible rod to neutralize
the forces resulting from the errors occurred during pro-
duction and assembly of the parts. This flexible rod is
also a relatively difficult component to be obtained, since
it must be produced with special materials. Furthermore,
such flat springs are very expensive, as they require very
sophisticated cutting and finishing processes.

[0007] Inanother known construction, the assembly of
flat springs is replaced by a system of helical springs, in
which a first helical spring is mounted between the actu-
ating means and the cylinder, and a second helical spring
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is mounted between the actuating means and the shell
of the compressor and, in this construction, the resonant
assembly of the compressor is formed by the piston, the
actuating means, the magnet, and the helical springs.
[0008] This construction also presents disadvantages,
such as requiring a compressor with larger dimensions,
as a function of the need to use a pair of helical springs,
which cannot be properly affixed to be submitted to trac-
tion forces.

[0009] Moreover, the helical springs have the charac-
teristic of generating eccentric and shearing forces on
the surfaces on which they are seated, provoking forces
on the bearings of the piston of the compressor, gener-
ating noise and wear and reducing the life of the com-
pressor.

Objects of the Invention

[0010] Thus, itis an object of the present invention to
provide a resonant system for a linear compressor, pre-
senting an easy and reliable assembly and fixation, which
allows said resonant system to be submitted to traction
and compressive forces during operation of the compres-
sor, without losing the positioning in relation to the parts
to which it is affixed, and which does not present radial
and lateral force components during the movement of
the piston that may result in radial forces to the piston.
[0011] A further object of the present invention is to
provide a resonant system of low cost and which dis-
penses the use of the flexible rod and of the flat or helical
springs.

Summary of the Invention

[0012] These and other objectives are achieved
through a resonant arrangement for a linear compressor,
comprising a non-resonant assembly formed by a motor
and a cylinder; a resonant assembly formed by a piston
reciprocating inside the cylinder; an actuating means op-
eratively coupling the piston to the motor, and at least
one spring means presenting an elongated tubular body,
coaxial to the axis of the piston, and which is operatively
coupled to the actuating means and to the non-resonant
assembly, said tubular body having at least part of the
extension thereof folded in circumferential sectors, each
circumferential sector being elastically deformed in the
axial direction upon the displacement of the piston.

Brief Description of the Drawings

[0013] The invention will be described below, with ref-
erence to the enclosed drawings, in which:

Figure 1 is a schematic longitudinal diametrical sec-
tional view of a hermetic compressor of the type driv-
en by a linear motor and presenting a resonant
means, constructed according to the prior art;

Figure 2 is a schematic longitudinal diametrical sec-
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tional view of a hermetic compressor of the type driv-
en by a linear motor and presenting another con-
struction for the resonant means of the prior art;
Figure 3 is a schematic longitudinal diametrical sec-
tional view of a hermetic compressor of the type driv-
en by a linear motor and presenting a resonant
means constructed according to the present inven-
tion;

Figure 4 illustrate, schematically, the compressor
shown in figure 3, in a constructive variation of the
present invention;

Figure 5 is a schematic lateral view of the resonant
means of the present invention; and

Figure 6 is a schematic perspective view of the res-
onant means of the present invention illustrated in
figure 5.

Description of the lllustrated Embodiments

[0014] The present invention will be described in rela-
tion to a reciprocating compressor driven by a linear mo-
tor of the type used in refrigeration systems and compris-
ing a motor-compressor assembly, including a non-res-
onant assembly formed by a linear motor and a cylinder
1, and a resonant assembly formed by a piston 2 recip-
rocating inside the cylinder 1, and an actuating means
3, external to the cylinder 1 and carrying a magnet 4 that
is axially impelled upon energization of the linear motor,
said actuating means 3 operatively coupling the piston 2
to the linear motor.

[0015] Accordingtothe priorartconstructionillustrated
in figures 1 and 2, the components mentioned above are
mounted inside a hermetic shell 10.

[0016] Asillustrated in the enclosed figures, the linear
motor is mounted around the cylinder 1 and the piston 2
and comprises a stack of internal laminations 5 with a
coil 6 inserted therein, and a stack of external laminations
7.

[0017] In the construction illustrated in figures 1 and
2, the compressor also includes conventional resonant
spring means, mounted in constant compression to the
resonant assembly and to the non-resonant assembly,
and which are elastically axially deformable in the dis-
placement direction of the piston 2.

[0018] In the construction of figure 1, the compressor
comprises a spring means, in the form of an assembly
of flat springs 10 made of a spring steel plate and to which
is mounted the piston 2 through a flexible rod 8.

[0019] In the embodiment of figure 2, the compressor
comprises a pair of spring means, for example a pair of
helical springs 20, a first helical spring 20 mounted be-
tween the actuating means 3 and the cylinder 1, and a
second helical spring 20 mounted between said actuating
means 3 and the shell 10 of the compressor.

[0020] According to the illustrations, the cylinder 1 has
an end closed by a valve plate 30, provided with a suction
valve 31 and a discharge valve 32, which allows the se-
lective fluid communication between a compression

10

15

20

25

30

35

40

45

50

55

chamber 9 defined between a top portion of the piston 2
and the valve plate 30 and respective internal portions
of a cylinder head 40 that are respectively maintained in
fluid communication with the low and high pressure sides
of the refrigeration system to which the compressor is
coupled.

[0021] These constructions present the disadvantag-
es discussed above.

[0022] According to the present invention, the prior art
disadvantages are avoided with a resonant arrangement
foralinear compressor that comprises at least one spring
means presenting an elongated tubular body 50, which
is coaxial to the axis of the piston 2 and has an end 51
operatively coupled to the actuating means 3, and an
opposite end 52 operatively coupled to the non-resonant
assembly, said tubular body 50 having at least part of its
extension folded in circumferential sectors 53 that are
symmetric in relation to the axis of said tubular body 50,
and for example, orthogonal to the axis of the piston 2,
each circumferential sector 53 being elastically deformed
in the axial direction upon the displacement of piston 2.
[0023] According to a way of carrying out the present
invention, the circumferential sectors 53 present the
same cross section profile, for example a substantially
"V" shaped profile, such as illustrated in figure 5, or a
substantially "U" shaped profile.

[0024] In the construction illustrated in which the cir-
cumferential sector 53 has a "V" shaped profile, the elas-
tic deformation of each said circumferential sector 53 up-
on displacement of the piston occurs by variation of its
respective dihedral angle.

[0025] Although in the illustrated constructive alterna-
tive the circumferential sectors 53 present the same di-
hedral angle, it should be understood that the solutions
in which the circumferential sectors 53 present different
cross section profiles along the longitudinal extension of
the tubular body 50 and different dihedral angles to said
circumferential sectors 53 are also possible.

[0026] According to a way of carrying out the present
invention, the tubular body is hollow, allowing for the fluid
communication between the compression chamber 9
and the interior of the shell 10, which in this case is of
the conventional hermetic type.

[0027] In the embodiment of the invention, as illustrat-
ed, the tubular body 50 presents a non-hollow lateral sur-
face 54. In this case, since an end 51 of the tubular body
50 is hermetically affixed to the cylinder 1, and the op-
posite end 52 is hermetically affixed to the actuating
means 3, said tubular body 50 blocks the fluid commu-
nication between the compression chamber 9 and the
exterior of cylinder 1 through gaps existing between the
piston 2 and the cylinder 1. In this construction, the shell
of the compressor, if provided, does not need to be her-
metic, since the sealing between the compression cham-
ber 9 and the interior of said shell is obtained by the tu-
bular body 50.

[0028] According to the illustration in figure 3, the com-
pressor further presents another spring means in the
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form of a tubular body 50, having an end 51 affixed to
the actuating means 3, and the other end 52 affixed to
the shell 10. The fixation of each of the ends 51, 52 of
each tubular body 50 to the respective parts defined by
the cylinder 1, the actuating means 3, and the shell 10
is achieved for example, by one of the processes of weld-
ing, gluing or screwing.

[0029] In aform of executing the invention, each of the
ends 51, 52 of each tubular body 50 is defined by a re-
spective tubular extension not presenting the circumfer-
ential sectors 53 and which is dimensioned to provide a
fitting to the respective part to which it is affixed. However,
other constructive forms forsaid ends 51, 52 are possible,
such as radial projections to be orthogonally affixed to
the axis of the piston 2.

[0030] In the illustrated construction, each part to
which is affixed an adjacent end 51, 52 of the tubular
body 50 is provided with at least one circumferential tooth
that is coaxial to the axis of the piston 2 in order to fit said
respective end 51, 52.

[0031] According to the illustrations in figure 3, a lower
end portion of the cylinder 1 is provided with an annular
cutting 1a, which defines the tooth for the fixation of an
adjacent end 51 of the tubular body 50, and the actuating
means 3 is provided with a first annular tooth 3a facing
the cylinder 1 and securing the other end 52 of the tubular
body 50.

[0032] In the construction presenting two spring
means, such as illustrated in figure 4, the actuating
means 3 is further provided with a second annular tooth
3b, facing a lower portion of the shell 10 in order to affix
an end 51 of other tubular body 50. In this construction,
the shell 10 presents a respective annular salience,
which is coaxial and aligned in relation to the second
tooth 3b of the actuating means 3 that secures the other
end 52 of the tubular body 50. In the illustrated construc-
tions, the circumferential teeth are continuous, coaxial
and axially aligned to each other.

Claims

1. A resonant arrangement for a linear compressor,
comprising a non-resonant assembly formed by a
motor and a cylinder (1); a resonant assembly
formed by a piston (2) reciprocating inside the cylin-
der (1); an actuating means (3) operatively coupling
the piston (2) to the motor, and at least one spring
means, mounted to the resonant assembly and
which is elastically and axially deformed toward the
displacement of the piston (2), characterized in that
the spring means presents an elongated tubular
body (50), which is coaxial in relation to the axis of
the piston (2) and has and end (51) operatively cou-
pled to the actuating means (3) and an opposite end
(52) operatively coupled to the non-resonant assem-
bly, said tubular body (50) having at least part of the
extension thereof folded in circumferential sectors
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10.

11.

(53) that are symmetric in relation to the axis of said
tubular body (50), each circumferential sector (53)
being elastically deformed in the axial direction upon
displacement of the piston (2).

The resonant arrangement according to claim 1,
characterized in that the circumferential sectors
(53) present the same cross section profile.

The resonant arrangement according to claim 2,
characterized in that each circumferential sector
(53) presents a substantially "V" shaped profile, each
circumferential sector (53) being elastically de-
formed by variation of its respective dihedral angle.

The resonant arrangement according to claim 3,
characterized in that the circumferential sectors
(53) present the same dihedral angle.

The resonant arrangement according to claim 1,
characterized in that the circumferential sectors
(53) are orthogonal to the longitudinal axis of the
tubular body (50).

The resonant arrangement according to claim 1,
characterized in that the tubular body (50) presents
a non-hollow lateral surface (54).

The resonant arrangement according to claim 1,
characterized in that the fixation of each end (51,
52) to the adjacent part defined by the cylinder (1)
and the actuating means (3) is obtained by one of
the processes of welding, gluing and screwing.

The resonant arrangement according to claim 7,
characterized in that each one of the ends (51, 52)
of the tubular body (50) is defined by a respective
tubular extension not presenting the circumferential
sectors (53) and dimensioned to provide a fitting to
the respective part to which it is affixed.

The resonant arrangement according to claim 8,
characterized in that each part to which is affixed
an adjacent end (51, 52) of the tubular body (50) is
provided with at least one circumferential tooth (la,
3a, 3b, 10a) which is coaxial to the axis of the piston
(1) for fitting said respective end (51, 52).

The resonant arrangement according to claim 9,
characterized in that each circumferential tooth (la,
3a, 3b, 10a) is continuous.

The resonant arrangement according to claim 6, in
which the cylinder (1) is closed by a cylinder head
(30) defining between a top portion of the piston (2)
and said cylinder head (30) a compression chamber
(9), characterized in that the tubular body (50) has
an end (51) hermetically affixed to the cylinder (1)
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and the opposite end (52) hermetically affixed to the
actuating means (3), in order to block the fluid com-
munication between the compression chamber (9)
and the exterior of the cylinder (1) through gaps ex-
isting between the piston (2) and the cylinder (1).

The resonant arrangement according to claim 1, in
which the hermetic compressor comprises a hermet-
ic shell (10), inside which are mounted the resonant
and the non-resonant assemblies, characterized in
that it comprises another spring means in the form
of a tubular body (50) having an end (51) affixed to
the actuating means (3) and the other end (52) af-
fixed to the shell (10).

Patentanspriiche

1.

Resonanzanordnung fiir einen Linearverdichter, mit
einer nicht an der Resonanz teilnehmenden Bau-
gruppe, die durch einen Motor und einen Zylinder
(1) gebildet wird, mit einer Resonanzbaugruppe, die
durch einen im Inneren des Zylinders (1) hin- und
herlaufenden Kolben (2) gebildet wird, mit einer Be-
tatigungseinrichtung (3), die den Kolben (2) betatig-
bar mit dem Motor verbindet, und mit mindestens
einer Federeinrichtung, die an der Resonanzbau-
gruppe montiert ist und in Richtung der Verschie-
bung des Kolbens (2) elastisch und axial verformt
wird, dadurch gekennzeichnet, daB die Federein-
richtung einen langgestreckten rohrférmigen Kérper
(50) aufweist, der koaxial zur Achse des Kolbens (2)
verlauft und dessen eines Ende (51) betatigbar mit
der Betatigungseinrichtung (3) und dessen gegen-
Uberliegendes Ende (52) betatigbar mit der nicht an
der Resonanz teilnehmenden Baugruppe gekoppelt
ist, wobei der rohférmige Kérper (50) zumindest Giber
einen Teil seiner Erstreckung in entlang dem Um-
fang verlaufende Sektoren (53) gefaltet ist, die sym-
metrisch zur Achse des rohrférmigen Kérpers (50)
liegen, wobei jeder in Umfangsrichtung verlaufende
Sektor (53) bei einer Verschiebung des Kolbens (2)
elastisch in axialer Richtung verformt wird.

Resonanzanordnung nach Anspruch 1, dadurch
gekennzeichnet, daB die in Umfangsrichtung ver-
laufenden Sektoren (53) das gleiche Querschnitts-
profil haben.

Resonanzanordnung nach Anspruch 2, dadurch
gekennzeichnet, daB jeder in Umfangsrichtung
verlaufende Sektor (53) ein im wesentlichen "V"-for-
miges Profil aufweist, wobei jeder in Umfangsrich-
tung verlaufende Sektor (53) durch Anderung seines
Dihedralwinkels elastisch verformt wird.

Resonanzanordnung nach Anspruch 3, dadurch
gekennzeichnet, daB die in Umfangsrichtung ver-
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10.

11.

12.

laufenden Sektoren (53) den gleichen Dihedralwin-
kel aufweisen.

Resonanzanordnung nach Anspruch 1, dadurch
gekennzeichnet, daB die in Umfangsrichtung ver-
laufenden Sektoren (53) senkrecht zur Langsachse
des rohrférmigen Kérpers (50) verlaufen.

Resonanzanordnung nach Anspruch 1, dadurch
gekennzeichnet, daB der rohrférmige Korper (50)
eine nicht-hohle Seitenflache (54) aufweist.

Resonanzanordnung nach Anspruch 1, dadurch
gekennzeichnet, daB die Befestigung jedes Endes
(51, 52) am benachbarten Teil, das durch den Zylin-
der (1) und die Betatigungseinrichtung (3) festgelegt
ist, durch eines der Verfahren: Schweil3en, Kleben
und Schrauben erhalten wird.

Resonanzanordnung nach Anspruch 7, dadurch
gekennzeichnet, daB jedes der Enden (51, 52) des
rohrférmigen Korpers (50) durch eine entsprechen-
de rohrférmige Erweiterung festgelegt ist, die nicht
die in Umfangsrichtung verlaufenden Sektoren (53)
aufweist und so bemessen ist, dal® sie ein
Anschluf3stlick zum entsprechenden Teil, an dem
es befestigt werden soll, bereitstellt.

Resonanzanordnung nach Anspruch 8, dadurch
gekennzeichnet, daB jedes Teil, an dem ein be-
nachbartes Ende (51, 52) des rohrférmigen Kérpers
(50) befestigt ist, mit mindestens einem in Umfangs-
richtung verlaufenden Absatz (1a, 3a, 3b, 10a) ver-
sehenist, der koaxial zur Achse des Kolbens (1) zum
Anschlief3en des jeweiligen Endes (51, 52) verlauft.

Resonanzanordnung nach Anspruch 9, dadurch
gekennzeichnet, daB jeder in Umfangsrichtung
verlaufende Absatz (1a, 3a, 3b, 10a) durchgangig
ausgebildet ist.

Resonanzanordnung nach Anspruch 6, bei welcher
der Zylinder (1) durch einen Zylinderkopf (30) ver-
schlossen ist, der zwischen einem oberen Abschnitt
des Kolbens (2) und dem Zylinderkopf (30) eine
Kompressionskammer (9) festlegt, dadurch ge-
kennzeichnet, daB der rohrférmige Kérper (50) mit
einem Ende (51) hermetisch dicht am Zylinder (1)
und mit seinem gegeniberliegenden Ende (52) her-
metisch dicht an der Betatigungseinrichtung (3) be-
festigt ist, um die zwischen der Kompressionskam-
mer (9) und der AuRRenseite des Zylinders (1) durch
Zwischenraume zwischen dem Kolben (2) und dem
Zylinder (1) bestehende Fluidverbindung zu blokkie-
ren.

Resonanzanordnung nach Anspruch 1, bei welcher
der hermetische Verdichter ein hermetisches Ge-
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hause (10) aufweist, in dessen Innerem die Reso-
nanz- und die nicht an der Resonanz teilnehmenden
Baugruppen montiert sind, wobei die Anordnung da-
durch gekennzeichnetist, daB sie eine weitere Fe-
dereinrichtung in Form eines rohrférmigen Korpers
(50) aufweist, dessen eines Ende (51) an der Beta-
tigungseinrichtung (3) und dessen anderes Ende
(52) am Gehause (10) befestigt ist.

Revendications

Agencement résonnant destiné a un compresseur
linéaire, comprenant un ensemble non résonnant
formé par un moteur et un cylindre (1), un ensemble
résonnant formé par un piston (2) effectuant un mou-
vement de va-et-vient a I'intérieur du cylindre (1), un
moyen d’actionnement (3) couplant de fagon fonc-
tionnelle le piston (2) au moteur, et au moins un
moyen de ressort, monté sur 'ensemble résonnant
et qui est déformé élastiquement et axialement en
direction du déplacement du piston (2), caractérisé
en ce que le moyen de ressort présente un corps
tubulaire allongé (50), qui est coaxial par rapport a
I'axe du piston (2) et comporte une extrémité (51)
couplée de fagon fonctionnelle au moyen d’action-
nement (3) et une extrémité opposée (52) couplée
de fagon fonctionnelle a 'ensemble non résonnant,
ledit corps tubulaire (50) ayant au moins une partie
du prolongement de celui-ci pliée en secteurs cir-
conférentiels (53) qui sont symétriques par rapport
a l'axe dudit corps tubulaire (50), chaque secteur
circonférentiel (53) étant déformé élastiquement
dans la direction axiale lors du déplacement du pis-
ton (2).

Agencement résonnant selon la revendication 1, ca-
ractérisé en ce que les secteurs circonférentiels
(53) présentent le méme profil en section transver-
sale.

Agencement résonnant selon la revendication 2, ca-
ractérisé en ce que chaque secteur circonférentiel
(53) présente un profil pratiquement en forme de "V",
chaque secteur circonférentiel (53) étant élastique-
ment déformé par la variation de son angle diédre
respectif.

Agencement résonnant selon la revendication 3, ca-
ractérisé en ce que les secteurs circonférentiels
(53) présentent le méme angle diédre.

Agencement résonnant selon la revendication 1, ca-
ractérisé en ce que les secteurs circonférentiels
(53) sont orthogonaux a I'axe longitudinal du corps
tubulaire (50).

Agencement résonnant selon la revendication 1, ca-
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10.

11.

12.

ractérisé en ce que le corps tubulaire (50) présente
une surface latérale non creuse (54).

Agencement résonnant selon la revendication 1, ca-
ractérisé en ce que la fixation de chaque extrémité
(51, 52) a la partie adjacente définie par le cylindre
(1) et le moyen d’actionnement (3) est obtenue par
I'un des processus tels que le soudage, le collage
et le vissage.

Agencementrésonnant selon larevendication 7, ca-
ractérisé en ce que chacune des extrémités (51,
52) du corps tubulaire (50) est définie par un prolon-
gementtubulaire respectif ne présentant pas les sec-
teurs circonférentiels (53) et dimensionnée pour
fournir un raccord a la partie respective a laquelle
elle est fixée.

Agencementrésonnant selon la revendication 8, ca-
ractérisé en ce que chaque partie a laquelle est
fixée une extrémité adjacente (51, 52) du corps tu-
bulaire (50) est munie d’au moins une dent circon-
férentielle (la, 3a, 3b, 10a) qui est coaxiale par rap-
port a I'axe du piston (1) afin d’adapter ladite extré-
mité respective (51, 52).

Agencement résonnant selon la revendication 9, ca-
ractérisé en ce que chaque dent circonférentielle
(la, 3a, 3b, 10a) est continue.

Agencement résonnant selon la revendication 6,
dans lequel le cylindre (1) est fermé par une téte de
cylindre (30) définissant entre une partie supérieure
du piston (2) et ladite téte de cylindre (30) une cham-
bre de compression (9), caractérisé en ce que le
corps tubulaire (50) comporte une extrémité (51)
fixée de fagon hermétique au cylindre (1) et I'extré-
mité opposée (52) fixée hermétiquement au moyen
d’actionnement (3), de maniére a bloquer la commu-
nication de fluide entre la chambre de compression
(9) et I'extrémité du cylindre (1) par l'intermédiaire
d’espacements existant entre le piston (2) et le cy-
lindre (1).

Agencement résonnant selon la revendication 1,
dans lequel le compresseur hermétique comprend
une coque hermétique (10), a l'intérieur de laquelle
sontmontés I'ensemble résonnantet!’'ensemble non
résonnant, caractérisé en ce qu’il comprend un
autre moyen de ressort sous la forme d’un corps
tubulaire (50) ayant une extrémité (51) fixée au
moyen d’actionnement (3) et 'autre extrémité (52)
fixée a la coque (10).
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