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LINEAR COMPRESSOR WITH A LINEAR ELECTRIC MOTOR

The invention relates to a linear compressor (1)

with a linear electric motor comprising a stator (2) with a
coil (3) and a mover (4), wherein the mover (4) has a
magnet ring (5) made of a permanent magnet, a yoke (6)

for distributing the magnetic field and a cylinder (7),
wherein a first wave retaining ring (8) is arranged in a
first circular groove (9) in the yoke (6) next to the magnet
ring (5).
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Description
Technical area

[0001] The present invention relates to a linear com-
pressor with a linear electric motor comprising a stator
with a coil and a mover, in particular for a household
appliance.

Prior art

[0002] Several linear compressors with linear electric
motors are known from the prior art.

[0003] US8876497B2 discloses a linear compressor
comprising a cylinder having a compression space for
refrigerant therein, a piston that reciprocates linearly
within the cylinder in an axial direction to compress the
refrigerant, and a frame having a mounting hole so that
one end of the cylinder can be mounted thereon and a
deformation preventing portion in a portion around the
mounting hole that is brought into contact with the one
end of the cylinder. Even if the size of the cylinder is
increased and the size of the frame is limited, the frame
obtains sufficient strength to support the cylinder, thereby
reducing mounting deformations and improving opera-
tional reliability.

[0004] One disadvantage of this linear compressor is
that the linear compressor is subject to strong tempera-
ture changes due to the compression of the coolant,
which can damage the moving parts of the linear com-
pressor. This can shorten the service life of the linear
COMpressor.

[0005] The problem of the present invention is there-
fore to provide a linear compressor with a linear electric
motor which ensures reliable operation even in the event
of severe temperature changes.

Description of the invention

[0006] The invention relates to a linear compressor
with a linear electric motor comprising a stator with a coll
and a mover, wherein the mover has a magnet ring made
of a permanent magnet, a yoke for distributing the mag-
netic field and a cylinder, wherein a first wave retaining
ringis arranged in afirst circular groove in the yoke nextto
the magnet ring.

[0007] The cylinder of the linear compressor can move
along alinear path to minimize friction and reduce energy
loss during motion conversion compared to conventional
compressors. This technology has been successfully
used in cryogenic applications, which can be oil-free.
The linear compressor with valve therefore enables the
use of compact heat exchangers. The linear compressor
can be connected to alternating current, for example by
means of a diode. The cylinder can be spring-loaded and
moved relative to a fixed piston by means of the mover,
which is driven by the linear electric motor. During a
positive cycle of the alternating current, the diode allows
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current to flow through the stator’s electromagnet and
creates a magnetic field which acts on the mover and
consequently moves the cylinder backwards away from
the piston, compressing the spring and consequently
creating suction so that the gas medium or coolant is
drawn into a compression chamber. During a negative
cycle of the alternating current, the diode can block the
current flow to the stator’s electromagnet, which relaxes
the spring, moves the piston forward and compresses the
refrigerant. The compressed refrigerant can then be
discharged via a valve to achieve the desired cooling
effect.

[0008] Thelinear compressor can be used forexample
for refrigerators.

[0009] Thelinear electric motor can have a statorin the
form of a cylindrical coil with further stator segments and
the mover inside the stator.

[0010] The yoke is suitable for distributing the mag-
netic field so that the driving force of the linear electric
motor is amplified.

[0011] The elastic properties of the first wave retaining
ring in the first circular groove in the yoke next to the
magnet ring make it possible to cushion the compressive
forces and compensate for the expansion and contrac-
tion of the components of the mover caused by tempera-
ture changes.

[0012] Advantageously, a second wave retaining ring
can additionally be arranged in a second circular groove
on an outer surface of the cylinder next to afirst side of the
annular yoke.

[0013] The second wave retaining ring in the second
circular groove additionally compensates for the expan-
sions and contractions of the mover’s components
caused by temperature changes using the elastic proper-
ties of the second wave retaining ring.

[0014] Advantageously, the mover comprising the
magnet ring, the yoke and the cylinder can be shaped
with circular symmetry relative to an axis of symmetry of
the mover.

[0015] The circularly symmetrical design relative to the
axis of symmetry of the component of the mover ensures
an even distribution of the frictional forces that occur.
[0016] Advantageously, the magnetring, the yoke and
the cylinder can be made of different materials with
different coefficients of thermal expansion.

[0017] The magnetring can be made of any permanent
magnet, whereby the cylinder can be made of steel. By
choosing different materials with different coefficients of
thermal expansion, correspondingly higher expansions
and contractions of the components of the mover are
caused by temperature changes.

[0018] Advantageously, the first wave retaining ring
and/or the second wave retaining ring can be shaped
and designed with respect to elasticity in such a way that
expansion and/or contraction of the components of the
mover, namely the magnetring, the yoke and the cylinder,
in adirection parallel to the axis of symmetry of the mover,
which are caused by temperature changes and/or by
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different materials with different coefficients of thermal
expansion, are compensated.

[0019] As a result, the expansions and contractions
that occur are reliably compensated for by the arrange-
ment of the first wave retaining ring and/or the second
wave retaining ring.

[0020] Advantageously, the first wave retaining ring
may be arranged and shaped to exert a compressive
force on a wall of the first groove on a first side of the
magnet ring upon movement of the mover in one direction
or to exert a compressive force on the magnet ring upon
movement of the mover in an opposite direction while
transmitting a reaction force to a shoulder of the yoke on
an opposite second side of the magnet ring.

[0021] As a result, forces occurring during the move-
ment of the mover are slightly cushioned by the elastic
effect of the first wave retaining ring, preventing possible
damage to the mover.

[0022] Advantageously, the second wave retaining
ring may be arranged and shaped to exert a compressive
force on a wall of the second groove on a first side of the
yoke upon movement of the mover in one direction or to
exerta compressive force on the yoke upon movement of
the mover in an opposite direction, whereby a reaction
force is transmitted to a shoulder of the cylinder on an
opposite second side of the yoke.

[0023] As a result, forces occurring during the move-
ment of the mover are easily absorbed by the elastic
effect of the additional second wave retaining ring, pre-
venting possible damage to the mover.

[0024] Advantageously, the mover can be designed in
such a way that radial expansions or contractions of the
mover components, namely the magnet ring, the yoke
and the cylinder, caused by temperature changes are
compensated for by radial gaps between the mover
components.

[0025] The radial gaps are therefore dimensioned in
such a way that the radial expansions and contractions of
the components are compensated for by temperature
changes.

[0026] Advantageously, a piston can be arranged in-
side the cylinder, whereby the oscillating movement of
the cylinder relative to the stationary piston compresses a
gas mediumor a coolantin achamber between the piston
and the cylinder and then the compressed gas medium or
coolant is drained through an outlet valve in order to
achieve the desired cooling effect.

[0027] This achieves the desired cooling effect by
draining the compressed coolant via the outlet valve.

Brief description of the drawings

[0028] The invention is explained with reference to the
following drawings:

Fig. 1 a schematic representation of a linear com-
pressor with a linear electric motor;
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Fig.2 an enlarged view of an area from Fig. 1;

Fig. 3  a three-dimensional schematic representation
of the mover in an exploded view;

Fig. 4  a three-dimensional schematic representation
of the mover 4 from Fig. 3 in an assembled
state;

Fig. 5 a schematic representation of the mover from

Fig. 3 in the assembled state in a side view and
a sectional view.

Embodiments

[0029] Fig. 1 shows a schematic representation of a
linear compressor 1 with a linear electric motor compris-
ing a stator 2 with a coil 3 and a mover 4, the mover 4
having a magnet ring 5 made of a permanent magnet, a
yoke 6 for distributing the magnetic field and a cylinder 7,
wherein a first wave retaining ring 8 with an axial wave-
form is arranged in a first circular groove 9 in the yoke 6
next to the magnet ring 5 and a second wave retaining
ring 10 with an axial waveform is arranged in a second
circular groove 11 on an outer surface of the cylinder 7. A
piston 12is arranged inside the cylinder 7, whereby a gas
medium or a coolant is compressed in a chamber 13
between the piston 12 and the cylinder 7 by the oscillating
movement of the cylinder 7 relative to the stationary
piston 12. The circled area 14 is shown enlarged in
Fig. 2. The components of the mover 4, namely the
magnetring 5, the yoke 6 and the cylinder 7, are circularly
symmetrical relative to an axis of symmetry 15 of the
mover 4.

[0030] Fig. 2 shows an enlarged view of the circled
area 14 of Fig. 1. The first wave retaining ring 8 is ar-
ranged and shaped to exert a compressive force on awall
20 of thefirstgroove 9 on afirst side 21 of the magnet ring
5 upon movement of the mover 4 in a first direction, or to
exert a compressive force on the magnet ring 5 upon
movement of the mover 4 in an opposite second direc-
tion, while transmitting a reaction force to a shoulder 22 of
the yoke 6 on an opposite second side 23 of the magnet
ring 5. The second wave retaining ring 10 is arranged and
shaped to exert a compressive force on a wall 24 of the
second groove 11 on a first side 25 of the yoke 6 upon
movement of the mover 4 in one direction or to exert a
compressive force on the yoke 6 upon movement of the
mover 4 in an opposite direction, wherein a reaction force
is transmitted to a shoulder 26 of the cylinder 7 on an
opposite second side 27 of the yoke 6. A first gap 28
between the cylinder 7 and the yoke 6 and a second gap
29 between the yoke 6 and the magnet ring 5 are de-
signed such that radial expansions or contractions of the
components of the mover caused by temperature
changes are compensated.

[0031] Fig. 3 shows a three-dimensional schematic
representation of the mover 4 in an exploded view, com-
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prising the cylinder 7 with the second groove 11, the yoke
6 with the first groove 9, the first wave retaining ring 8, the
magnet ring 5 and the second wave retaining ring 10.

[0032]

Fig. 4 shows the mover 4 from Fig. 3 in an

assembled state, whereby the axial waveform of the first
wave retaining ring 8 and the second wave retaining ring
10 is clearly recognizable.

[0033]

Fig. 5 shows a schematic representation of the

mover 4 of Fig. 3 in the assembled state in a side view and
a sectional view through the plane AA, which is repre-
sented by a line.

List of reference symbols

[0034]

1 linear compressor

2 stator

3 coll

4 mover

5 magnet ring

6 yoke

7 cylinder

8 first wave retaining ring

9 first groove

10 second wave retaining ring

11 second groove

12  piston

13  chamber

14  circled area

15 axis of symmetry

20  wall of the first groove

21 first side of the magnet ring

22 shoulder of the yoke

23  second side of the magnet ring

24  wall of the second groove

25 first side of the yoke

26  shoulder of the cylinder

27  second side of the yoke

28 first gap

29 second gap

Claims

1. Linear compressor (1) with a linear electric motor
comprising a stator (2) with a coil (3) and a mover (4),
wherein the mover (4) has a magnet ring (5) made of
a permanent magnet, a yoke (6) for distributing the
magnetic field and a cylinder (7), wherein a firstwave
retaining ring (8) is arranged in a first circular groove
(9) in the yoke (6) next to the magnet ring (5).

2. Linear compressor (1) according to claim 1, wherein

a second wave retaining ring (10) is additionally
arranged in a second circular groove (11) on an outer
surface of the cylinder (7) next to a first side (25) of
the annular yoke (6).
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3.

Linear compressor (1) according to claim 1 or 2,
wherein the mover (4) comprising the magnet ring
(5), the yoke (6) and the cylinder (7) is shaped with
circular symmetry relative to an axis of symmetry
(15) of the mover (4).

The linear compressor (1) according to any one of
claims 1-3, wherein the magnet ring (5), the yoke (6)
and the cylinder (7) are made of different materials
with different coefficients of thermal expansion.

The linear compressor (1) according to any one of
claims 1-4, wherein the first wave retaining ring (8)
and/or the second wave retaining ring (10) are
shaped and designed with respect to elasticity such
that expansion and/or contraction of the components
of the mover (4), namely the magnet ring (5), the
yoke (6) and the cylinder (7), in a direction parallel to
the axis of symmetry (15) of the mover (4), which are
caused by temperature changes and/or by different
materials with different coefficients of thermal expan-
sion, are compensated.

The linear compressor (1) according to any one of
claims 1-5, wherein the first wave retaining ring (8) is
arranged and shaped to exert a compressive force
on awall (20) of the first groove (9) on afirst side (21)
of the magnet ring (5) upon movement of the mover
(4) in afirst direction or to exert a compressive force
on the magnet ring (5) upon movement of the mover
(4) in an opposite direction, wherein a reaction force
is transmitted to a shoulder (22) of the yoke (6) on an
opposite second side (23) of the magnet ring (5).

The linear compressor (1) according to any one of
claims 1-6, wherein the second wave retaining ring
(10) is arranged and shaped to exert a compressive
force on a wall (24) of the second groove (11) on a
first side (25) of the yoke (6) upon movement of the
mover (4) in one direction or to exert a compressive
force on the yoke (6) upon movement of the mover
(4) in an opposite direction, wherein a reaction force
is transmitted to a shoulder (26) of the cylinder (7) on
an opposite second side (27) of the yoke (6).

Linear compressor (1) according to any one of claims
1-7, wherein the mover (4) is designed such that
radial expansions or contractions of the components
of the mover (4), namely the magnet ring (5), the
yoke (6) and the cylinder (7), caused by temperature
changes are compensated by radial gaps (28, 29)
between the components of the mover (4).

Linear compressor (1) according to any one of claims
1-8, wherein a piston (12) is arranged within the
cylinder (7), wherein a gas medium or a coolant is
compressed by the oscillating movement of the cy-
linder (7) relative to the stationary piston (12) in a
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chamber (13) between the piston (12) and the cylin-
der (7) and subsequently the compressed gas med-
ium or coolant is discharged through an outlet valve
in order to achieve the desired cooling effect.
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