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(54) LINEAR ACTUATOR, COMPRESSOR, PUMP, AND HOUSEHOLD APPLIANCE

(57) Disclosed is a linear actuator 1 comprising a
stator 10 comprising a plurality of core elements 11,
11a, 11b, a magnet component 20 spaced apart from
the stator, and a yoke 30, which are adapted to generate,
in consequence of alternating electric power input, an
alternating magnetic flux producing a linearly reciprocat-
ing motion of the magnet component 20 relative to the

stator 10. Therein, the yoke 30 is coupled to the magnet
component 20.

Further disclosed are a pump and a compressor 100
respectively comprising such linear actuator 1, and a
household appliance comprising such pump and/or such
compressor.
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Description

[0001] The present invention concerns a linear actua-
tor, a compressor comprising such linear actuator, a
pump comprising such linear actuator, and a household
appliance including such compressor and/or pump.
[0002] Linear actuators are machine components
which produce a usually reciprocating linear motion from
energy, inparticular fromelectrical input supplied thereto.
In particular, theymaybe included in compressors and/or
pumps as those integrated in household appliances, for
example.
[0003] From US 2020/0260628 A1, a linear compres-
sor is known which comprises a piston configured to
linearly reciprocate in a cylinder so as to compress a
refrigerant. For driving the motion, the compressor com-
prises an inner and an outer stator arranged with an
interspace in-between, and a permanent magnet con-
nected to the piston and positioned in the interspace.
Mutual electromagnetic force between the permanent
magnet, the inner stator, and the outer stator causes a
linearmotion of the permanent magnet and, therewith, of
the piston connected thereto.
[0004] US 2020/0395836 A1 discloses a compressor
having a linearmotor comprising an outer stator, an inner
stator, and a mover which is located between the outer
and the inner stator and coupled to a piston. The outer
stator includes a plurality of laminated blocks, on which a
coil iswound.Twopermanentmagnets are coupled to the
inner stator.
[0005] It is an object of the present invention to provide
an improved linear actuator, an improved compressor, an
improved pump, and an improved household appliance.
[0006] The object is achieved by a linear actuator
according to claim 1, by a compressor according to claim
7, by a pump according to claim 8, and by a household
appliance according to claim 9. Advantageous embodi-
ments are disclosed in the dependent claims, the de-
scription, and the drawings.
[0007] A linear actuator according to the present in-
vention comprises a stator, a magnet component, and a
yoke. The stator includes a plurality of core elements; for
instance, the pluralitymay comprise at least 12 or at least
16 core elements, and/or at most 24 or at most 20 core
elements. At least one of the core elements may advan-
tageously be a laminated iron core segment. Preferably,
the stator further comprises a solenoid coil whichmay be
wound on a bobbin (preferably made of plastic) and/or
which may be at least partially embedded in one or more
of the core elements.
[0008] The magnet component of the linear actuator,
whichmay comprise at least one permanent (in particular
NdFeB) magnet, is arranged spaced apart from the sta-
tor. Accordingly, a circumferential air gap is formed be-
tween the stator and the magnet component.
[0009] Said components of the linear actuator are ar-
ranged to generate an alternating magnetic flux in re-
sponse to alternately poled electric power input. As a

consequence, the magnet component is caused to line-
arly reciprocate relative to the stator. In particular, a
magnetic circuit thus is at least partially formed by the
stator, the magnet component, and the yoke providing
permeability paths for themagnetic flux. In particular, the
yoke may at least partially be made of iron.
[0010] According to the present invention, the yoke is
coupled to the magnet component, so that the yoke
moves, relative to the stator, when the magnet compo-
nent does.
[0011] Due to the coupling of the yoke to the magnet
component, an interspace between the magnet compo-
nent and the yoke is avoided. As a consequence, effi-
ciency of a magnetic path in the magnetic circuit at least
partially formedby the stator, themagnet component and
the yoke is increased, which yields an improved perfor-
mance of the linear actuator.
[0012] The magnet component may preferably be at
least partially arranged between the stator and the yoke.
According to advantageous embodiments, a magnet
component’s surface facing away from the stator may
be smaller than a yoke’s surface facing the stator (at least
partially with themagnet component in-between). There-
by, a particularly effective magnetic flux can be gener-
ated.
[0013] In such embodiments, said magnet compo-
nent’s surface may entirely face said yoke’s surface, in
particular preferably entirely abutting thereon and/or
being joined therewith. For instance, said magnet com-
ponent’s surface facing away from the stator may be
connected to a centre regionof said yoke’s surface facing
the stator.
[0014] According to advantageous embodiments of
the present invention, the yoke and the magnet compo-
nent are at least partially arranged in a space encom-
passed by the stator. For example, the plurality of core
elements may be arranged, side by side, around said
space, thus each being a segment of awall of said space.
In particular, said space may be rotational symmetric, in
particular of finite order or with respect to any angle.With
regard to a centre axis of such space, the reciprocating
motion of the magnet component (and the yoke) relative
to the stator may be in axial direction.
[0015] The magnet component and/or the yoke may
have an annular shape. In such embodiments, if the
stator encompasses a rotational symmetric space con-
taining at least a portion of the yoke and the magnet
component as mentioned above, the stator, the annular
magnet component and the annular yoke may be ar-
ranged coaxial to each other, i.e., their respective centre
axes may coincide. Such embodiments are particularly
adapted as linear actuators configured to operate a com-
pressor or pump arranged in their centre space.
[0016] In particular, in embodimentswhere themagnet
component has an annular shape, the magnet compo-
nent may comprise a plurality of permanent (e.g., neo-
dymium)magnet segmentswhich are assembled to form
a ring. Additionally or alternatively, the magnet compo-
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nent may comprise at least one (preferably monolithic,
advantageously neodymium) ring magnet (being an an-
nular permanent magnet); the linear actuator according
to such embodiments of the present invention advanta-
geously requires a reduced assembling effort when it is
manufactured. In these embodiments, the permanent
magnets and/or the magnet ring, respectively, are pre-
ferably oriented radially with respect to a centre axis of
the annularmagnet component, i.e., the respective north
pole faces radially outwards and the south pole faces the
centre axis, or vice versa.
[0017] According to advantageous embodiments, the
linear actuator further comprises a piston which may be
attached to the yoke, such that the yoke is immobile
relative to the piston. Alternatively, the linear actuator
may further comprise a cylinder component attached to
the yoke, such that the yoke is immobile relative to the
cylinder component. Accordingly, in these embodiments,
when the yoke is linearly reciprocating (with themagnetic
component) relative to the stator, so is the piston or
cylinder component, respectively. The thus moving pis-
ton and/or cylinder componentmay thus serve to vary the
volume of a chamber, such as to compress a gas con-
tained therein, or to pump a fluid into a desired path.
[0018] At least one of the core elements comprised by
the stator may preferably have a flat surface (i.e., a sur-
face extending along a mathematical plane) facing the
magnet component. In particular, all core elements of the
statormayhavesuch surface. In embodimentswhere the
core elements of the plurality are arranged, side by side,
so as to collectively form at least a portion of a wall of a
space encompassed by the stator (asmentioned above),
said space may then be shaped as a (preferably right)
prism, the side surfaces of which each being formed by a
flat surface of a respective one of such core elements.
[0019] Additionally or alternatively, one or more of the
core elements may have a flat surface facing away from
the magnet component.
[0020] Core elements having such straight shape save
time and effort when manufactured.
[0021] A compressor according to the present inven-
tion comprises a linear actuator according to an embodi-
ment of thepresent invention. Therein, the linear actuator
is preferably configured to vary a volume of a compres-
sion chamber formed by the compressor.
[0022] Apumpaccording to thepresent invention com-
prises a linear actuator according to an embodiment of
the present invention.
[0023] The yoke of the linear actuator comprised by
such compressor or pump, respectively, may advanta-
geously be attached to a piston or to a cylinder compo-
nent as mentioned above.
[0024] In the former case, i.e., if the yoke is attached to
a piston, the compressor or pump, respectively, may
preferably further comprise a cylinder component which
encompasses the piston and which is arranged station-
ary relative to the stator. Accordingly, in such embodi-
ments, the piston is linearly movable within the cylinder

component.
[0025] If however, the yoke is attached to a cylinder
component, the compressor or pump, respectively, may
preferably further comprise a piston which is encom-
passed by the cylinder component andwhich is arranged
stationary relative to the stator. Accordingly, in such
embodiments, the cylinder component is linearly mova-
ble around the immobile piston arranged therein. Such
embodiments facilitate a particularly compact construc-
tion of the compressor or pump.
[0026] Ahousehold applianceaccording to the present
invention comprises a compressor and/or a pump re-
spectively in accordance with an embodiment of the
present invention. The household appliance in particular
may be amajor appliance such as a washing machine, a
tumble drier, a dishwater, a refrigerator, or a freezer.
[0027] In what follows, a preferred embodiment of the
present invention is explained with respect to the accom-
panying drawings. As is to be understood, the various
elements and components are depicted as examples
only, may be facultative and/or combined in a manner
different than that depicted. Reference signs for related
elements are used comprehensively and not defined
again for each figure.

Shown is schematically in

[0028]

Fig. 1a: an exemplary embodiment of a compressor
according to the present invention in a first sectional
view; and

Fig. 1b: a centre portion of the compressor of Figure
1a in a second sectional view.

[0029] In Figure 1a, a compressor 100 according to an
embodiment of the present invention is depicted. The
compressor 100 comprises a linear actuator 1 according
to an exemplary embodiment of the present invention, a
housing 2, and springs 3a, 3b elastically supporting the
linear actuator 1 in the housing 2.
[0030] Figure 1a shows the compressor 100 in a sec-
tional view along a centre axis X of a rotationally sym-
metric space encompassed by a stator 10 of the linear
actuator 1. Figure 1b shows a centre portion of the
compressor 100 in a sectional view orthogonal to said
axis X, namely, along section A-A as indicated in Figure
1a.
[0031] Further to said stator 10, which is fixed to the
housing 2 (and thus stationary to the housing), the linear
actuator 1 of the compressor 100 comprises a magnet
component 20, and a yoke 30 coupled to the magnet
component 20.
[0032] Both themagnet component 20and the yoke30
have an annular shape, and they are arranged, in said
rotationally symmetric space, with their respective centre
axis coincidingwith said axisX.Thestator 10, themagnet
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component 20 and the yoke thus are coaxial to each
other. Therein, the magnet component 20 is configured
as a monolithic ring magnet and arranged between the
yoke 30 and the stator, from which the magnet compo-
nent 20 is spacedapart such that a circumferential air gap
G surrounding the magnet component 20 is present
between the stator 10 and the magnet component 20.
[0033] Therein, a yoke’s surface F30 facing the stator
10 is larger than a magnet component’s surface F20
facing away from the stator 10, the magnet component’s
surface F20 entirely facing the yoke 30 and abutting on a
centre region thereof.
[0034] The stator 10 includes a plurality of core ele-
ments11andasolenoidcoil 12woundonabobbin13and
at least partially embedded in the core elements 11. As
exemplarily indicated in Figure 1b for selected core ele-
ments 11a, 11b, in the exemplary case depicted, the core
elements each have a flat surface Sa, Sb facing the
magnet component 20. Additionally, the core elements
each have a flat surface Fa, Fb facing away from the
magnet component 20. Such core elements 11 can be
produced by applying a particularly simple production
technology, and thus they reduce time and effort in the
manufacturing.
[0035] As the core elements 11 are arranged side by
side and thus are strung circumferentially about the axis
X, the rotationally symmetric space encompassed by the
stator 10 is shaped as a right prism delimited by the core
elements’ 11 surfaces Sa, Sb facing the magnet compo-
nent 20. In particular, said circumferential air gap G
appearing between the stator 10 and the magnet com-
ponent 20 has an uneven shape.
[0036] Preferably, the core elements 11 are of lami-
nated iron (not visible in the figures).
[0037] The stator, the magnet component, and the
yoke form amagnetic circuit. Therefore, in consequence
of alternating electric power input, which is realised by
connectionof thesolenoidcoil toanelectricpower source
and varying a current direction (not shown in the figures),
a magnetic flux is generated which produces a linearly
reciprocating motion of the magnet component 20, with
the yoke 30 coupled thereto, relative to the stator 10 and
in a direction parallel to the axis X mentioned above. In
Figure 1a, the motion is indicated by double arrows.
[0038] Attached to the yoke 30 is a cylinder component
40 which accordingly is reciprocated along with the yoke
30 and the magnet component 20. The cylinder compo-
nent 40 contains a piston 4 which is stationary to the
housing 2 of the compressor 100; in particular, the piston
4 may be fastened to or at least partially be formed
monolithically with the housing 2, e.g., as a protuberance
thereof.
[0039] By the reciprocatingmotion of the cylinder com-
ponent 40 relative to the stator 10 and, thereby, to the
housing 2 with the piston 4, a volume of a compressor
spaceC is varied. Thereby, in particular a gas (not shown
in the figures) the compressor space C may contain can
be compressed before being conveyed, through respec-

tive valves, out of the compressor space C.
[0040] Disclosed is a linear actuator 1 comprising a
stator 10 comprising a plurality of core elements 11, 11a,
11b, a magnet component 20 spaced apart from the
stator, and a yoke 30, which are adapted to generate,
in consequence of alternating electric power input, an
alternating magnetic flux producing a linearly reciprocat-
ing motion of the magnet component 20 relative to the
stator 10. Therein, the yoke 30 is coupled to the magnet
component 20.
[0041] Further disclosedareapumpandacompressor
100 respectively comprising such linear actuator 1, and a
household appliance comprising such pump and/or such
compressor.

Reference signs

[0042]

1 linear actuator
2 housing
3 piston
4a, 4b spring

10 stator
11, 11a, 11b core element
12 solenoid coil
13 bobbin

20 magnet component
30 yoke
40 cylinder component

100 compressor

C compression chamber
G circumferential air gap
Sa, Sb core element’s surface facing the magnet

component
S20 magnet component’s surface facing away

from the stator
S30 yoke’s surface facing the stator
Fa, Fb core element’s surface facing away from the

magnet component
X centre axis

Claims

1. Linear actuator (1) comprising

- a stator (10) comprising a plurality of core
elements (11, 11a, 11b);
- a magnet component (20) spaced apart from
the stator; and
- a yoke (30),
which are adapted to generate, in consequence
of alternating electric power input, an alternating
magnetic flux producing a linearly reciprocating
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motion of themagnet component (20) relative to
the stator (10),
wherein the yoke (30) is coupled to the magnet
component (20).

2. Linear actuator according to claim 1, wherein the
stator (10) encompasses a space in which the mag-
net component (20) and the yoke (30) are at least
partially arranged.

3. Linear actuator according to one of claims 1 or 2,
further comprising a piston or a cylinder component
(40) respectively attached to the yoke (30).

4. Linear actuator according to one of the preceding
claims, wherein one or more of the core elements
(11, 11a, 11b) has/have a flat surface (Sa, Sb) facing
the magnet component (20) and/or has/have a flat
surface (Fa, Fb) facing away from the magnet com-
ponent (20).

5. Linear actuator according to one of the preceding
claims,wherein at least oneof the core elements (11,
11a, 11b) is a laminated iron core segment.

6. Linear actuator according to one of the preceding
claims, wherein the magnet component (20) com-
prises

- a plurality of permanent magnet segments
assembled to form a ring; or
- a ring magnet.

7. Compressor (100) comprising a linear actuator (1)
according to one of the preceding claims.

8. Pump comprising a linear actuator (1) according to
one of the preceding claims.

9. Household appliance comprising a compressor
(100) according to claim 7 and/or a pump according
to claim 8.

10. Household appliance according to claim 9which is a
washing machine, a tumble drier, a dishwater, a
refrigerator, or a freezer.
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