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Description

[0001] The present invention relates to a magnetic
switching device. Especially the switching device has a
ring shaped pole element with a plurality of permanent
magnets. The permanent magnets are in the shape of a
segment of a circle and arranged one next to the other
with alternating polarity. The switching device has a first
switching element and a second switching element. The
pole element is situated between the first switching ele-
ment and the second switching element. The pole ele-
ment is rotatable relative to the first switching element
and the second switching element.

[0002] From DE 102006 002 757 A1 a magnetic stor-
age switch is known. This magnetic storage switch ex-
hibits a pole element which can be rotated about an axis.
Furthermore first and second switch plates are provided,
wherein the pole element is situated between these two
plates. The pole element exhibits a plurality of magnets,
which are located with alternating polarity along the cir-
cumferential direction of the pole element. Furthermore
this magnetic storage switch or the switch plate, respec-
tively, exhibits magnetizable ring segments, between
which the pole element is situated, and which are turned
withrespecttoeach other by half a step. The switch plates
therein exhibit magnetic or magnetizable areas.

[0003] Arotation ofthe pole element causes one of the
two switchable elements to be magnetized. The switch-
able elements are in the form of plates. One of the switch-
able elements short-circuits the magnetic flux. In this way
the two

switchable elements can alternately transmit or short-
circuit the magnetic flux, so that magnetizable elements
like iron plates located next to this switchable elements
either are attracted or not.

[0004] This device also allows the switching of higher
currents and voltages. A disadvantage of this device,
however, is thatdue to the magneticforces rotary motions
of the pole element partially are relatively hard.

[0005] The US Patent 3,597,714 discloses a shap act-
ing magnetic rotary switch having a plurality of switches,
each of which comprising two fixed contacts and one
movable contact, a permanent magnet being fast with
the latter. The switch also comprises two annularly
shaped permanent magnets adjacent each other and the
magnets fast with said movable contacts, the annular
magnet outwardly positioned being fixed and having as
many pairs of poles as the switches and as many pairs
of poles being provided on the adjacent surface of the
intermediate annular magnet which is fast with a rotary
shaft. On the surface of the intermediate annular magnet
facing the magnets fast with the movable contacts three
ring-shaped poles are provided, the sign of which being
alternately different; one of these poles is interrupted at
a location and the other two poles are deformed to this
location. Upon rotation of said shaft, the switch contacts
are shap opened or closed with a speed independent of
the speed of rotation of said shaft.
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[0006] US-Patent 2,827,531 discloses a magnetically
operated switch which opens and closes solely in re-
sponse to magnetic forces. At least one plug is adapted
to move axially within a stationary support. The plug
moves between two rotating disks which are magnetically
coded. The electric switch comprises two stationary elec-
tric contacts and movable electric contact.

[0007] US-Patent 4,199,741 discloses a rotary switch
with a stationary body and longitudinal bores in each of
which a core of magnetic material is movable. Switching
means are located at one end of said bores, and adapted
to be actuated by the said cores and magnetic elements
adapted to be brought successively opposite the ends of
said bores to either displace or hold the said cores in the
said bores for actuating the said switching means.
[0008] Thereforeitis an objectof the presentinvention
to improve the device of prior art in such a way that a
rotation or a movement of the pole element is easy.
[0009] According to the invention this is achieved by a
switching device according to claim 1. Advantageous em-
bodiments are the subject of the subordinate claims.
[0010] The switching device according to the invention
exhibits aring shaped pole element which exhibits a plu-
rality of permanent magnets arranged one next to the
other with alternating polarity. Furthermore a first switch-
ing element and a second switching element are provid-
ed, wherein the pole element is situated between the first
switching element and the second switching element.
The pole element is rotatable relative to the first switching
element and the second switching element. The perma-
nent magnets are in the shape of a segment of a circle
and are separated from one another by non-magnetic
gaps. Each of the first switching elements and the second
switching elements exhibit at least two magnetizable
force coupling elements. The first switching elements and
the second switching elements are arranged such in re-
lation to the pole element that the first switching element
and the second switching element are separated by half
a step in a direction of rotation of the pole element.
[0011] The first and the second switching element ex-
hibits magnetizable segments. The magnetizable seg-
ments may be in the form of area segments. According
to the invention the switching device exhibits magnetiz-
able force coupling elements, which, in dependence on
a relative motion between the pole element and the first
and second switching element, are arranged in such a
way as to be movable with respect to the first and second
switching element.

[0012] Independence onarotation of the pole element
relative to the first and second switching element, which
can be a switch plate or a plurality of first and second
switching elements, the force coupling elements move
and for example effect a short-circuit of the magnetic flux.
In this way the areas which otherwise become difficult to
rotate during the rotation or would be difficult to move
during the movement, can be moved more easily.
[0013] Inanadvantageous embodimentthe force cou-
pling elements are movable in the plane which is parallel
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to the plane in which the pole element rotates.

[0014] These force coupling elements for example can
be balls which move, dependent on the position of the
pole element with respect to the switching element, pref-
erentially in said plane. However, other types of force
coupling elements would be possible, too, for example
cylindrical elements and the like.

[0015] In a further advantageous embodiment the
magnetizable segments of the first and second switching
element are separate from each other. Dependenton the
rotary position of the pole element relative to the first or
second switching element, either a magnetic short-circuit
of the pole element is achieved, whereby a correspond-
ing switchable element, like an iron disc, is not attracted,
or the magnetic forces are transmitted, leading to a mag-
netic attraction of the corresponding switchable ele-
ments. Advantageously the magnetizable area seg-
ments are separated from each other by non-magnetiz-
able areas.

[0016] Thus, forexample, magnetizable material could
be integrated into a block of copper or a copper disc.
[0017] As disclosed by the invention the first and the
second switching elements are separated with respect
to each other by half a step. Consequently, an alternating
switching of the magnetizable force coupling elements
of the first and second switching element is possible. In
a further advantageous embodiment the switching de-
vice exhibits a first switchable element, wherein the first
switching element is situated between the first switchable
element and the pole element. The second switching el-
ement is situated between a second switchable element
and the pole element. Depending on the rotary position
of the pole element with respect to the first and second
switching element this switchable element is either at-
tracted or not attracted, as described above. Also, a
spring mechanism could be provided, which drives the
first or second switchable element away from the first or
second switching element, respectively.

[0018] In a further embodiment the first and second
switchable elements are movable perpendicular to the
direction of motion of the pole element, for example along
an axis of rotation of the pole element. It would also be
possible, however, that the pole element is linearly dis-
placeable and that the switchable element preferentially
is movable in a perpendicular direction.

[0019] Preferentially the switching element is station-
ary and in a further advantageous embodiment also the
pole element is stationary at least perpendicular to its
direction of motion. It would, however, also be possible
that the pole element is stationary and the first and sec-
ond switching elements are movable, for example rotat-
able.

[0020] Advantageously the pole element is rotatable
about a set axis of rotation.

[0021] Inanadvantageous embodiment the force cou-
pling elements are pivotable on the first and second
switching element. However, it would also be possible
for the force coupling elements to be balls which can roll
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on the first and second switching element. For this pur-
pose the switching element might exhibit guide elements
for the balls.

[0022] The force coupling elements are situated be-
tween the first and second switching element and the
first and second switchable element. Therein it would
however also be possible for the force coupling elements
to be partially integrated into the first or second switching
element and preferentially to protrude therefrom in par-
ticular in the direction of the switchable element.

[0023] The magnetizable segments are magnetizable
area segments which are in the form of magnetic sheets.
These magnetic sheets may for example be integrated
into a copper disc with recesses, as mentioned above.
Also, the magnetizable area segments might be integrat-
ed into a plastic block, for example a plastic disc.
[0024] The permanent magnets of the pole element
are located at a distance from each other. Therein the
magnets can for example be located at a distance from
each other along the circumferential direction, it would,
however, also be possible for them to be located at a
distance from each other in a longitudinal direction. In a
further advantageous embodiment the magnets are Nd-
FeB magnets. These magnets exhibit very high magnetic
forces.

[0025] The pole element is rotatable about a defined
axis of rotation. The force coupling elements are mounted
so as to be pivotable about an axis on the first switching
element and the second switching element. The pivoting
movement of the coupling elements is synchronized on
the first switching element and on the second switching
element with respective synchronizing means. The syn-
chronizing means can be purely mechanical. The syn-
chronizing means can be purely electrical. Servo-motors
are used to initiate the pivoting movement of the coupling
elements. The synchronizing means may be a combina-
tion of mechanical and electrical as well.

[0026] As mentioned above the force coupling ele-
ments are arranged on opposite sides of the pole ele-
ment. The synchronized pivoting motion of the force cou-
pling elements causes a rotation of the pole element. The
number of coupling elements on either side of the pole
element should be greater than two. The force coupling
elements are movable in a plane in which the pole ele-
ment rotates relative to the first switching element and
the second switching element. The magnetizable force
coupling elements are spatially separated from each oth-
er. Each of the magnetizable force coupling elements
can carry in addition a magnetizable segment.

[0027] The magnetizable segments can be in the form
of magnetic sheets which are provided on the force cou-
pling elements. According to another embodiment the
magnetizable segments are movably mounted on the
force coupling elements. The direction of movement of
the magnetizable segments is in a plane perpendicular
to the axis of rotation of the pole segment. The invention
furthermore extends to an electric circuit with a switching
device as described above. It would, however, also be
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possible to use the switching device as a mechanical
switching element and thus in particular without electrical
connection. Further advantages and embodiments are
clear from the accompanying drawings.Therein are
shown in

Fig. 1 a schematic side view of a switching device
according to the invention;

Fig. 2 a top view of a pole element;

Fig. 3 a top view of a switching element with force
coupling elements;

Fig. 4a -- 4d an embodiment of a switching element
with force coupling elements in various states;

Fig. 5a - 5d a further schematic view of the embod-
iment;

Fig. 6 a schematic side view of the switching device
according to the invention, wherein the arrangement
of the force coupling elements in relation to the pole
element is shown;

Fig. 7a - 7d various steps of the rotational motion of
the pole element, wherein the rotational motion is
initiated by the position of the force coupling ele-
ments;

Fig. 8 a schematic view of a further example of a
switching device not belonging to the invention in a
first switching mode; and

Fig. 9 a schematic side view of the example shown
in Fig. 8 in a second switching mode.

[0028] identical reference numerals are used for like
elements or elements of like function. For the sake of
clarity only those reference numerals are shown in the
figures which are necessary for the description of the
respective figure. The embodiments shown are only ex-
amples of how the switching device according to the in-
vention may be implemented; the scope of the invention
is not limited to the embodiments shown.

[0029] Fig. 1 shows a schematic representation of a
switching device 1 according to the invention. This
switching device 1 therein exhibits a pole element 2,
which is mounted on bearings 24 in such a way as to be
rotatable with respect to a casing 26. This pole element
2 exhibits a plurality of permanent magnets located with
alternating polarity in the circumferential direction. The
reference numeral 22 refers to a lever for rotating the
pole element about the axis of rotation D.

[0030] A first switching element 4 is located next to the
pole element 2. The first switching element 4 therein is
stationary relative to a substrate 20. The first switching
element 4 exhibits (not shown) area segments. Depend-
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ing on the relative position or rotary position of the pole
element 2 with respect to the first switching element 4
the magnetic forces of the individual magnets of the pole
element 2 either are short-circuited or, in this case, are
transmitted to the right. In the case of no short-circuit the
switchable element 12, for example an iron disc, is at-
tracted by the pole element 2 or the first switching ele-
ment 4, respectively, and thus moves to the left in figure
1. By this movement an electrical switching process can
be triggered. The switchable element 12 thus is movable
along the double arrow P, i.e. parallel to the axis D.
[0031] A second switching element 6 is located on the
opposite side with respect to the first switching element
4. Put differently, the pole element 2 is situated between
the first switching element 4 and the second switching
element 6. This second switching element 6 also exhibits
magnetizable area segments 16, which are located in or
at non-magnetizable areas. The second switching ele-
ment 6 is rotated relative to the first switching element 4
by half a step with respect to these area segments 16.
[0032] This implies that in dependence on the rotary
position of the pole element 2 relative to the first and
second switching element 4 and 6 there is a magnetic
short-circuit in precisely one of the switching elements
4,6 andthatin the other the magnetic force is transmitted.
[0033] This implies that in dependence on the rotary
position of the pole element 2 both the switchable ele-
ments 12 and 32 move to the right or to the left along the
double arrow P, depending on the rotary position. It is
pointed out that the two switchable elements 12 and 32
preferentially are rigidly connected with each other in di-
rection of the double arrow P. It would, however, also be
possible for the two switching elements 4 and 6 to be
movable independently of each other. Also spring ele-
ments could be provided, which bias the switching ele-
ment or switching elements to a defined position (along
the axis of rotation D).

[0034] Reference numeral 8 in its entirety schemati-
cally refers to a force coupling element, which is movable
relative to the first switching element 4. A plurality of such
force coupling elements 8 may be provided in circumfer-
ential direction on the first switching element 4 and if ap-
plicable correspondingly on the second switching ele-
ment 6.

[0035] Dependingon the position between the pole el-
ement 2 and the switching element 4 also said force cou-
pling element 8 moves and in this way effects either a
magnetic short-circuit or a transmission of the magnetic
force, sothatarotary motion of the pole element 2 relative
to the switching element 4 becomes easier.

[0036] Boththe switchable elements 12 and 32 therein
are arranged on a shaft 25. The casing 28 is situated
between the two switchable elements 12 and 32, and
thus determines the distance between these two switch-
able elements 12 and 32, and thus also the switching
travelwhich can be achieved by rotating the pole element
2.

[0037] Fig. 2 shows a top view of a pole element 2.
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Here itis clear that this pole element 2 exhibits a plurality
of magnetic elements 10, located with alternating polar-
ities one next to the other in circumferential direction.
Advantageously an in particular non-magnetic gap 11 is
formed between these individual magnetic elements 10.
[0038] Fig. 3 shows a representation of a switching el-
ement 4, which here exhibits a plurality of magnetizable
area segments 16. These magnetizable area segments
16 here are separated from each other by non-magnet-
izable intermediate spaces 18. Advantageously these ar-
ea segments 16 are congruent with the cross sections
of the individual magnets 10 of the pole element 2. If
these area segments 16, depending on the rotary posi-
tion, essentially are located over the cross sections of
the magnets 10, the magnetic force is transmitted and in
this way a magnetic or magnetizable (switchable) ele-
ment can be attracted. If the area segments 16 are ro-
tated by half a step relative to the pole element 2, a mag-
netic short-circuit of each of the individual magnetic forc-
es of the magnets 10 occurs, so that no magnetic force
results and thus a corresponding switchable element 12
(Fig. 1) is not attracted.

[0039] Reference numeral 8 rather schematically indi-
cates aforce coupling element, which is movable relative
to the corresponding area segment 16 and thus also rel-
ative to the switching element 4.

[0040] Figures 4a - 4d and 5a - 5d illustrate an advan-
tageous embodiment of a switching device according to
the invention. In this embodiment a plurality of balls 8 is
provided on the switching element 4 (see Fig. 4a). These
balls 8 therein can move in a radial direction R, wherein
for this purpose dividers 42 are provided, which also ex-
tend in radial direction and between which intermediate
spaces 44 are formed, into which the balls 8 can move.
Fig. 4b again shows the pole element 2 with in circum-
ferential direction alternating polarized magnets.
[0041] If the switching element 4 shown in fig. 4a is
located in this position over the pole element 2 of fig. 4b,
the balls 8 remain in the position shown in fig. 4a, as here
only the magnetic forces of the magnetic poles are trans-
mitted. More precisely the magnetic field is transmitted
to the switchable elements 12 or 32, respectively, through
the balls 8. This situation is shown in fig. 4a. In this po-
sition the balls 8 preferentially do not yet touch each oth-
er, as this is prevented by the dividers 42. For this reason
there also occurs no magnetic short-circuit yet.

[0042] In this situation the respective switchable ele-
ment 12 or 32 is attracted very closely to the balls 8. In
the strong magnetic field generated the balls 8 start at-
tracting each other and thus migrate to the inner circular
ring 46, as shown in fig. 5a. In this position the balls 8
touch each other and establish a magnetic short-circuit
over all the poles. In this way the switchable element 12,
32 isreleased in position A (see Figure 1), so that switch-
ing can be done more easily, the switching process thus
is made easier. In the situation shown in fig. 5a the balls
8 do not yet touch necessarily or completely. In this sit-
uation it is also possible that some of the balls 8 are still
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farther outwards in the radial direction R, so that a mag-
netic short-circuit is at least not yet established over the
entire circumference.

[0043] If on the other hand the pole element 2, as
shown in fig. 4d, has been rotated by half a turn (see fig.
4c and 5c¢), the individual force coupling elements 8, i.e.
the balls, are magnetized in such a way that they repel
each other. Due to this repulsion the balls 8 migrate out-
wards. For this reason the magnetic short-circuit at the
respective switching element 4, 6 is maintained (see fig.
4a, 5¢).

[0044] During a subsequent rotation of the pole ele-
ment 2 the area segments of the respective switching
element 4, 6 are rotated directly over the poles of the
pole element 2 and the initial configuration of fig. 4a re-
sults. Thus also in this case the forces or angular mo-
menta, respectively, required for rotating the pole ele-
ment 2, are reduced.

[0045] Instead of balls also cylindrical rolls, for exam-
ple, may be provided, it would also be possible to provide
sliding elements or the like. Also, the individual force cou-
pling elements need not necessarily be moved in the ra-
dial direction relative to the switching element 4 or 6, this
is advantageous, however. In the situation shown in fig.
4a it is advantageous for the balls 8 not to touch each
other.

[0046] Itwould, however, also be possible for a plurality
of force coupling elements 8 to be pivoted on the switch-
ing element 4, 6. For this purpose a plurality of pivots
could be provided on the switching elements 4, 6, each
pivot being an axis for pivoting the force coupling ele-
ments 8.

[0047] Fig. 6 shoesaschematic side view of the switch-
ing device 1 according to the invention. Force coupling
elements 8 are arranged in relation to the pole element
2. Fig. 6 shows one force coupling element 8 on either
side of the pole element 2. This should be not considered
as a limitation of the present invention. It is absolutely
clear that numerous force coupling element 8 are ar-
ranged on either side of the pole element 2. The switching
device has a ring shaped pole element 2. The pole ele-
ment itself has a plurality of permanent magnets 10 which
are in the shape of a segment of a circle. The magnets
10 are arranged one next to the other with alternating
polarity and are located at a distance d from each other.
At least one first switching element 4 and at least one
second switching element 6 are arranged such that the
pole element 2 is situated between them. The first switch-
ing element 4 and the second switching element 6 are
arranged so as to be pivotable around axis 27 relative to
the pole element 2.

[0048] The permanent magnets 10 are in the shape of
asegmentofa circle and are separated from one another
by non-magnetic gaps 11. Each of the first switching el-
ement 4 and the second switching element 6 exhibit at
least two magnetizable force coupling elements 8,
wherein the first switching element 4 and the second
switching element 6 are arranged such in relation to the
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pole element 2 that the first switching element 4 and the
second switching element 6 are separated by half a step
19 in a direction of rotation R of the pole element 2. Each
of the magnetizable force coupling elements 8 carries a
magnetizable segment 14 or 16. In Fig. 6 the force cou-
pling element 8 of the first switching element 4 is located
right above a non-magnetic gap 11 of two consecutive
permanent magnets 10. The force coupling element 8 of
the first switching element 4 short-circuits the magnetic
flux 100 and the magneticfield lines do notinduce a mag-
netic field in the first switchable element 12 or exert any
magnetic force on the first switchable element 12.
[0049] On the other hand the force coupling element
8 of the second switching element 6 is positioned directly
above a permanent magnet 10 of the pole element 2.
Additionally, the force coupling element 8 is pivoted 90°
about axis 27. The force coupling element 8 of the second
switching element 6 transmits the magnetic flux 100 and
consequently the magnetizable second switchable ele-
ment 32 is attracted in the direction of arrow P.

[0050] In order to enhance the magnetic force exerted
by the force coupling elements 8, magnetizable seg-
ments 14 or 16 are provided on the force coupling ele-
ments 8 directly opposite the pole element 2. According
to one embodiment of the invention the magnetizable
segments 14 or 16 are magnetic sheets which are pro-
vided on the force coupling elements 8. According to the
embodiment, shown in Fig. 6, the magnetizable seg-
ments 14 and 16 are mounted so as to be movable on
the force coupling elements 8. The magnetizable seg-
ments 14 and 16 move in a plane 50 perpendicular to
the axis of rotation D.

[0051] Synchronizing means 18 are provided with the
first switching element 4 and the second switching ele-
ment 6 in order to synchronize the pivoting movement of
the force coupling elements 8 on the first switching ele-
ment 4 and the second switching element 6.

[0052] Fig. 7a - 7d show the various steps of the rota-
tional motion of the pole element 2. The rotational motion
is initiated by the position of the force coupling elements
8 ofthe first switching element 4 and the second switching
element 6. Fig. 7a and 7b show the situation wherein the
force coupling element 8 of the second switching element
6 is located directly above one of the permanent magnets
10 of the pole element 2. A magnetizable segment 16 is
mounted to the force coupling element 8 in order to en-
hance the magnetic effects. The force coupling element
8 of the first switching element 4 is bridging the gap 11
between two permanent magnets 10 of the pole element
2. A magnetizable segment 14 is mounted to the force
coupling element 8 in order to enhance the magnetic ef-
fects. The force coupling element 8 of the first switching
element 4 short-circuits the magnetic flux and as shown
in Fig 7b the magnetizable segments 14 on the force
coupling element 8 of the first switching element 4 attract
each other. As a result the magnetizable second switch-
able element 32 is attracted.

[0053] Fig. 7c and 7d show the situation that the syn-
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chronizing means 18 have pivoted the force coupling el-
ements 8 of the first switching element 4 and the second
switching element 6. Parallel to the pivoting motion of the
force coupling elements 8 the pole element 2 rotates in
the direction R. As shown in Fig. 7c the force coupling
element 8 of the second switching element 6 is bridging
the gap 11 between two permanent magnets 10 of the
pole element 2. On the other hand the force coupling
element 8 of the first switching element 4 is located di-
rectly above one of the permanent magnets 10 of the
pole element 2. A magnetizable segment 14 is mounted
to the force coupling element 8 in order to enhance the
magnetic effects. The force coupling element 8 of the
first switching element 4 transmits the magnetic flux and
thus the first switchable element 12 is attracted. In Fig
7d the magnetizable segments 16 on the force coupling
element 8 of the second switching element 6 attract each
other and therefore short-circuit the magnetic flux.
[0054] Fig. 8 and Fig.9 show a further example, not
belonging to the invention. Different switching modes are
shown in Fig. 8 and Fig. 9, respectively. This switching
device 1 therein exhibits a pole element 2, which is
mounted on bearings (not shown here) in such a way as
to be rotatable. The view in Fig. 8 is onto a lateral area
2A of the pole element 2. This pole element 2 exhibits a
plurality of permanent magnets 10 located alternating in
the circumferential direction. The pole element is rotata-
ble as indicated in Fig. 8 by arrow 52 (the axis of rotation
is not shown).

[0055] A first switching element 4 is located next to the
pole element 2. The first switching element 4 is a disk-
shaped element which carries a plurality of magnetic el-
ements 4m. The first switching element 4 exhibits (not
shown) area segments. Depending on the relative posi-
tion or rotary position of the pole element 2 with respect
to the magnetic elements 4m of the first switching ele-
ment 4 the magnetic forces of the individual magnets 2m
of the pole element 2 either are short-circuited or, in this
case transmit the magnetic field lines 100. In the case of
Fig. 8 the switchable element 12, for example an iron
disc, is attracted by the pole element 2 in cooperation
with the first switching element 4. By this movement an
electrical switching process can be triggered. The switch-
able element 12 thus is movable along the double arrow
P, i.e. along guides G.

[0056] Fig. 9 shows a second switching mode of the
switching device 1. The second switching element 6 is
located on the opposite side with respect to the first
switching element 4. The pole element 2 is situated be-
tween the first switching element 4 and the second
switching element 6. This second switching element 6 is
a disk-shaped element which carries a plurality of mag-
netic elements 6m The second switching element 6 is
rotated relative to the first switching element 4 by half a
step with respect to the magnetic elements 4m and 6m.
[0057] This implies that in dependence on the rotary
position of the pole element 2 both the switchable ele-
ments 12 and 32 move, as shown in the drawing up or
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down, depending on the rotary position. It is pointed out
that the two switchable elements 12 and 32 preferentially
are rigidly connected with each other in direction of the
double arrow P. Depending on the relative position or
rotary position of the pole element 2 with respect to the
magnetic elements 6m of the second switching element
6 the magnetic forces of the individual magnets 2m of
the pole element 2 either are short-circuited or, in this
case, transmitted. The switchable element 32 is attracted
and moves in direction of the double arrow P.

[0058] The switching of the switchable elements 16
and 32 is carried out in an alternating manner, depending
on the relative position of the pole element with respect
to switching elements 4 and 6.

List of Reference Signs

[0059]

1 switching device

2 pole element

2A lateral area of pole element
4 first switching element

4m magnetic element

6 second switching element
6m magnetic element

8 force coupling element, balls
10 permanent magnet

11 non-magnetic gap

12 first switchable element
14 magnetizable segment
16 magnetizable segment
18 synchronizing means
19 half a step

20 substrate

22 lever

24 bearing

25 shaft

26 casing

27 axis

32 second switchable element
42 dividers

44 intermediate spaces
50 plane

52 arrow

100  magnetic field lines
G guides

P direction

d distance

R direction of rotation
D axis of rotation

Claims

1. Switching device (1) with aring shaped pole element
(2) having a plurality of permanent magnets (10) in
the shape of a segment of a circle and arranged one
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nextto the other with alternating polarity; at least one
first switching element (4) and at least one second
switching element (6), wherein the pole element (2)
is situated between the at least one first switching
element (4) and the at least one second switching
element (6) and is rotatable relative to the at least
one first switching element (4) and the at least one
second switching element (6), wherein the perma-
nent magnets (10) which are in the shape of a seg-
ment of a circle are separated from one another by
non-magnetic gaps; wherein each of the atleastone
first switching elements (4) and the at least one sec-
ond switching elements (6) exhibit at least two mag-
netizable force coupling elements (8), wherein the
first switching element (4) and the second switching
element (6) are arranged such in relation to the pole
element (2) that the first switching element (4) and
the second switching element (6) are separated by
half a step (19) in a direction of rotation (R) of the
pole element (2) characterized in that the magnet-
izable force coupling elements (8) are arranged in
such a way as to be movable with respect to the first
switching element (4) and the second switching el-
ement (6), in dependence on a relative motion be-
tween the pole element and the first and second
switching element.

Switching device (1) of claim 1, wherein the magnet-
izable force coupling elements (8) are separated
from each other, and each of the magnetizable force
coupling elements (8) carries a magnetizable seg-
ment (14, 16).

Switching device (1) of at least one of the previous
claims, wherein the pole element (2) has a defined
axis (D) of rotation.

Switching device (1) of at least one of the previous
claims, wherein the force coupling elements (8) are
mounted so as to be pivotable about an axis (27) on
the first switching element (4) and the second switch-
ing element (6), respectively.

Switching device (1) of claim 4, wherein synchroniz-
ing means (18) are provided to synchronize the
movement of the force coupling elements (8) on the
first switching element (4) and the second switching
element (6).

Switching device (1) of claim 5, wherein the synchro-
nizing means (18) is purely mechanical.

Switching device (1) of claim 5, wherein the synchro-
nizing means (18) is purely electrical.

Switching device (1) of at least one of the previous
claims, wherein the first switching element (4) and
the second switching element (6) are stationary.
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Switching device (1) of anyone of the claims 2 to 8,
wherein the magnetizable segments (14; 16) are
magnetic sheets provided on the force coupling el-
ements (8).

Switching device (1) of anyone of the claims 2 to 8
wherein the magnetizable segments (14; 16) are
mounted on the force coupling elements (8) and are
movable in a plane (50) perpendicular to the axis of
rotation (D).

Switching device (1) of anyone of the preceding
claims, wherein the magnets (10) are located at a
distance (d) from each other.

Switching device (1) of at least one of the previous
claims, wherein the magnets (10) are NdFeB-mag-
nets.

Patentanspriiche

1.

Schaltvorrichtung (1) mit einem ringférmigen Pole-
lement(2), das eine Vielzahl von Permanentmagne-
ten (10) aufweist, die die Form von Kreissegmenten
aufweisen und mit abwechselnder Polaritat neben-
einander angeordnet sind; wenigstens einem ersten
Schaltelement (4) und wenigstens einem zweiten
Schaltelement (6), wobei das Polelement (2) zwi-
schen dem wenigstens einen ersten Schaltelement
(4) und dem wenigstens einen zweiten Schaltele-
ment (6) angeordnet ist und relativ zu dem wenigs-
tens einen ersten Schaltelement (4) und dem we-
nigstens einen zweiten Schaltelement (6) drehbar
ist, wobei die Permanentmagneten (10), die die
Form eines Kreissegments aufweisen, durch nicht
magnetische Spalte voneinander getrennt sind; wo-
bei jedes des wenigstens einen ersten Schaltele-
ments (4) und des wenigstens einen zweiten Schal-
telements (6) wenigstens zwei magnetisierbare
Kraftkopplungselemente (8) aufweisen, wobei das
erste Schaltelement (4) und das zweite Schaltele-
ment (6) in Bezug auf das Polelement (2) derart an-
geordnet sind, dass das erste Schaltelement (4) und
das zweite Schaltelement (6) durch einen halben
Schritt (19) in einer Drehrichtung (R) des Polele-
ments (2) voneinander getrennt sind, dadurch ge-
kennzeichnet, dass die magnetisierbaren Kraft-
kopplungselemente (8) derart angeordnet sind, dass
sie in Bezug auf das erste Schaltelement (4) und das
zweite Schaltelement (6) in Abh&ngigkeit von einer
relativen Bewegung zwischen dem Polelement und
dem ersten und zweiten Schaltelement beweglich
sind.

Schaltvorrichtung (1) nach Anspruch 1, wobei die
magnetisierbaren Kraftkopplungselemente (8) von-
einander getrennt sind und jedes der magnetisier-
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10.

1.

12.
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baren Kraftkopplungselementen (8) ein magnetisier-
bares Segment (14, 16) tragt.

Schaltvorrichtung (1) nach wenigstens einem der
vorhergehenden Anspriiche, wobei das Polelement
(2) eine vorgegebene Drehachse (D) aufweist.

Schaltvorrichtung (1) nach wenigstens einem der
vorhergehenden Anspriiche, wobei die Kraftkopp-
lungselemente (8) derart montiert sind, dass sie je-
weils um eine Achse (27) am ersten Schaltelement
(4) und am zweiten Schaltelement (6) schwenkbar
sind.

Schaltvorrichtung (1) nach Anspruch 4, wobei Syn-
chronisiermittel (18) vorgesehen sind, um die Bewe-
gung der Kraftkopplungselemente (8) am ersten
Schaltelement (4) und am zweiten Schaltelement (6)
zu synchronisieren.

Schaltvorrichtung (1) nach Anspruch 5, wobei das
Synchronisiermittel (18) rein mechanisch ist.

Schaltvorrichtung (1) nach Anspruch 5, wobei das
Synchronisiermittel (18) rein elektrisch ist.

Schaltvorrichtung (1) nach wenigstens einem der
vorhergehenden Anspriiche, wobei das erste Schal-
telement (4) und das zweiten Schaltelement (6) sta-
tionar sind.

Schaltvorrichtung (1) nach einem der Anspriiche 2
bis 8, wobei die magnetisierbaren Segmente (14;
16) magnetische Folien sind, die an den Kraftkopp-
lungselementen (8) vorgesehen sind.

Schaltvorrichtung (1) nach einem der Anspriiche 2
bis 8, wobei die magnetisierbaren Segmente (14;
16) an den Kraftkopplungselementen (8) montiert
sind und in einer Ebene (50) beweglich sind, die
senkrecht zur Drehachse (D) ist.

Schaltvorrichtung (1) nach wenigstens einem der
vorhergehenden Anspriiche, wobei die Magneten
(10) in einer Entfernung (d) voneinander angeordnet
sind.

Schaltvorrichtung (1) nach wenigstens einem der
vorhergehenden Anspriiche, wobei die Magneten
(10) NdFeB-Magneten sind.

Revendications

1.

Un dispositif de commutation (1) avec un élément
de montantenforme d’anneau (2) ayantune pluralité
d’aimants permanents (10) en forme de segment
d’un cercle etdisposé 'un a cbté de 'autre avec une
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polarité s’alternant; au moins un premier élément
de commutation (4) et au moins un deuxiéme élé-
ment de commutation (6), ou I'élément de montant
(2) est situé entre 'au moins un premier élément de
commutation (4) et I'au moins le deuxiéme élément
de commutation (6) et il est rotatif par rapport a 'au
moins un premier élément de commutation (4) et a
I'au moins un deuxiéme élément de commutation (6),
ou les aimants permanents (10) qui sont de la forme
d’'unsegmentd’un cercle sontséparés'unde l'autre
par des espaces non-magnétiques ; ol chaque de
I'au moins un premier élément de commutation (4)
et chaque de I'au moins un deuxieme élément de
commutation (6) présententau moins deux éléments
d’accouplement de force magnétisables (8), ou le
premier €lément de commutation (4) et le deuxiéme
élément de commutation (6) sont disposés de telle
fagon par rapport a I'élément de montant (2) que le
premier élément de commutation (4) et le deuxiéme
élément de commutation (6) sont séparés par une
demi-étape (19) dans un sensderotation (R) de I'élé-
ment de montant (2) caractérisé en ce que les élé-
ments d’accouplement de force magnétisables (8)
sont disposés de fagon a étre amovible par rapport
aupremier élément de commutation (4) et au deuxié-
me élémentde commutation (6), dépendantdu mou-
vement relatif entre 'élément de montant et le pre-
mier et le deuxieme élément de commutation.

Un dispositif de commutation (1) de la revendication
1, ol les éléments d’accouplement de force magné-
tisables (8) sont séparés I'un de l'autre, et chaque
élément d’accouplement de force magnétisable (8)
transporte un segment magnétisable (14, 16).

Un dispositif de commutation (1) d’au moins une des
revendications précédentes, ou I'élément de mon-
tant (2) posséde un axe défini (D) de rotation.

Un dispositif de commutation (1) d’au moins une des
revendications précédentes, ou les éléments d’'ac-
couplement de force (8) sont montés de fagon a étre
pivotables autour d’un axe (27) sur le premier élé-
ment de commutation (4) et le deuxiéme élément de
commutation (6), respectivement.

Un élément de commutation (1) de la revendication
4 ol des moyens de synchronisation (18) sont four-
nis pour synchroniser le mouvement des éléments
d’accouplement de force (8) sur le premier élément
de commutation (4) et le deuxiéme élément de com-
mutation (6).

Un élément de commutation (1) de la revendication
5 ou le moyen de synchronisation (18) est purement

mécanique.

Un élément de commutation (1) de la revendication
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10.

1.

12.

5 ou le moyen de synchronisation (18) est purement
électrique.

Un élément de commutation (1) d’au moins une des
revendications précédentes, ol le premier élément
de commutation (4) et le deuxiéme élément de com-
mutation (6) sont stationnaires.

Un élément de commutation (1) d’au moins une des
revendications 2 a8, ol les segments magnétisables
(14 ; 16) sont des plagues magnétiques fournies sur
les éléments d’accouplement de force (8).

Un élément de commutation (1) d’au moins une des
revendications 2 a8, ol les segments magnétisables
(14 ; 16) sont montés sur les éléments d’accouple-
ment de force (8) et sont amovibles dans un plan
(50) perpendiculaire a I'axe de rotation (D).

Un élément de commutation (1) d’au moins une des
revendications précédentes, ou les aimants (10) se
trouvent a une distance (d) de I'un de l'autre.

Un élément de commutation (1) d’au moins une des
revendications précédentes, ou les aimants (10)
sont des aimants NdFeB.
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