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(57) Abrégé/Abstract:

The invention relates to a rotary damper (1), comprising a housing (12), a damper shaft (3) rotatably held at the housing, a
displacing device (2) in the housing (12), and a magnetic field source (8). The displacing device (2) has a damper volume (60)
having a magnetorheological fluid (6) as a working fluid and can be operated therewith in order to influence damping of the rotary
motion of the damper shaft (3) relative to the housing (12). The displacing device (2) comprises two separating units (4, 5), by
means of which the damper volume (60) is divided into two variable chambers (61, 62). One of the separating units (4, 5)
comprises a separating wall (4) connected to the housing (12), and one of the separating units (5) comprises a separating wall (5)
connected to the damper shaft (3). A gap (26) is formed in the radial direction between the separating unit (4) connected to the
housing (12) and the damper shaft (3), and a gap (27) is formed in the radial direction between the separating unit (5) connected to
the damper shaft (3) and the housing (12), and a gap (25) is formed in the axial direction between the separating unit (5)
connected to the damper shaft (3) and the housing (12). The magnetic field source (8) comprises a controllable electrical coil (9) in
order to influence the intensity of the magnetic field and thus the intensity of the damping. A substantial portion of the magnetic field
(10) of the magnetic field source (8) passes through at least two of said gaps (25-27) and simultaneously influences the two gap
sections in accordance with the intensity of the magnetic field.
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Abstract:

Rotary damper (1) comprising a housing (12), a damper shaft (3) rotatably
accommodated thereat, a displacing device (2) in the housing (12), and a
magnetic field source (8), wherein the displacing device (2) comprises a
damper volume (60) with magnetorheological fluid (6) as a working fiuid by
means of which it can operate to influence the damping of the rotary motion of
the damper shaft (3) relative to the housing (12). The displacing device (2)
comprises two partition units (4, 5) which subdivide the damper volume (60)
into two variable chambers (61, 62). One of the partition units (4, 5) comprises
a partition wall (4) connected with the housing (12) and one of the partition
units (5) comprises a partition wall (5) connected with the damper shaft (3). A
gap (26) is configured in the radial direction between the partition unit (4)
connected with the housing (12) and the damper shaft (3), and a gap (27) is
configured in the radial direction between the partition unit (5) connected with
the damper shaft (3) and the housing (12), and a gap (25) is configured in the
axial direction between the partition unit (5) connected with the damper shaft
(3) and the housing (12). The magnetic field source (8) comprises a
controllable electric coil (9) for influencing the strength of the magnetic field and
thus the strength of damping. A substantial part of the magnetic field (10) of the
magnetic field source (8) passes through at least two of the indicated gaps (25-
27) and simultaneously influences the two gap sections in dependence on the

strength of the magnetic field.

Fig. 13
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Rotary Damper

Description

The present invention relates to a rotary damper, the rotary damper comprising
a housing and a damper shaft rotatably accommodated thereat and a
displacing device in the housing. In the housing a damper volume comprising
magnetorheological fluid is provided as a working fluid for influencing the
damping of the rotary or pivoting motion of the damper shaft relative to the

housing.

The prior art has disclosed a great variety of rotary dampers or rotation
dampers which enable damping a pivoting motion or a rotary motion of a
damper shaft. In particular in the case that the required or available rotation
angle or pivot angle is limited, many of the known rotary dampers are not
sufficiently flexible in application or the required braking momentum is too weak
or the required rotational speeds are too high so that the braking momentum

cannot be varied or set at all or not as fast as required.

Rotation dampers involving oil and external control valves are prior art.
Minimum space requirement is of considerable advantage in particular in the
case of prostheses but in other applications as well. This means that the active
surfaces are small and this is why the working pressure must be increased
(100 bar and more) for generating suitable surface pressures and thus, forces
or moments. A drawback of these actuators is that the parts moving relative to
one another must be manufactured with high precision so any gaps must
provide the highest possible pressure drop and thus a sealing effect is
achieved. These narrow gap dimensions and narrow tolerances in sliding pairs
increase the hydraulic and mechanical base friction/-moments, involving
unfavorable effects on functionality and responsivity. Another consequence is
the expectation of high mechanical wear and short service intervals. Since this
tends to include inner contours and rectangular or deformed components/

sealing edges which must preferably be ground to achieve good tolerances/
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gaps, very high costs are involved. Given these contours, pressures,
alternatively attaching sealing members likewise involves lots of work and
costs. Sealing the edges or transitions e.g. between axial and radial contours is
particularly difficult. Moreover, seals lead to high base frictions or base friction

forces and moments.

US 6,318,522 B1 has disclosed a stabilizer comprising a rotation damper with
magnetic seals for a motor vehicle. The stabilizer comprises two rotation
dampers, each rotation damper comprising a shaft with two lobes (vanes)
extending outwardly each. The shaft may swivel with the vanes wherein the
swiveling angle is limited by wedge-shaped guide plates extending radially
inwardly in the housing. Between the outwardly protruding vanes and the guide
plates the housing is provided with hollow spaces or chambers two of which
increase during the swiveling motion of the shaft while the other two are
reduced accordingly. The chambers contain magnetorheological fluid. The
radially inwardly ends of the guide plates and the radially outwardly and axially
outwardly ends of the vanes show magnets disposed thereon which due to
their magnetic field seal the radially inwardly, radially outwardly and axial gaps
to restrict the leakage flow. This prevents abrasions from the otherwise
contacting seals between the chambers, increasing their service life. The actual
damping of the stabilizer is provided by bores in the guide plates
interconnecting conjugate chambers. The bores contain spring-biased ball
valves which open up the flow path as the differential pressure in the two
chambers exceeds the preset spring force. US 6,318,522 B1 thus provides a
low-maintenance stabilizer which works reliably per se. There is the drawback
of a considerable base friction since the gap sealing is designed for the
intended damping force. Another drawback is that the damping force is

invariable.

DE 10 2013 203 331 A1 has disclosed the use of magnetorheological fluid for
damping relative motions between vehicle wheels and vehicle bodies in

vehicles. A gear stage comprising multiple interacting gear wheels is provided.
The gear stage is filled with magnetorheological fluid. The drain from the gear

stage is directed to an external valve where a magnetic field acts on the
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magnetorheological fluid before the fluid is guided to return to the inflow of the
housing. The drawback is that the housing with the gear stage is filled with
magnetorheological fluid. Magnetorheological fluid is a suspension of
magnetically polarizable particles (carbonyl ferrous powder) finely distributed in
a carrier liquid and showing diameters between approximately 1 micrometer
and 10 pm. This is why all the gaps between components moving relative to
one another (axial gaps between the rotating gear wheel and the housing,
radial gaps between the tooth flank and the housing interior bores, and also
gaps between the contacting/ meshing tooth profiles in the gear stage) must be
larger than the largest of the magnetic particles. For practical purposes the
gaps must even be multiple times larger because even absent a magnetic field
the particles may accumulate to form large clusters or under the influence of a
magnetic field, links and thus large carbonyl ferrous units may build up. An
unsuitable gap results in jamming/ seizing, or the (coated) particles are
pulverized and thus useless. The significant drawback thereof is that these
mandatorily required gaps result in very strong leakage flow in particular if
pressures exceeding 100 bar are to be achieved. This prohibits highly effective
damping. In order to achieve high damping values all of the gaps must be
sealed which involves much work, is expensive, and in some cases may be
technically impossible. Thus for example a rolling-off gap between the two
involute tooth profiles is virtually impossible to seal. A high-pressure-tight
sealing of a gear wheel showing a complex shape in conjunction with ferrous
liquids is economically unfeasible in mass production. If the gaps are to be
sealed by means of magnets as is known from US 6,318,522 B1, the damping
of weaker forces would not work satisfactorily due to the high base friction. Due
to the high base momentum only large rotational forces can be damped with
agreeable responsivity. This is why the structural principle in DE 10 2013 203
331 A1 in conjunction with magnetorheological fluids is not suitable for
manufacturing inexpensive rotation dampers showing flexibility of adjustment

for damping low and also high forces or moments.

It is therefore the object of the present invention to provide an in particular

inexpensive rotary damper which enables flexibility in damping the damper
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shaft and allows satisfactory damping of high and weak forces and rotational
forces and is simple in structure.

Further advantages and features of the present invention can be taken from
the general description and the description of the exemplary embodiments.

A rotary damper according to the invention comprises a housing and a damper
shaft rotatably accommodated thereon, a displacing device in the housing and
at least one magnetic field source. The displacing device has a damper volume
with magnetorheological fluid as a working fluid by means of which it can
operate to influence the damping of the rotary motion of the damper shaft
relative to the housing. The displacing device comprises at least two partition
units which subdivide the damper volume or a damper volume in the damper
housing into at least two variable chambers, at least one of the partition units
comprising a partition wall connected with the housing. At least one of the
partition units comprises a partition wall connected with the damper shaft and
may preferably be configured as a swiveling vane. In the radial direction a (first)
(radial) gap section or gap is configured between the partition unit connected
with the housing and the damper shaft. The first gap section substantially
extends in the axial direction. In the radial direction another (or a second)
(radial) gap section is configured between the partition unit connected with the
damper shaft and the housing. The other or second gap section extends at
least over a considerable portion in the axial direction. In the axial direction at
least one more (or a third) (axial) gap section is configured between the
partition unit connected with the damper shaft and the housing. This (i.e. the
third gap section) extends at least over a considerable portion in the radial
direction. At least a substantial part of the magnetic field of the magnetic field
source passes through at least two of the indicated gap sections. The magnetic
field source comprises at least one controllable electric coil for influencing the
strength of the magnetic field. Thus, the strength of damping and preferably
also the strength of sealing is influenced. In particular a substantial part of the

CA 3051649 2020-03-30
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magnetic field of the magnetic field source passes through at least the two gap
sections, simultaneously influencing at least the two gap sections in

dependence on the strength of the magnetic field.

Each gap section may be configured as a separate gap or two or more gap

sections may be part of one shared gap.

Each gap section shows a direction of extension or direction of curve and a gap
height transverse to the direction of curve. A purely axial gap section extends in
the radial direction and/or the peripheral direction. The gap height extends in

the axial direction. A purely radial gap section extends in the axial direction and

optionally also in the peripheral direction.

Then the first and the second gap sections particuiarly preferably substantially
extend in the axial direction while the gap heights substantially extend in the
radial direction. The third gap section is particularly preferably configured as an
axial gap section so that the gap height substantially extends in the axial
direction. The gap section, however, substantially extends in the radial direction

and/or in the peripheral direction.

The gaps or gap sections may each be linear in configuration. Alternately each
gap section may show one or more bends or may consist of bent gap regions

only.

The rotary damper according to the invention has many advantages. A
considerable advantage of the rotary damper according to the invention
consists in the fact that two or more gap sections and preferably all of the gap
sections are sealed as required by means of the magnetic field of the magnetic
field source. This allows to configure the gaps or gap sections to show a
sufficient gap height to provide a weak base friction. While the magnetic field is
active, a high level of sealing continues to be achieved so as to enable high
damping values. It is not necessary to chose a particularly low gap height to

prevent leakage. Leakage is not prevented by means of the gap dimensions
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(gap height) but by means of magnetic sealing. An adjustable strength of the

magnetic field allows to adaptively accommodate the damping strength.

The controllable electric coil allows flexibility in setting a magnetic field to the
desired strength. In this way a damping at the desired strength is set. At the
same time, in this way in particular the strength of sealing is set for at least two
gaps and in particular all the radial and axial gaps. The base friction is weak
while the magnetic field is weak, and sealing is strong while the relative
pressure or the rotational force is strong. Thus, the dynamics provided can be
much higher than in the prior art since not only the damping proper is

influenced but so is the sealing.

In fact, a braking momentum acts which is additively combined from the
existing base momentum and the damping momentum. Both the base
momentum and damping momentum are influenced by the effective (temporally
dependent and temporally controllable) magnetic field. In the case of weak
forces and moments to be damped, a weaker force of the magnetic field
generates a weaker base friction (base momentum). In the case of stronger
forces and moments to be damped, a stronger force of the magnetic field
generates a stronger base friction (base momentum). A stronger base
momentum does not show any adverse effects on responsivity if a
correspondingly stronger braking momentum is given. In particular the ratio of
the braking momentum to a base momentum in a medium operating range (in
particular exactly in the middle) is higher than 2:1 and preferably higher than
5:1 and particularly preferably higher than 10:1.

For conventional seals in pure oil circuits the gap dimension chosen must be
particularly small for obtaining a high level of sealing. This simultaneously also
results in a high base momentum in idling and correspondingly high wear to the

seals. This is prevented according to the invention.

In a particularly preferred configuration each of the gap sections is configured

as a gap. The gaps may partially merge into one another or may be configured
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separate from one another. Then the term gap section may be consistently

replaced by the term gap in the present application.

In a preferred configuration a substantial part of the magnetic field of the
magnetic field source passes through at least one and in particular two axial
gap sections formed at opposite ends between the housing and at least one of
the partition units for sealing the lateral axial gaps. Through the magnetic field
passing therethrough the magnetorheological particles present in the axial gap
are interlinked so as to obtain complete sealing that is also effective with high
pressures. Alternatively or additionally the magnetic field may be applied to at
least one radial gap section or gap between the partition unit connected with
the damper shaft and the housing sc that when the magnetic field is active this

radial gap (gap section) is sealed as well.

In a preferred specific embodiment at least one of the gap sections is
configured as a damping gap and at least one of the gap sections, as a sealing
gap. At least one of the damping gaps preferably shows a (considerably) larger
gap height than does a sealing gap. The gap height of the damping gap is in
particular at least double the size or at least 4 times the size or at least 8 times
the size of the gap height of a sealing gap. It is preferred for the gap height of a
sealing gap to be larger than 10 ym and in particular larger than 20 ym and
preferably between approximately 20 um and 50 ym. The gap height of a
damping gap, however, is preferably >100 pm and preferably >250 ym and it is
preferably between 200 ym and 2 mm gap height. In advantageous
configurations the gap height of a damping gap may be between
(approximately) 500 pm and 1 mm.

Basically all of the gap sections contribute to, or influence, the damping. The
passage through a damping gap (showing a larger gap height) may be
effectively controlled by a control device so as to provide for precise adjustment
of the active braking momentum. A damping gap showing a larger gap height

allows to convey a correspondingly high volume flow.
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Preferably the magnetic field source comprises at ieast one electric coil. It is
also possible to use two, three or more electric coils for forming the magnetic
field of the magnetic field source. It is also possible for the magnetic field
source to comprise at least one permanent magnet or for at least one

permanent magnet to be attributed to the magnetic field source.

In preferred specific embodiments both of the axial ends of the partition wall
connected with the damper shaft are each configured with a (front-face) axial
gap section respectively gap between the housing and the partition wall.
Preferably at least a substantial part of the magnetic field of the magnetic field
source passes through both of the axial gap sections between the housing and
the partition wall and provides for sealing the two (front-face) axial gap
sections. These gap sections then form the third gap section and a fourth gap
section. Then the axial gaps on both front faces are sealed by the magnetic
field. Passage control may also be influenced by controlling the strength of the
magnetic field at these sealing gaps. However, passage is decisively influenced

by the one or more damping gaps or damping gap sections.

It is also possible to use a non-rectangular partition unit. The partition units may
for example be semicircular and be accommodated in a corresponding
hemispherical accommodation in the housing. Then, gaps or gap sections will
also ensue in a (partially or predominantly) axial orientation and in a (partially or
predominantly) vertical orientation. In the sense of the present invention two
gap sections may also be understood to mean sections of different orientations

in a continuous gap.

Preferably two electric coils are provided which are in particular each disposed
adjacent to the damper volume. Preferably one controllable electric coil is
associated with one axial gap each. In particular one controllable electric coil

each is accommodated axially outwardly in the vicinity of an axial gap.

in all the configurations it is preferred for the magnetic field to extend
transverse to at least one of the gap sections. In particular the magnetic field

extends transverse to at least two, three or more gap sections. A magnetic field
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extending transverse to the gap section achieves a particularly strong effect.
Then the magnetic field may be oriented perpendicular to the gap section.

Alternately the magnetic field may extend inclined through the gap section.

It is preferred for at least one radial gap section to be configured as a damping
duct and to be disposed radially between the partition unit connected with the
damper shaft and the housing. It is also possible and preferred for at least one
axial gap section to be configured as a damping duct and to be disposed axially
between the partition unit connected with the damper shaft and the housing.

Particularly preferably both the axial gaps and the radial gaps are sealed by

means of the magnetic field of the magnetic field source.

Preferably at least a substantial part of the magnetic field of the magnetic field
source passes through the damping duct. Particularly preferably at least a
substantial part of the magnetic field of the magnetic field source passes
through all of the gap sections. A "substantial part" of the magnetic field is in
particular understood to mean a proportion of >10% and preferably a proportion

of more than 25%.

In all the configurations it is also possible for at least one gap section to be
sealed by means of a mechanical seal. It is the object of the seal to prevent or
delimit mass transfer and pressure loss/ pressure drop between spaces. Such
a mechanical sealant may be a mechanical seal such as a sealing lip, sealing
strip, gasket, profiled gasket, brush seal, or an O-ring or quadring or the like.
For example the gap section extending between the partition unit connected
with the housing and the damper shaft may be sealed by a mechanical sealant
while the gap section between the partition unit connected with the damper
shaft and the housing and the axial gap sections are subjected to the magnetic

field of the magnetic field source for setting the desired damping.

In all the configurations it is particularly preferred for the housing to comprise a
first and a second end part and in-between, a center part. In particular the

center part may consist of two or more separate sections. In particular at least
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one of the two end parts and in particular both of the end parts accommodate
one electric coil each. The axis of the coil is in particular oriented substantially
in parallel to the damper shaft. This achieves a compact structure which allows
to obtain a high level of sealing by means of the magnetic field of the magnetic

field source.

Preferably the housing consists at least substantially of a magnetically
conductive material showing relative permeability of above 100. The relative
permeability is in particular above 500 or above 1000. It is possible for the
housing to consist entirely, or substantially, or at least for a substantial part, of
such a material. Particularly preferably at least one of the housing sections

adjacent to the damper volume consists of a magnetically conductive material.

Preferably a (separate) ring is disposed axially adjacent to the electric coil in
the housing. The ring is in particular disposed axially between the electric coil

and the damper volume.

It is possible for the ring and/or the electric coil to be located substantially, or
nearly completely, or completely, radially further outwardly than the damper
volume. Preferably the ring is located axially adjacent to and bordering a center
part of the housing. In these configurations it is preferred for the ring to consist
at least substantially or entirely of a material showing relative permeability of
less than 10. The relative permeability of the ring material is in particular less
than 5 or even less than 2. The ring thus preferably consists of magnetically
non-conductive materials. The ring may for example consist of austenitic steel.
The ring material shows magnetic permeability so as to reliably prohibit
magnetic short-circuits of the magnetic field of the magnetic field source. In
these configurations the ring is in particular configured as a flat washer or a

hollow cylinder.

In other configurations the ring and/or the electric coil is disposed
(substantially) not adjacent to the center part of the housing. Then it is possible
and preferred for the ring and/or the electric coil to be disposed radially further

inwardly and/or at least partially or entirely adjacent to the damper volume. The

10
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ring may be configured as a hollow cylinder and in particular as a hollow cone
frustum. Then the ring shows radially outwardly a thinner wall thickness than it
does radially farther inwardly. The cross-section of the ring shows an inclined
orientation. In these configurations the ring preferably consists of a
magneticaily conductive material. Then the relative permeability of the ring
material is preferably above 10 and particularly preferably above 50 and in
particular above 100. The configuration is very advantageous since it allows to
reliably prevent leakage through the (axial) gap section in the region of the
electric coil. The ring preferably shows the shape of a cone frustum with a
hollow cylindrical interior and consists of a magnetically conductive material. An
arrangement of the coil laterally adjacent the damper volume prevents leakage
in the region of the coil, in particular with a sufficiently strong active magnetic
field.

In all the configurations a magnetic sealing of the axial gaps on the front faces
increases damping. Moreover, pressure loss within the axial gap due to transfer

of magnetorheological fluid is prevented.

In all the configurations it is particularly preferred to convey the
magnetorheclogical fluid by way of relative pivoting motion of the damper shaft
and of the housing through at least one (damping) gap from one chamber into

the other chamber.

It is possible and preferred for the damper shaft to show two or more partition
units disposed distributed over the circumference. Then preferably two or more
partition units are correspondingly configured on the housing distributed over
the circumference. Preferably the one partition unit connected with the damper
shaft interacts with a partition unit connected with the housing. A plurality of
pairs of partition units allows to increase the maximally effective braking

momentum.

If only one partition unit is configured on the damper shaft and only one
partition unit is configured on the housing, the maximally feasible swiveling

angle between the damper shaft and the housing is as a rule less than 360° or

11
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amounts to (almost) 360°. If two partition units each are used, the maximum
swiveling angle is up to (and as a rule slightly less than) 180°. Accordingly,
given four partition units on the damper shaft and the housing, swiveling angles
of less than 90° or up to 90° are feasible as a rule. If high braking moments are
required and only a limited swiveling angle is necessary, a suitable rotary

damper can thus be provided using simple means.

Preferably, given a pertaining number of partition units, a corresponding
number of chambers or pairs of chambers are formed wherein one part thereof
forms a high pressure chamber in a pivoting motion while another part thereof
forms a low pressure chamber. Then the high pressure and low pressure
chambers are preferably interconnected through suitable connection ducts to
thus provide at all times pressure compensation between the individual high
pressure chambers respectively the individual low pressure chambers. The
effectiveness of the entire rotary damper is not affected by these connection
ducts since in theory an identical pressure is intended to prevail at all times in
all the high pressure chambers (low pressure chambers). It has been found,
however, that suitable connection ducts allow to improve functionality and

tolerances if any can be compensated.

In preferred configurations an equalizing device with an equalizing volume is
provided. The equalizing device serves in particular to enable leakage and/or
temperature compensation. The equalizing device allows to provide for volume
compensation in the case of varying temperatures. Moreover an improved long-
time functionality can be ensured since a suitable equalizing volume also
allows compensation of leakage loss over extended periods of time without

adversely affecting functionality.

In preferred configurations of all the embodiments and configurations described
above the equalizing volume is connected with the two chambers (high
pressure side and low pressure side) through a valve unit. The valve unit is
preferably configured to establish a connection between the equalizing volume
and a low pressure chamber and to block a connection between the equalizing

volume and the high pressure chamber. In simple configurations this

12
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functionality is provided by a double-acting valve of a valve unit wherein both of
the valves of the valve unit close if in the adjacent chamber a higher pressure
prevails than in the equalizing volume. This results in automatic conveying of
volume out of the equalizing volume respectively into the equalizing volume as

the pressure in the pertaining low pressure chamber decreases or increases.

In preferred configurations the or a part of the equalizing device is
accommodated in the interior of the damper shaft. This saves mounting space.
The damper shaft in particular comprises a hollow space in its interior. The
hollow space is preferably accessible from (at least) one axial end of the
damper shaft. In particular at least part of the hollow space or the entire hollow
space is formed as a round or evenly configured hollow cylinder. Preferably a
raceway for a dividing piston is configured in the hollow space or hollow
cylinder to separate an air chamber or fluid chamber from an equalizing volume
in particular filled with MRF. The equalizing volume is preferably connected
with at least one connection duct having at least one chamber to provide for

volume compensation e.g. in temperature fluctuations or leakage loss of MRF.

In all the configurations and specific embodiments the damper shaft may be
configured as one piece. In preferred configurations the damper shaft is
configured in two pieces or three pieces or multiple pieces. Preferably the two,
three or more parts can be non-rotatably connected or coupled with one
another. In a configuration where a hollow portion of the damper shaft (hollow
shaft) accommodates an equalizing device as described above, a junction shaft
is preferably provided which is axially connected and non-rotatably coupled
with the hollow shaft. The junction shaft and the hollow shaft may preferably be

axially screwed to one another.

In all the configurations it is preferred for at least one duct to run from the
interior to the housing surface which duct is connected on the inside with at
least one chamber and which can be closed at the outwardly end for example
by a cover. Then an external equalizing device may be connected from the
outside as required. A hollow space that may be present in the interior of the

damper shaft may be filled up with an insert.
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Preferably the housing is provided with at least one sensor and in particular at
least one angle sensor and/or at least one displacement sensor. In preferred
configurations an absolute angle sensor or displacement sensor and/or a
relative angle sensor or displacement sensor may be provided. Then for
example an imprecise absolute sensor always provides an approximate value
while following movement, the relative sensor then obtains a precise value
which can then be used. Then for example in the case of a switch-off there will

always be an "approximately” correct value for first starting controlling.

The housing and in particular an outside surface of the housing is preferably
provided with at least one mechanical stopper interacting with the damper shaft
and providing an effective rotational angle limiter without having the partition
walls go into lockout. This facilitates the mechanical design of the strength of

the components.

In all the configurations it is preferred to provide a temperature sensor for
capturing the temperature of the magnetorheological fluid. Such a temperature
sensor allows to provide for controlling adapted to the presently prevailing
temperature so that the rotary damper always shows the same performance

independently of the temperature of the magnetorheological fluid.

In all the configurations it is particularly preferred for the damping circuit of the
magnetorheological fluid to be disposed completely inside the housing. This

allows a particularly simple and compact structure.

Preferably an angle sensor is provided for capturing a measure for an angular
position of the damper shaft. This enables angle-dependent damping control.

For example increased damping may be set near an end position.

In all the configurations it is preferred to provide a load sensor for capturing a
characteristic value of a rotational force on the damper shaft. This then allows
load-dependent control for example to optimally utilize the damper trave! still

available.
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In all the configurations it is also preferred that at least one sensor device is
comprised including at least one position and/or distance sensor for capturing a
position and/or distance from surrounding objects. The control device is
preferably configured and set up to control the rotary damper in dependence on

the sensor data from the sensor device.

An apparatus according to the invention comprises at least one rotary damper
as described above. Such an apparatus may be configured as a machine or for
example as a winding device or winding machine or loom or other machine.
Use with other machines and systems is also possible and preferred. Thus, an
apparatus according to the invention may be configured as a door device or
safety steering column of a motor vehicle. An apparatus according to the
invention comprises two units movable relative to one another and at least one

rotary damper as described above.

In a preferred specific embodiment the apparatus comprises a control device

and a plurality of interconnected rotary dampers.

In particular an apparatus having multiple interlinked rotary dampers allows a

great variety of applications.

In all the configurations the rotary damper allows a great variety of uses. A
considerable advantage of the rotary damper according to the invention
consists in the fact that the displacing device comprises magnetorheological
fluid as a working fluid. Thus the magnetic field of the magnetic field source can
be controlled and set by a control device in real time, i.e. in a matter of
milliseconds (less than 10 or 20 ms) and thus the braking momentum applied

on the damper shaft is also set in real time.

The rotary damper comprises a displacing device. The displacing device
comprises a damper shaft and rotating displacing components. The rotary
motion of the damper shaft can be damped (monitored and controlled). The
displacing device contains magnetorheological fluid as a working fluid. At least

one control device is associated. Furthermore at least one magnetic field
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source is provided respectively comprised including at least one electric coil.
The magnetic field source can be controlled via the control device and the
magnetorheological fluid can be influenced via the magnetic field for setting

and adjusting the rotary motion of the damper shaft.

Such a rotary damper is very advantageous in an apparatus. One advantage is
that the displacing device is provided with magnetorheological fluid as a
working fluid. Thus the magnetic field of the magnetic field source can be
controlled and set by a control device in real time, i.e. in a matter of
milliseconds (less than 10 or 20 ms) and thus the braking momentum applied
on the damper shaft is also set in real time if the rotary damper is intended to
apply a specific braking momentum. The structure of the rotary damper is
simple and compact and requires a small number of components so as to
provide a rotary damper inexpensive in manufacturing and provided to be

incorporated into the apparatus.

The structure of the rotary damper according to the invention is simple and
compact and requires a small number of components so as to provide a rotary
damper inexpensive in manufacturing even in (large-batch) series production.
In all the configurations it is possible and preferred for the magnetic field source
to comprise at least one (additional) permanent magnet. A permanent magnet
allows to generate a controlled static magnetic field for example to generate or
provide a base momentum of a specific level. This magnetic field of the
permanent magnet may be intentionally boosted or weakened by means of the
electric coil of the magnetic field source so that the magnetic field can
preferably be set and adjusted as desired between 0 and 100 %. This results in
a braking momentum which can also preferably be set between 0 % and

100 %. If the magnetic field is switched off or reduced to a low value, a weak or

very weak base momentum can be generated.

It is possible and preferred to permanently change the magnetization of the
permanent magnet by at least one magnetic pulse of an electric coil. In such a
configuration the permanent magnet is influenced by magnetic pulses of the

coil so as to permanently change the field strength of the permanent magnet.
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The permanent magnetization of the permanent magnet may be set by the
magnetic pulse of the magnetic field generating device to any desired value
between zero and remanence of the permanent magnet. The magnetization
polarity can be changed as well. A magnetic pulse for setting the magnetization
of the permanent magnet is in particular shorter than 1 minute and preferably
shorter than 1 second and particularly preferably the pulse length is less than

10 milliseconds.

The effect of a pulse is that the shape and strength of the magnetic field is
maintained permanently in the permanent magnet. The strength and shape of
the magnetic field may be changed by at least one magnetic pulse of the
magnetic field generating device. A damped magnetic alternating field can

demagnetize the permanent magnet.

A material suitable for such a permanent magnet showing changeable
magnetization is for example AINiCo but other materials showing comparable
magnetic properties may be used as well. Moreover it is possible to
manufacture instead of a permanent magnet the entirety or parts of the
maghnetic circuit from a steel alloy showing strong residual magnetization (high

remanence).

It is possible to generate with the permanent magnet, a permanent static
magnetic field which can be superposed by a dynamic magnetic field of the coil
for setting the desired field strength. The magnetic field of the coil may be used
to change the present value of the field strength as desired. Alternately, two

separately controlled coils may be used.

In all the configurations it is preferred for the permanent magnet to consist at
least in part of a magnetically hard material whose coercive field strength is

above 1kA/m and in particular above 5kA/m and preferably above 10kA/m.

The permanent magnet may at least in part consist of a material showing a
coercive field strength of less than 1000 kA/m and preferably less than

500 kA/m and particularly preferably less than 100 kA/m.
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In all the configurations it is preferred to provide at least one energy storage
device. The energy storage device is in particular rechargeable. The energy
storage device is in particular mobile and may be disposed on, or even
incorporated in, the rotary damper. The energy storage device may for example

be configured as an accumulator or a battery.

The rotary damper may also serve to damp rotary motion between two
components so as to damp for example rotary motion of a car door or a tailgate
of a motor vehicle or a gull-wing door or a hood (bonnet). It may also be

employed in a machine to damp its rotary motions.

The presently described rotary damper may be extremely compact in structure
and very inexpensive in manufacture. The magnetic sealing by way of
magnetorheological fluid allows to achieve a high-level sealing effect. High

maximum pressures of 100 bar and more are achievable.

The force path in the rotary damper according to the invention may be
controlled continuously, variably and very fast by way of the electric current

applied to the electric coil.

When a rotary damper is used to damp the rotary motion of a door or other
components, a transmission for decelerating the door during opening or closing
is not required. The feasible high braking momentum allows to directly damp
the rotary motion of the door. This increases sensitiveness respectively the

haptic characteristics of the door.

The rotary damper may advantageously be linked to a computer to set and
adjust the rotary damper or the device and/or to protocal its operation. Then the

ideal settings and adjustments are programmed in the computer.

There may also be provided moticn conversions between rotative and linear or
to other motion forms by lever. Use is also feasible in mine blast protection

seats.
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The invention may be used in a great variety of devices. Any commonly used
linear dampers are replaced by the rotation dampers according to the invention
which are in direct or indirect connection with parts of the device or the
apparatus. The rotation damper may for example be attached in a pivot point
and be operatively coupled with the legs. Preferably the rotary damper doubles
as the point of support for the pivoting part. This achieves a very compact and
inexpensive structure. Such a flat structure of a rotation damper is very

advantageous.

The spring may be a torsion spring, coil spring, leaf spring or air/ gas spring in

functional connection with other parts.

It may be employed in an apparatus with the rotary damper disposed between
two components of the apparatus which are adjustable and in particular
contrarotatable relative to one another. One of the components is coupled with
a first side and the other of the components, with the other side so as to allow
controlled damping, complete decoupling, or adjusting relative rotation of the
components relative to one another via the rotary damper. This provides an
active apparatus suitable for setting to a variety of different conditions.
Preferably the two halves are coupled in the zero-current state (e.g. by
permanent magnet or remanence in the magnetic field circuit) and they are

decoupled as desired by means of electric current.

The features according to the invention allow to achieve high pressure drops
even in the case of complex contours and contour transitions, involving little

technical work and costs.

Another rotary damper according to the invention comprises a housing, at least
one magnetic field source and a damper volume provided with
magnetorheological fluid and subdivided by at least one partition unit
connected with a damper shaft into at least two (variable) chambers. Gap
sections are formed between the partition unit and the housing. At least one
magnetic field source with at least one controllable electric coil is comprised.

The housing, the magnetic field source and the partition unit are configured and
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set up for a magnetic field of the magnetic field source to flow through the
significant gap sections between the partition unit and the housing. The
strength of damping is in particular adjusted in dependence on the strength of

the magnetic field.

Preferably at least one partition unit is provided that is connected with the
housing. A gap section is in particular configured between the partition unit and

the shaft through which the magnetic field of the magnetic field source can flow.

The partition unit connected with the shaft is in particular configured as a

swiveling vane.

Advantageously a radial damping gap and two axial sealing gaps are

configured between the swiveling vane and the housing.

A method according to the invention for damping movements by means of a
rotary damper provides for the rotary damper to comprise at least one magnetic
field source and a damper volume provided with magnetorheological fluid and
subdivided into at least two chambers by at least one partition unit connected
with a damper shaft. Gap sections are formed between the partition unit and
the housing. A magnetic field of the magnetic field source flows (as required)
through the significant gap sections between the partition unit and the housing
to influence the damping and in particular to set and adjust the strength of
damping. The magnetic field source comprises at least one controllable electric
coil and controls the damping strength by way of the strength of the magnetic
field. The controlled magnetic field acts simultaneously in the significant gap
sections. This controls not only the damping but it likewise controls the sealing
strength, thus changing the base momentum. Thus, the base momentum is

considerably lower in the case of weak magnetic field strengths.

Basically, permanent magnets for sealing the gap with MRF may be attached in
any place as is described in US 6,318,522 B1. One permanent magnet or
multiple permanent magnets may be employed. Basically these act as do

mechanical (rubber) sealing members. This is also feasible on a pivoting
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component including in the interior pressure area. This sealing is also feasible for
rectangular surfaces. Such a sealing is not or not readily possible with electric coils
which must be incorporated virtually "centrally" in the magnetic circuit. Preferably in a
préssureless area and with fixed cables and round as a winding part. Attachment is
thus much more complicated than in the case of permanent magnets. Particularly if
the lowest possible quantity of electric coils is intended to influence more than one
gap or all of the gaps. With the present invention the coils are not subjected to
pressure and their winding may be normal. In total the construction is very simple and
inexpensive in manufacture. Moreover the base momentum varies with the strength
of the generated magnetic field. In the case of a very low or absent magnetic field the

friction is set very low since the gaps are large.

In all the configurations the swiveling angle can be varied by means of the quantity of
partition units or the quantity of vanes. In the case of one partition unit, a swiveling
angle of ca. 300 degrees is achieved. Two partition units provide for a swiveling angle
of ca. 120 degrees and with four vanes, ca. 40 degrees. The more partition units are

provided, the higher is the transmissible momentum.

It is also possible to series-connect, i.e. to cascade, two or more partition units
(swiveling vanes). One single partition unit allows a swiveling angle of ca. 300
degrees. Connecting the output shaft with the housing of a second rotary damper
enables 600 degrees on the output shaft of the second rotary damper. In applications
requiring more than 300 degrees the swiveling angle can thus be increased.
Providing suitable nesting the realization will save on mounting space.

According to an embodiment, there is provided rotary damper comprising a housing,
a damper shaft rotatably accommodated thereat, a displacing device in the housing;
and at least one magnetic field source, the displacing device comprising a damper
volume with magnetorheological fluid as a working fluid by means of which it can
operate to influence the damping of the rotary motion of the damper shaft relative to
the housing, the displacing device comprising at least two partition units which

21
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subdivide the damper volume into at least two variable chambers wherein at least
one of the partition units comprises a partition wall connected with the housing, and
wherein at least one of the partition units comprises a partition wall connected with
the damper shaft, wherein a gap section is configured in the radial direction between
the partition unit connected with the housing and the damper shaft, and wherein a
gap section is configured in the radial direction between the partition unit connected
with the damper shaft and the housing, and wherein at least one gap section is
configured in the axial direction between the partition unit connected with the damper
shaft and the housing, and wherein the magnetic field source comprises at least one
controllable electric coil for influencing the strength of the magnetic field and thus the
strength of damping, and wherein at least a substantial part of the magnetic field of
the magnetic field source passes through at least two of the indicated gap sections,
simultaneously influencing at least the two gap sections in dependence on the
strength of the magnetic field, and wherein at least one of the gap sections is
configured as a damping gap and at least one of the gap sections is configured as a
sealing gap and wherein at least one damping gap shows a larger gap height than

does a sealing gap.

According to another embodiment, there is provided apparatus or machine,

comprising at least one rotary damper as described herein.

According to another embodiment, there is provided rotary damper comprising a
housing, at least one magnetic field source and a damper volume provided with
magnetorheological fluid which is subdivided into at least two chambers by at least
one partition unit connected with a damper shaft, wherein gap sections are formed
between the partition unit and the housing, wherein at least one magnetic field source
with at least one controllable electric coil is comprised, and wherein the housing, the
magnetic field source and the partition unit are configured and set up for a magnetic
field of the magnetic field source to flow through the significant gap sections between
the partition unit and the housing and to set and adjust the strength of damping in

dependence on the strength of the magnetic field, and wherein the housing

21a
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comprises a first and a second end part and in-between, a center part, wherein at
least one of the two end parts accommodates an electric coil, wherein the axis of the

coil is oriented substantially in parallel to the damper shaft.

According to another embodiment, there is provided method for damping movements
by means of a rotary damper wherein the rotary damper comprises at least one
magnetic field source and a damper volume provided with magnetorheological fluid
and subdivided into at least two chambers by at least one partition unit connected
with a damper shaft, wherein gap sections are configured between the partition unit
and the housing, wherein a controllable electric coil of a magnetic field source
controls the strength of the magnetic field and thus the strength of damping, and
wherein the magnetic field of the magnetic field source flows through the significant
gap sections between the partition unit and the housing to simultaneously influence
the strength of damping in the gap sections in dependence on the strength of the
magnetic field, and wherein the housing comprises a first and a second end part and
in-between, a center part, wherein at least one of the two end parts accommodates
an electric coil, wherein the axis of the coil is oriented substantially in parallel to the
damper shatft.

Further advantages and features of the present invention can be taken from the
description of the exemplary embodiments which will be discussed below with
reference to the enclosed figures.

The figures show in:

21b
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Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10

Figure 11

Figure 12

Figure 13

Figure 14
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a car door with a rotary damper according to the invention;

a fitness apparatus with a rotary damper according to the

invention;

a sectional detail view of a rotary damper according to the

invention;

a schematic section of a rotary damper according to the

invention;

a section of another rotary damper according to the invention;

a sectional detail view of another exemplary embodiment of

the rotary damper according to the invention;

a section of the rotary damper of Figure 6;

a section of another rotary damper;

a section along the line B - B in Figure 8;

an enlarged detail of Figure 9;

a cross-section of a rotary damper according to the invention

with the magnetic field curve inserted;

another cross-section of the rotary damper of Figure 11 with

the magnetic field curve inserted;

a schematic cross-section of a rotary damper according to the

invention;

different views of a damper shaft for a rotary damper;
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Figure 15 a section of yet another rotary damper,

Figure 16 a schematic cross-section of another rotary damper according

to the invention:

Figure 17 a rotary damper according to the invention including a torsion
bar;
Figure 18 a sectional detail view of another rotary damper according to

the invention;

Figure 19 a cross-section of the rotary damper of Fig. 18;
Figure 20 a longitudinal section of the rotary damper of Fig. 18; and
Figure 21 an alternative embodiment of the rotary damper of Fig. 18.

Figure 1 shows an exemplary embodiment of the invention, presently a door
101 of a vehicle and in particular a motor vehicle, the door 101 at the swivel
joint being equipped with a rotary damper 1 according to the invention capable
of damping movements of the door 101 between the open and closed
positions. Depending on the configuration the rotary damper 1 may be attached
directly on the pivot axle. Alternatively it is possible for the rotary damper 1 to

be connected with contra-pivoting parts by way of kinematics.

Figure 2 shows an exerciser 300 configured as a leg extension machine.
During the exercises the person exercising is located on a seat 305, lifting a leg
lever 309 by extending his legs respectively knees. The leg lever 309 serves as
an actuating member 301 and is pivotally attached to the seat 305. The pivoting
motion can be damped by means of a damper device 1. The damper device 1
is for example the rotary damper already illustrated in the Figures 1 and 2
which will be discussed in more detail below with reference to the other

Figures.
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Figure 3 shows a sectional detail view of the rotary damper which is applied in
principle in the example of Figure 1 and in the example of Figure 2. The rotary
damper 1 has a housing 12 and a damper shaft 3 configured pivotable relative
to one another. The damper shaft 3 is rotatably supported in the housing 12 by
means of sliding bearings 44. This housing 12 consists of three sections or
housing parts, a first end part 22 and a second end part 24 at the other end and
in-between, a center part 23. Each of the parts respectively each of the regions
is a separate component which are connected with one another during
mounting. Alternately it is possible for the three housing part sections or

regions to be parts of one single component, or to form two components.

The two end parts 22 and 24 accommodate a circumferential electric coil 9
each, which serve o generate the magnetic field required for damping. The
internal space of the rotary damper 1 provides a damper volume 60. A
displacing device 2 comprising partition units 4 and 5 is configured in the
housing. The partition units 4 and 5 partition the damper volume 60 into two or
more chambers 61 and 62. The partition unit 4 is configured as a partition wall
and fixedly connected with the housing 12. The partition unit 5 is likewise
configured as a partition wall or a swiveling vane and is fixedly connected with
the damper shaft 3. Preferably the partition unit 5 is formed integrally with the
damper shaft 3. The damper volume 60 is presently filled with
magnetorheological fluid 6. The damper volume 60 is sealed outwardly by
means of a seal 28 in the housing part 22. If a pivoting motion occurs, the
partition units 4 and 5 displace the magnetorheological fluid (MRF) contained in
the damper volume so that the MRF partially flows from the one into the other

chamber.

The magnetic field source 8 in the housing part 22 consists of electric coils 9
and may furthermore comprise at least one permanent magnet 39 each being
annular in configuration and accommodated in the housing part 22. In this
exemplary embodiment the two end parts are provided with electric coils 9 and
optionally also with permanent magnets 39. The permanent magnet 39
specifies a specific magnetic field strength which may be modulated through

the electric coil 9 and can thus be neutralized or boosted.
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Two partition units 4 protrude radially inwardly from the housing into the
damper volume 60. The partition units 4 form partition walls and thus delimit the
feasible rotary motion of the damper shaft 3 on which two partition units 5 are
also configured which protrude radially outwardly from the damper shaft.
Rotating the damper shaft 3 swivels the partition walls 5 which thus form

swiveling vanes.

The electric coils 9 in this exemplary embodiment are disposed radially
relatively far outwardly and are axially inwardly delimited by a ring 20 that is
magnetically non-conductive or poorly conductive and serves to form the

magnetic field curve. The ring 20 has a hollow cylindrical shape.

These partition units 5 show connection ducts 63 which will be described in

more detail in the discussion of Figures 5 and 14.

Figure 4 shows a cross-section of a simply structured rotary damper 1. The
displacing device comprises just one (single) partition unit 4 which extends
radially inwardly from the housing into the damper volume 60. The interior of
the housing rotatably accommodates the damper shaft 3 from which again only
one partition unit 5 extends radially outwardly. The partition units 4 and 5 of the
displacing device 2 serving as partition walls variably subdivide the damper
volume 60 into two chambers 61 and 62. As the damper shaft rotates in the
clockwise direction the volume of the chamber 61 is reduced and the volume of
the chamber 62 is enlarged while a reversed rotary motion causes the volume

of the chamber 61 to enlarge correspondingly.

Figure 5 shows a cross-section of another exemplary embodiment with two
partition units each attached to the housing and the damper shaft 3. The
partition units 4 and 5 disposed symmetrically thus enable a swiveling motion of
the damper shaft 3 by nearly 180°. Between the partition units 4 and 5, two
chambers 61 and 61a, and 62 and 62a respectively are formed. As the damper
shaft 3 is rotated clockwise, the chambers 61 and 61a form the high pressure

chambers while the chambers 62 and 62a are then low pressure chambers.
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To cause pressure compensation between the two high pressure chambers 61
and 61a, suitable connection ducts 63 are provided between the chambers 61
and 61a, and 62 and 62a.

Between the radially outwardly end of the partition units 5 and the inner
periphery of the basically cylindrical damper volume 60, a radial gap 27 is
formed which serves as a damping duct 17. Moreover, radial gaps 26 are
configured between the radially inwardly end of the partition units 4 and the
damper shaft 3. The gaps 26 are dimensioned so as to enable smooth
rotatability of the damper shaft 3 and to reliably prevent the magnetorheological
particles from jamming in the magnetorheological fluid inside the damper
volume B0 near the gaps 26. To this end the gap 26 must show a gap height
that is at least larger than the largest diameter of the particles in the

magnetorheological fluid.

Such a large gap 26 of a size of approximately 10 um to 30 ym would usually
cause a considerable leakage flow through the gap 26. This would effectively
prevent high pressure build-up in the chambers 61 respectively 62. According
to the invention this is prevented in that a magnetic field is likewise applied on
the gap 26 so that the gap 26 is magnetorheologically sealed, at least when a
braking momentum is to be applied. This causes reliable sealing so as to

largely prohibit pressure loss.

Figure 6 shows another exemplary embodiment of a rotary damper 1 according
to the invention. The rotary damper 1 has a damper shaft 3 rotatably supported
in a housing 12. The damper shaft 3 or the housing respectively are connected

with junctions 11 and 13 pivotal relative to one another.

The damper volume 860 is subdivided into chambers 61 and 62 by partition units

4 and 5 as is the case in the exemplary embodiment according to Figure 5.

Again the housing 12 consists of three housing sections or housing parts, the
axially outwardly housing parts receiving one electric coil 9 each for generating

the required magnetic field.
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A power connection 16 supplies the rotary damper 1 with electric energy. A
sensor device 40 serves to capture the angular position. Moreover, the sensor
device can capture a measure of the temperature of the magnetorheological

fluid. The signals are transmitted through the sensor line 48.

The partition unit 4 is accommodated stationary in the housing 12 and is
preferably inserted into, and fixedly connected with, the housing during
mounting. To prevent magnetic short circuit in the regions of the partition unit 4,
an insulator 14 is preferably provided between the partition unit 4 and the

housing parts 22 respectively 24.

Figure 6 shows the equalizing device 30 which comprises an air chamber 32
that is outwardly closed by a cap 35. The air chamber 32 is followed inwardly
by the dividing piston 34 which separates the air chamber 32 from the
equalizing volume 29. The equalizing volume 29 is filled with
magnetorheological fluid, providing compensation in temperature fluctuations.
Moreover the equalizing volume 29 serves as a reservoir for leakage loss

occurring during operation.

Figure 7 shows a cross-section of the rotary damper of Figure 6 wherein one
can recognize that pairs of opposite partition units 4 and 5 are disposed in the
housing respectively attached to the damper shaft 3. Between each of the
partition units 4 and 5, chambers 61 and 61a respectively 62 and 62a are
formed in the damper volume 60. The insertion of pairs of partition units 4 and
5 allows to double the active rotational force. The equalizing volume 29 is

connected through a duct 36.

The duct 38 is guided into the damper volume 60 on the edge of the partition
unit 4 so that even in the case of a maximal pivoting motion between the
damper shaft 3 and the housing 12 a connection with the equalizing volume 29
is provided. In this configuration the equalizing volume must be prestressed to
beneath the maximum operating pressure by applying suitable pressure on the
air chamber 32. The prestress may also be applied by a mechanical element

such as a coil spring.
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Figure 8 shows a cross-section of another exemplary embodiment of a rotary
damper 1 according to the invention which in turn is provided with pairs of
partition units 4 and 5 each of which is connected with the housing or the
damper shaft 3 respectively. Again, two electric coils are provided which are
invisible in the illustration of Figure 8 because they are respectively disposed in

front of and behind the sectional plane.

Between the inner housing wall and the radially outwardly end of the partition
elements 5 a radially outwardly gap 27 is formed on which a suitable magnetic
field is applied for damping. A gap 26 is formed radially inwardly between each
of the inner ends of the partition elements 4 and the damper shaft 3 which is

sealed by way of a magnetic field.

Unlike in the preceding exemplary embodiment the equalizing volume is
connected centrally. The equalizing volume 29 is connected with the interior of

a partition unit 4 via the duct 36.

Figure 9 shows the cross-section B - B of Figure 8, and Figure 10 shows an
enlarged detail of Figure 10. The duct 36 is schematically drawn in Figure 10
and is connected with a duct in which a valve unit 31 is disposed which is
presently a double-acting valve unit. The valve unit 31 comprises two valve
heads 31a at the opposite ends of the duct. Seals 33 serve for sealing when
the pertaining valve head 31 is disposed in its valve seat. The duct 36 opens

into an intermediate region.

On the side where the higher pressure is prevailing the valve head 31 of the
valve unit 31 is pressed into the pertaining valve seat. On the other side this
makes the valve head 31a lift off the valve seat and allows a free flow
connection to the duct 36 and thus to the equalizing volume 29. This enables
the compensation of temperature fluctuations. Moreover, if leakage loss occurs,
magnetorheological fluid is transferred out of the equalizing volume into the

damper volume.
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An advantage of this construction is that the equalizing volume only requires a
relatively low prestressing pressure of 2, 3 or 4 or 5 bar since the equalizing
volume is always connected with the low pressure side and not with the high
pressure side of the rotary damper. This configuration reduces the loads and
stresses on the seals and increases long-term stability. If the equalizing volume
is connected with the high pressure side, a prestressing pressure of 100 bar

and more may be useful.

Figures 11 and 12 show cross-sections of the rotary damper 1 illustrating
different cross-sections. Figure 11 shows a cross-section illustrating the
partition units 4 connected with the housing in section. The magnetic insulator
between the housing side parts 22 and 24 and the partition wall 4 causes the
inserted curve of the magnetic field line. The magnetic field lines pass through
the radially inwardly gap 26 between the inner end of the partition units 4 and
the damper shaft 3 where they thus reliably seal the gap. When the magnetic

field is switched off, the damping is reduced, and a weak base friction results.

In the section according to Figure 11 one can also recognize the sliding
bearings 44 for supporting the pivot shaft and the seals 28 for sealing the

interior.

Figure 12 shows a cross-section of the rotary damper 1, wherein the section
passes through the damper shaft 3 and a partition unit 5 connected therewith.
The other of the partition units 5 connected with the damper shaft 3 on the
opposite side is shown not in section. Figure 12 also exemplarily shows the
curve of a magnetic field line. It becomes clear that the axial gaps 25 between
the partition unit 5 and the housing parts 22 and 24 are sealed by the magnetic
field. Furthermore, the radial gap 27 between a radially outwardly end of the
partition unit 5 and the housing is also exposed to the magnetic field so that the

magnetorheological particles interlink, sealing the gap.

Figure 13 shows another schematic cross-section not to scale of a damper
device 1 wherein the top half shows a section of the damper shaft 3 and the

partition unit 5 connected therewith while the bottom halif shows a section of the
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partition unit 4 connected with the housing. Magnetic field lines are exemplarily
drawn. Between the partition unit 4 and the damper shaft there is a narrow gap
26 preferably showing a gap height between approximately 10 and 50 ym. In
the axial direction the partition unit 4 lies closely against the lateral housing
parts. Between the partition unit 5 and the housing 12 there is a radial gap 27,

and on the two axial front faces, an axial gap 25 each.

As a rule the axial gaps 25 show a considerably lower gap height than does the
radial gap 27. The gap width of the axial gaps 25 is preferably like the gap
width of the radial gaps 26 and is preferably between approximately 10 and 30
um. The radial gap width 27 is preferably considerably |larger and preferably
lies between approximately 200 um and 2 mm and particularly preferably

between approximately 500 um and 1 mm.

As the damper shaft 3 swivels, the volume of a chamber decreases and that of
the other chamber increases. The magnetorheological fluid must substantially
pass through the gap 27 from the one into the other chamber. This gap 27
serves as a damping duct 17. As can be clearly seen in Figure 13, the
magnetic field lines pass through the damping duct 17 so as to allow to

generate a variable flow resistance therein.

The axial gaps 25 are likewise sealed by the magnetic field, at any rate when
its magnetic field is made strong enough so that it is no longer guided through
the damper shaft 3 alone. It has been found that with increasing strength of the
magnetic field the entire magnetic field is no longer guided through the damper
shaft 3 but it also passes axially through the axial gap 25 and thus, with
increasing strength, seals the entire axial gap 25. A suitable field strength seals

accordingly.

As has been described above, in this case the magnetically non-conductive

rings 20 serve to prevent a magnetic short circuit at the electric coil 9.

Figure 14 shows different views of the damper shafts 3 equipped with two

partition units, the partition units 5 and 5a being diagonally opposed so as to
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show a symmetric structure. Figure 14 shows the two connection ducts 63 each
interconnecting two opposite chambers 61 and 61a respectively 62 and 62a. To
enable pressure compensation between the two high pressure chambers and
the two low pressure chambers, while pressure exchange or fluid exchange of
a high pressure chamber and a low pressure chamber is only possible through

the damping duct 17.

Figure 15 shows a cross-section of another rotary damper 1. This rotary
damper is particularly small in structure. The rotary damper 1 of Figure 15 may
be employed in all the exemplary embodiments and its structure is basically the
same. The partition units 4 connected with the housing can be seen in section.
The magnetic insulator 14 between the housing side parts 22 and 24 and the
partition wall 4 causes a curve of the magnetic field lines similar to Figure 11.
When the magnetic field is switched off, the damping is again reduced and a
weak base friction results. The ring 20 is configured magnetically conductive to
ensure safe sealing of the lateral axial gaps 26 in the region of the partition
element 5. Sealing is safely obtained if a sufficient magnetic field strength is
present. Again, as in Figure 11, the sliding bearings 44 for supporting the

swiveling shaft and the seals 28 for sealing the interior can be recognized.

The electric coils 9 are radially arranged in the region of the damper volume. In
the region of the swiveling vane the frusto-conical shape of the rings 20
provided with a hollow cylinder leads to a secure sealing also of the lateral axial
gaps 26. The rings 20 presently consisting of a magnetically conductive
material cause reliable sealing of the axial sealing gaps 26 in the region of the

swiveling vane respectively partition elements 5.

Figure 16 shows a variant similar to Figure 7, wherein again, two partition units
each are attached to the housing and the damper shaft 3. The partition units 4
and 5 disposed symmetrically thus enable a swiveling motion of the damper
shaft 3 by almost 180°. Between each of the partition units 4 and 5 two high
pressure chambers and two low pressure chambers each are formed. The
partition units 4 and 5 are configured rounded and flow-optimized so as to

prevent flow separation and thus prevent undesirable sediments from the
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magnetorheological fluid. An equalizing device 30 comprising an equalizing
volume 29 is also provided. Figure 17 finally shows another exemplary
embodiment wherein the rotary damper 1 is additionally equipped with a spring
in the shape of a torsion bar. The damper shaft is coupled with one side and
the housing, with the other side so that relative motion or relative rotation of the
components relative to one another can be controlled to be damped via the
rotary damper 1. The components may be adjustable and also provided for
complete decoupling. This provides an active apparatus which may be set and

adjusted for different conditions.

Furthermore, the damper shaft 3 in Figure 17 is hollow. The spring in the shape
for example of a torsion bar is disposed in the interior of the damper shaft so as

to enable resetting by way of the spring force of the spring 47.

Figure 18 shows a sectional detail view of another rotary damper 1 wherein the
rotary damper 1 operates basically the same as does e.g. the rotary damper
according to Fig. 3. Therefore, to the extent possible the same reference
numerals are used, and the foregoing description applies identically also to the
rotary damper 1 of the Figures 18-20, unless the description is contrary or
supplementary or the drawings show something different. Fig. 21 shows a

variant of the rotary damper 1 according to Fig. 18.

The rotary damper 1 of Fig. 18 is likewise provided with a housing 12 and a
damper shaft 3 which are configured pivotable relative to one another. The
damper shaft 3 is rotatably supported in the housing 12 by means of roller
bearings 44. The damper shaft 3 in its entirety is configured in three parts as

will be discussed with reference to Fig. 20.

The housing 12 comprises a first end part 22 and a second end part 24 at the
other end thereof, and disposed in-between, a center part 23. Both ends also
accommodate external housing parts 12a with screwing apertures. The radially
outwardly housing part 12a shows a non-round coupling contour 70 with

recesses in the region of the end of the reference numeral line. Multiple
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recesses distributed over the circumference form the non-round coupling

contour which allows non-rotatable connection with further components.

The two end parts 22 and 24 accommodate a circumferential electric coil 9

each, which serve to generate the magnetic field required for damping.

As in all the exemplary embodiments, the magnetic field is controllable. As in all
the exemplary embodiments and configurations, a stronger magnetic field
generates stronger damping (braking action). Simultaneously the stronger
magnetic field also achieves better sealing of the gaps 25, 26 and 27 (see the
schematic diagram of Fig. 13). Reversely, all the exemplary embodiments and
configurations provide for setting and adjusting weaker damping (braking
action) by way of a weaker magnetic field. Concurrently the sealing effect at the
gaps 25 to 27 is weaker with a weaker magnetic field. This results in a lower
base momentum acting without a magnetic field. The sealing effect of the gaps
25 to 27 is low without a magnetic field. This allows to provide a wide setting
range as it is not possible in the prior art. The ratio of the maximal rotational
force (or maximal braking action) to the minimal rotational force (or minimal
braking action) within the provided swiveling angle or within the working area is

very large and larger than in the prior art.

In conventional rotary dampers, however, the minimal rotational force is already
high if a high maximal rotational force is to be generated. The reason is that the
seals of the gaps must be configured so as to ensure reliable or at least
sufficient sealing including in the case of high active pressures. Reversely, in
rotary dampers intended to have a low braking momentum in idiing, just a weak
maximal rotational force is achieved since the seals are configured so as to
produce low friction. In the case of high effective pressures this causes
considerable leakage flow which strongly delimits the maximally possible

rotational force.

The internal space of the rotary damper 1 provides a damper volume. A
displacing device 2 comprising partition units 4 and 5 is configured in the

housing. The partition units 4 and 5 partition the damper volume 60 into two or
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more chambers 61 and 62. The partition unit 4 is configured as a partition wall
and fixedly connected with the housing 12. The partition unit 5 is likewise
configured as a partition wall or a swiveling vane and is fixedly connected with
the damper shaft 3. Preferably the partition unit 5 is formed integrally with the
damper shaft 3. The damper volume 60 is presently filled with
magnetorheological fluid 6. The damper volume 60 is sealed outwardly by
means of a seal 28 in the housing part 22. If a pivoting motion occurs, the
partition units 4 and 5 displace the magnetorheological fluid (MRF) contained in
the damper volume so that the MRF partially flows from the one into the other
chamber. A connection duct or equalizing duct 63 serves for pressure
compensation between the chambers 61 and 61a. A suitable second
connection duct 63a (see Fig. 20) serves for pressure compensation between
the chambers 62 and 62a.

The rearwardly end in Fig. 18 also shows a valve 66 through which
compressible fluid is filled into the equalizing device 30. Nitrogen is in particular
used. The valve 66 may for example be incorporated in a screwed-in top or

cap.

The front end in Fig. 18 shows, outside of the housing 12 of the rotary damper
1, a mechanical stopper 64 which mechanically limits the feasible pivoting

range to protect the swiveling vanes inside against damage.

The magnetic field source 8 in the housing part 22 presently consists of electric
coils 9 each being annular and accommodated in the housing part 22. In this
exemplary embodiment both of the end parts are provided with electric coils 9.

A controller may predetermine the magnetic field strength.

Two partition units 4 protrude radially inwardly from the housing into the
damper volume 60. The partition units 4 form partition walls and thus delimit the
feasible rotary motion of the damper shaft 3 on which two partition units 5 are
also configured which protrude radially outwardly from the damper shaft.

Rotating the damper shaft 3 swivels the partition walls 5 which thus form
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swiveling vanes. The chambers 61 and 61a are reduced accordingly (see Fig.

19) or increased again.

Figure 19 also shows four air relief valves inserted in a prototype to achieve

faster filling and draining and (all of) which may not have to be realized.

As Fig. 20 also shows, the electric coils 9 in this exemplary embodiment are
radially disposed radially relatively far outwardly and are axially inwardly
delimited by a ring 20 that is magnetically non-conductive or poorly conductive
and serves to form the magnetic field curve. The ring 20 has in particular a

hollow cylindrical shape.

In the complete longitudinal section according to Fig. 20 the equalizing device
30 can be seen which is accommodated in the interior of the damper shaft 3.
The equalizing device 30 comprises an equalizing volume 29 filled with MRF,
which is separated from the air chamber 32 by a movably disposed dividing
piston 34. Both the air chamber 32 and also the dividing piston 34 and the
equalizing volume 29 are accommodated inside a hollow cylindrical takeup
space 30a entirely in the interior of the damper shaft 3. The hollow cylinder 30a
is closed at the axially outwardly end by a top with the valve 66. This
configuration allows a particularly compact, space-saving structure with only
very few parts protruding from the rotary damper 1 which is generally
substantially cylindrical. This increases the range of options as to installation

and application.

In Figures 18 to 20 the equalizing device 30 is connected through ducts (not
shown) with the duct 72 which is closed by a cover 71. This allows to optionally
couple an external equalizing device 30 and to insert an insert member in the
interior to largely fill the volume of the hollow cylinder 30a. This allows e.g. a
particularly wide range of temperature compensation. It is also possible to

ensure particularly long operating times even if some leakage occurs.

Figure 20 clearly shows the presently tripartite damper shaft 3 consisting of the

hollow shaft 3a, the junction shaft 3b and the projection 3c. The three parts are
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non-rotatably coupled with one another. It is also possible to configure the

damper shaft 3 in two parts or in one piece only.

Figure 21 shows a variant of the exemplary embodiment according to Figures
18 to 20 with a coupled external equalizing device 30. The further components
may be identical. The rotary damper 1 according to Fig. 18 virtually allows to
remove the cover 71 and to screw on the illustrated external equalizing device.
In the interior an air or fluid chamber 32 is configured separated by a dividing

piston 34 from the equalizing volume 29 filled with MRF.

In the interior of the hollow cylinder 30a an insert member 67 is accommodated

to void-fill the volume.

In the exemplary embodiment according to Fig. 21 two angle sensors 68 and
69 are attached as well. An angle sensor 68 providing reduced precision
measures the absolute angular position and the angle sensor 69 providing
enhanced precision, a relative angular position. This allows to provide a high-
precision sensor system which is rugged and reliable and still works with high

precision.

Overall, an advantageous rotary damper 1 is provided. In order to allow
compensation of the temperature-induced volume expansion of the MR-fluid
(MRF) and the adjacent components, it is useful to provide an adequate

equalizing volume.

In a specific case ca. 50ml MRF per single actuator or rotary damper is
required and thus ca. 150ml for the entire system. The prestressing member is

preferably a nitrogen volume that is in particular prestressed at ca. 75bar.

In this example a coil wire having an effective cross-section of 0.315mm? was
used. The number of turns of 400 showed a cable fill factor of ca. 65% with 16

ohm resistance. A larger wire diameter allows to obtain a still higher coil speed.
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Preferably the axial clearance of the partition walls or swiveling vane is set. For
faultless function of the actuator it is advantageous to center and adjust the
axial position of the swiveling vane 5 relative to the housing. To this end e.g.
threaded adjusting collars may be used which are brought to a central position

by means of a dial gauge.

In a specific case MRF was filled up to a filled volume of (just less than) 75 ml
MRF. For filling the MRF may be filled through the equalizing volume. By way
of reciprocal movement of the swiveling vane the MRF can be distributed within
the chambers 61, 62 (pressure space) and any air pockets can be conveyed
upwardly. Thereafter the system may be prestressed with nitrogen (ca. 5 bar).
Thereafter the deaeration screws 65 on the outside of the housing 12 may be
opened to let the trapped air escape. Finally the nitrogen chamber 32 was

prestressed to 30 bar for initial tests in the test rig.

For the purpose of optimizing the actuator may be taken to a negative pressure

environment to better evacuate any air pockets.

High pressures are obtained without any mechanical sealing. The rotary

damper 1 is inexpensive in manufacture, sturdy and durable.

In this specific example the braking momentum at the test rig was >210Nm.
The unit is smaller in structure, weighs less, and is more cost-effective thanin

the prior art.

Switching times of <30ms are possible and have been proven (full load step

change).

The braking momentum is variable as desired. No mechanically moving parts
are required. Controliing simply occurs by way of varying the electric current or

the magnetic field.

A considerable advantage ensues from the absence of mechanical seals. Thus

a very low base momentum of beneath 0.5Nm is achieved. This is achieved by
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controlling not only the braking momentum but simultaneously also the sealing
effect of the seals. On the whole there is a very low power consumption of just

a few watts in the example.

The rotary damper 1 may be employed in a variety of technical devices.
Application is e.g. also feasible in vehicles and in particular motor vehicles e.g.
in steer-by-wire systems or brake, accelerator, or clutch pedals. A suitable
rotary damper 1 may be installed in these systems. Dimensioning can be

matched to the desired forces and moments to be applied.
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List of reference numerals:
1 rotary damper

2  displacing device

3  damper shaft

3a hollow shaft

3b junction shaft

4 partition unit, partition wall
5 partition unit, partition wall
8 MRF

7  control device

8  magnetic field source

9  electric coll

10 magnetic field

11 connection (with 12)

12 housing of 2

122 outwardly housing part

13 connection (with 3)

14 insulator

15 hydraulic line

16 power connection

17  damping duct

19 axisof 3,9

20 ringin 12

22 first end portion

23 center region

24 second end portion

25 gap, axial gap

26 gap, radial gap

27 gap, radial gap

28 sealat3

29 equalizing volume

30 compensating device

30a

31 wvalve unit

hollow cylinder

39

31a
32
33
34
35
36
37
39
40
41
42
43
44
45
46
47
48
52
53
54
55
60
61
62
63
63a
64
65
66
67
68
69
70
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valve head

air chamber

seal

dividing piston

cap

duct

energy storage device
permanent magnet
sensor device
distance

seal of 23
intermediate space
bearing

load sensor

arm

spring, torsion bar
sensor line

valve unit

direction of movement
pressure accumuiator
direction of arrow
damper volume
chamber

chamber

connection duct
second connection duct
mechanical stopper
deaeration screw
nitrogen valve

insert member
sensor

sensor

non-reund coupling contour
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71

72

100
101
300
301
302
305
309

cover
duct

apparatus

door

exercising apparatus
operating member
contro! device

seat

lever
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CLAIMS:

1. Rotary damper comprising a housing, a damper shaft rotatably accommodated
thereat, a displacing device in the housing, and at least one magnetic field
source, the displacing device comprising a damper volume with
magnetorheological fluid as a working fluid by means of which it can operate to
influence the damping of the rotary motion of the damper shaft relative to the
housing, the displacing device comprising at least two partition units which
subdivide the damper volume into at least two variable chambers wherein at
least one of the partition units comprises a partition wall connected with the
housing,
and wherein at least one of the partition units comprises a partition wall
connected with the damper shaft,
wherein a gap section is cohfigured in the radial direction between the partition
unit connected with the housing and the damper shaft,
and wherein a gap section is configured in the radial direction between the
partition unit connected with the damper shaft and the housing,
and wherein at least one gap section is configured in the axial direction between
the partition unit connected with the damper shaft and the housing,
and wherein the magnetic field source comprises at least one controllable
electric coil for influencing the strength of the magnetic field and thus the
strength of damping, and wherein at least a substantial part of the magnetic field
of the magnetic field source passes through at least two of the indicated gap
sections, simultaneously influencing at least the two gap sections in
dependence on the strength of the magnetic field, and wherein at least one of
the gap sections is configured as a damping gap and at least one of the gap
sections is configured as a sealing gap and wherein at least one damping gap

shows a larger gap height than does a sealing gap.

2.  The rotary damper according to claim 1, wherein the magnetic field source

comprises at least one electric coil.
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3. The rotary damper according to claim 1 or 2, wherein both of the axial ends of
the partition wall connected with the damper shaft are each configured with an
axial gap section between the housing and the partition wall and wherein a
substantial part of the magnetic field of the magnetic field source passes
through both axial gap sections between the housing and the partition wall and

provides for sealing the axial gap sections.

4. The rotary damper according to any one of claims 1 to 3, wherein at least two

electric coils are provided.

5.  The rotary damper according to any one of claims 1 to 4, wherein the magnetic
field extends transverse to at least one of the gap sections.

6. The rotary damper according to any one of claims 1 to 5, wherein at least one
radial gap section is configured as a damping duct and is disposed radially
between the patrtition unit and the housing and/or wherein at least one axial gap
section is configured as a damping duct and is disposed axially between the

partition unit and the housing.

7. The rotary damper according to claim 6, wherein at least a substantial part of
the magnetic field of the magnetic field source passes through the damping
duct.

8. The rotary damper according to any one of claims 1 to 7, wherein at least one
gap section is sealed by means of a mechanical sealant.

9. The rotary damper according to any one of claims 1 to 8, wherein the housing
comprises a first and a second end part and in-between, a center part, wherein
at least one of the two end parts accommodates an electric coil, wherein the
axis of the coil is oriented substantially in parallel to the damper shaft.
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10.

1.

12.

13.

14.

15.

16.

17.

The rotary damper according to any one of claims 1 to 9, wherein the housing
consists at least substantially of a magnetically conductive material showing

relative permeability of above 100.

The rotary damper according to any one of claims 1 to 10, wherein a ring is

disposed axially adjacent to the electric coil in the housing.

The rotary damper according to claim 11, wherein the ring consists at least

substantially of a material showing relative permeability of less than 10.

The rotary damper according to claim 11, wherein the ring is disposed axially

between the electric coil and the damper volume.

The rotary damper according to claim 13, wherein in a radially outwardly region
the ring shows a thinner wall thickness than it does in a radially farther inwardly
region and/or wherein the ring substantially consists of a material showing a

relative permeability of above 50.

The rotary damper according to any one of claims 1 to 14, wherein the
magnetorheological fluid is conveyed by way of relative pivoting motion of the
damper shaft and of the housing through at least one gap section from one

chamber into the other chamber.

The rotary damper according to any one of claims 1 to 15, wherein two or more
partition units are configured disposed on the damper shaft distributed over the
circumference and wherein two or more partition units are configured disposed

on the housing distributed over the circumference.

The rotary damper according to claim 16, wherein opposite chambers are

connected through at least one connection duct.
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18.

19.

20.

21.

22.

23.

24.

25.

The rotary damper according to any one of claims 1 to 17, wherein an
equalizing device with an equalizing volume is provided.

The rotary damper according to claim 18, wherein the equalizing volume is
connected with the two chambers through a valve unit wherein the valve unit is
configured to establish a connection between the equalizing volume and a low
pressure chamber and to block a connection between the equalizing volume

and the high pressure chamber.

The rotary damper according to claim 19, wherein the valve unit comprises a

double-acting valve.

The rotary damper according to any one of claims 1 to 20, wherein the

equalizing device is accommodated in the interior of the damper shaft.

The rotary damper according to any one of claims 1 to 21, wherein the damping
circuit of the magnetorheological fluid is disposed completely inside the housing.

The rotary damper according to any one of claims 1 to 22, characterized by a
temperature sensor for capturing the temperature of the magnetorheological
fluid and/or by an angle sensor for capturing a measure for an angular position -
of the damper shaft and/or by a load sensor for capturing a characteristic value

of a rotational force on the damper shaft.

The rotary damper according to any one of claims 1 to 23, wherein at least one
sensor device is provided comprising at least one position- and/or distance
sensor for capturing the position and/or distance from surrounding objects,
wherein the control device is configured and set up to control the rotary damper

in dependence on the sensor data from the sensor device.

Apparatus or machine, comprising at least one rotary damper according to any

one of claims 1 to 24.
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26. The apparatus according to claim 25, comprising a control device and a plurality

of interconnected rotary dampers.

27. Rotary damper comprising a housing, at least one magnetic field source and a
damper volume provided with magnetorheological fluid which is subdivided into
at least two chambers by at least one partition unit connected with a damper
shaft, wherein gap sections are formed between the partition unit and the
housing,
wherein at least one magnetic field source with at least one controllable electric
coil is comprised,
and wherein the housing, the magnetic field source and the partition unit are
configured and set up for a magnetic field of the magnetic field source to flow
through the significant gap sections between the partition unit and the housing
and to set and adjust the strength of damping in dependence on the strength of
the magpnetic field, and wherein the housing comprises a first and a second end
part and in-between, a center part, wherein at least one of the two end parts
accommodates an electric coil, wherein the axis of the coil is oriented

substantially in parallel to the damper shaft.

28. The rotary damper according to claim 27, wherein at least one partition unit is
provided that is connected with the housing wherein a gap section is configured
between the partition unit and the shaft through which the magnetic field of the
magnetic field source can flow.

29. The rotary damper according to claim 27 or 28, wherein the partition unit
connected with the shaft is configured as a swiveling vane.

30. The rotary damper according to claim 29, wherein a radial damping gap and two
axial sealing gaps are configured between the swiveling vane and the housing.

45

CA 3051649 2020-03-30



85471421

31. Method for damping movements by means of a rotary damper wherein the
rotary damper comprises at least one magnetic field source and a damper
volume provided with magnetorheological fluid and subdivided into at least two
chambers by at least one partition unit connected with a damper shaft, wherein
gap sections are configured between the partition unit and the housing, wherein
a controllable electric coil of a magnetic field source controls the strength of the
magnetic field and thus the strength of damping, and wherein the magnetic field
of the magnetic field source flows through the significant gap sections between
the partition unit and the housing to simultaneously influence the strength of
damping in the gap sections in dependence on the strength of the magnetic
field, and wherein the housing comprises a first and a second end part and in-
between, a center part, wherein at least one of the two end parts
accommodates an electric coil, wherein the axis of the coil is oriented

substantially in parallel to the damper shaft.
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