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he invention relates to a flywheel device for position stabilization of a spacecraft, comprising a carrier (1), a rotor (2), a magnetic

drive (4) for the rotatingly driving the rotor (2) relative to the carrier (1), and a roller bearing (3) arranged between the rotor (2) and
the carrier (1). A magnetic force can be generated between the rotor (2) and the carrier (1) by means of the magnetic drive (4) In
order to pre-stress the rolling bearing (3). The outer diameter (A) of the rotor (2) can have, for example, only a maximum of 2.5

times of the rolling bearing diameter (W)
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(57) Abstract: The mvention relates to a tlywheel device for position stabilization of a spacecratt, comprising a carrier (1), a rotor
(2), a magnetic drive (4) for the rotatingly driving the rotor (2) relative to the carrier (1), and a roller bearing (3) arranged between
the rotor (2) and the carrier (1). A magnetic force can be generated between the rotor (2) and the carrier (1) by means of the magnetic
drive (4) in order to pre-stress the rolling bearing (3). The outer diameter (A) of the rotor (2) can have, for example, only a maximum
of 2.5 times of the rolling bearing diameter (W).

(57) Zusammenfassung: Eine Drallradvorrichtung zur Lagestabilisierung emes Raumftlugkorpers weist e1- nen Trager (1), emen
Rotor (2), einen Magnetantrieb (4) zum drehenden Antreiben des Rotors (2) relativ zu dem Trager (1) und ein zwischen dem Rotor
(2) und dem Trager (1) angeordnetes Walzlager (3) auf. Durch den Magnetantrieb (4) ist eine magnetische Kraft zwischen dem
Rotor (2) und dem Trager (1) erzeugbar, um das Walzlager (3) vorzuspannen. Der Aullendurchmesser (A) des Rotors (2) kann zum
Beispiel nur maximal das 2,5-fache des Walzlagerdurchmessers (W) betragen.
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Flywheel Device for position stabilization of a spacecraft

FIELD OF THE INVENTION
The invention concerns a flywheel device for position stabilization of a spacecraft, in

particular for position control of satellites.

BACKGROUND OF THE INVENTION

Such flywheel devices or balance wheels are known. Rotation of the flywheel is started by a
drive such that by the gyroscopic effect the stabilizing effect can be achieved. In order to
achieve an effect gyroscopic effect it is appropriate to position a part of the mass of the
flywheel that is as large as possible as much outwards as possible such that this mass can

rotate with a diameter as large as possible around the rotational axis of the flywheel.

From DE 39 21 765 A1 such a flywheel is known that - similarly to the wheel of a bicycle - has
a stator arrange at an inner position and an rotor arranged at an outside position, and a hub
that carries the rotor rotatably on the stator by means of spokes. The hub is rotatably
supported on the stator by two roller bearings.

Such flywheels that are also called reaction wheels have proven their worth for position
control of satellites over decades. The support of the rotor is here typically carried out by

means of at least two roller bearings that are formed as a fixed bearing and a loose bearing.

SUMMARY OF THE INVENTION
The present invention is concerned with the problem how to provide a flywheel device that

has a simpler design than the known flywheel devices and that has reduced manufacturing

cosls.

A flywheel device for position stabilization of a spacecraft comprises a carrier, a rotor, a
magnetic drive for rotatingly driving the rotor relative to the carrier, and a roller bearing

arranged between the rotor and the carrier. Here, a magnetic force can be generated between
the rotor and the carrier by means of the magnetic drive in order to pre-stress the roller

bearing. The outer diameter of the rotor is at maximum 2.5-times the roller bearing diameter.

Accordingly, the rotor is driven rotatingly on the carrier by means of the magnetic drive, due
to which the desired gyroscopic stabilization effect is achieved. The rotor is supported

1
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rotatably relative to the carrier by means of the roller bearing. However, if only one roller

bearing is provided in this manner no statically determined support can be achieved.

The static determination is achieved in that the magnetic drive causes a magnetic force
between the rotor and the carrier. This magnetic force is in particular an attractive force that

attracts the rotor to the carrier. In this manner the roller bearing is pre-stressed.

Supporting the rotor on the carrier corresponds therefore in a certain manner to a
combination of a mechanical bearing (roller bearing) with a magnetic bearing that is formed

by the magnetic drive.

This design allows to form the roller bearing to be much larger than known from the prior art.
While in the prior art the outer diameter of the rotor can be for example more than 5-times or
even more than 10-times the roller bearing diameter, in the flywheel device described herein

the outer diameter of the rotor and the roller bearing diameter approximate each other.

Here, the roller bearing diameter is the diameter of the circle along which the centers of mass
of the rolling bodies move during rotation of the rotor. If the rolling bodies are for example
balls, the roller bearing diameter wiil correspond to the diameter of the circle along which the

centers of the balls move. For other rolling bodies according relations apply.

Depending on the specific embodiment the rotor may be formed such that the outer diameter
of the rotor can be chosen from the group of at maximum 2-times the roller bearing diameter,
at maximum 1.5-times the roller bearing diameter, at maximum 1.3-times the roller bearing
diameter, at maximum 1.2-times the roller bearing diameter. Depending on the embodiment,
the outer diameter may therefore be at maximum 2-times, or at maximum 1.5-times, or at
maximum 1.3-times, or at maximum 1.2-times, or at maximum 1-times the roller bearing

diameter.

The smaller the ratio between the outer diameter of the rotor and the roller bearing diameter

is, the more the roller bearing is arranged outwards in comparison to the rotor. As will be
detailed below in this manner it may be possible to form the rotor even by the outermost bearing ring
of the roller bearing. Then, the ratio between outer diameter of the rotor and the roller bearing

diameter is small, for example only about 1.17 or less than 1.2.
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The ratio may even be smaller and be e.g. less than 1.0, e.g. 0.9. Then, the outer diameter of
the rotor is the same or smaller than the roller bearing diameter such that the roller bearing is
arranged in comparison to the rotor rather outside. The drive may then e.g. be arranged

within the inner ring of the roller bearing.

The magnetic drive may comprise a magnetic ring that is arranged at the rotor and comprises
several magnetic poles, as well as magnetic circuit closing means arranged at the carrier
opposite to the magnetic ring, and magnetic coils arranged at the carrier between the
magnetic ring and the magnetic circuit closing means. The magnetic drive may thus be
formed in a known manner and may cause the rotor to rotate relative to the carrier in the

manner of a circularly arranged linear motor.

The magnetic force acting between the rotor and the carrier may in particular be generated
between the magnetic ring and the magnetic circuit closing means during an operation of the
flywheel device. The necessary magnetic force is herein predetermined by the design of the
roller bearing, in particular by the chosen or necessary pre-stressing of the bearing and has
to be taken into account for the design of the magnetic drive. For an appropriate design and
appliance of current to the magnetic drive, the desired pre-stressing of the bearing can be
achieved and maintained. Additionally, the magnetically generated pre-stress may also be

strengthened by an additional holding magnet as will be explained below.

As already indicated above it is possible to support the rotor by means of only one roller
bearing on the carrier. In difference from the prior art, a second roller bearing is therefore not

necessary for achieving a statically determined support.

Possibly, the precisely one roller bearing may also be realized by two rolling body circies (for
example ball rings) that are arranged closely next to each other and act as a single bearing.
This allows achieving an enhanced load bearing capacity of the roller bearing. Such roller
bearings with two rolling body circles are available at well-known roller bearing manufacturers

and are therefore known. They have a higher load rating, but are considered to be only a
single roller bearing.

The roller bearing may be formed such as to carry radial forces and axial forces. Carrying

axial forces is in particular appropriate for the reason that the magnetic drive on its side

generates an axial force as pre-stress force for the roller bearing. This axial force has to be



10

15

20

25

30

35

CA 028945%0 2018~02-02

carried by the roller bearing - together with-further forces as for example the gravitational
force of the rotor.

Hence, an appropriate choice for the roller bearing may for example be an axial bearing, a

spindle ball bearing or the like.

The axial forces have to be carried by the roller bearing only in one direction, if it is ensured
that the pre-stress force generated by the magnetic drive is always sufficient to pre-stress the

roller bearing. This guarantees that the roller bearing falls apart.

The rolling bodies of the roller bearing, such as for example balls, may be guided in a cage
which can then at the same time also be used for re-greasing the bearing. Re-greasing may
also be realized by a specific greasing system in which at least a part of the components are

arranged on the rotating rotor or also in the open inner space surrounded by the rotor,

The roller bearing may also comprise a lower bearing ring that is arranged at the carrier and
an upper bearing ring that is arranged at the rotor. The terms "lower bearing ring" and "upper
bearing ring" are chosen here in an arbitrary manner in order to be able to distinguish the two
bearing rings with regard to their assignment. Just the same, it would for example be possible
to speak of a "first bearing ring" and a "second bearing ring". With regard to an orientation in

space the expressions "lower" and "upper” have no meaning.

The upper bearing ring that is arranged at the rotor may according to one embodiment be the
outer bearing ring, while the lower bearing ring forms then the inner bearing ring. Just the

same, in a variant a reversed arrangement may be present in which the upper bearing ring

corresponds to the inner bearing ring and the lower bearing ring to the outer bearing ring.

In particular the lower bearing ring that is arranged at the carrier may in a variant consist of a
ceramic material in order to save weight, which might be of considerable importance

regarding the planned use of the flywheel device.

The upper bearing ring may be formed integrally at the rotor. In particular, the upper bearing ring
and the rotor may form only a single part such that the upper bearing ring is an integral part of the rotor.
The upper bearing ring serves then also itself as flywheel mass or is directly integrated in a flywheel ring

(the rotor). The bearing ring serves then as carner for the magnetic poles.
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The upper bearing ring is pressed by the magnetic motor forces into or against the lower bearing ring.
The bearing can be rotated freely and is driven by the integrated motor. The magnetic drive replaces

therefore a second roller bearing and simplifies in this manner the design which also reduces the costs.

By using only a single roller bearing also less operating noise is generated. Due to the compact design
of the flywheel device the operating noise is also not enhanced by further resonances of the housing
which is typically the case for flywheels according to the prior art. A complex pre-stressing of the roller
bearing can therefore be omitted, as the pre-stressing of the bearing is adjustable via the magnetic

drive. This simplifies also the assembly.

According to an embodiment the rotor may be provided with an additional mass. The rotor constitutes in
this case one of the bearing rings of the roller bearing and carries - as detailed above - the magnetic ring
belonging to the magnetic drive. The additional mass may be fixed to the rotor as separate additional

element.
In particular, the additional mass may be formed as an additional mass ring arranged on the rotor.

Increasing the mass of the rotor allows generating stronger gyroscopic forces which allows an increased
position stabilization of the spacecraft. This is in particular then appropriate, if the spacecraft is a larger

satellite that has larger mass and hence larger inertia.

Providing the additional mass allows for example a modular design of the flywheel device. If an
operation of the flywheel device for smaller, less heavy satellites is planned, possibly the rotor alone is
sufficient to generate sufficiently strong stabilization forces. If an operation in a larger, heavier

spacecraft is planned, the additional mass may be provided additionally.

The additional mass may due to its gravitational force for respective gravitational environments generate
a force that acts oppositely to the magnetic force generated by the magnetic drive, and which causes
therefore that the roller bearing is pulled apart or is separated. In this case it might be appropriate that at

the rotor or on the carrier a holding magnet is arranged that acts between the rotor and the carrier and

causes a magnetic holding force between the rotor and the carrier.

The holding magnet may for example be a holding magnet ring that is fixed at the rotor. The holding

magnet ring may for example also be arranged inside of the rotor.
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The holding force generated by the holding magnetic is an attractive force for holding together rotor and
carrier, if the magnetic force of the magnetic drive is not sufficient to hold the heavy rotor that is possibly

even additionally charged by the additional mass reliably on the carrier.

A greasing device for greasing the roller bearing may be provided. This may e.g. be a cage as already
indicated above that simultaneously holds also the rolling bodies in their respective position. Just the
same, it Is possible that the greasing device is arranged on the rotating rotor or in the open inner space
surrounded by the rotor, and that it serves as re-greasing system. In particular, the greasing device may

be designed to act actively or passively.

For example it is possible for a passive greasing device that a lubricant such as oil or bearing grease, is
provided due to the centrifugal forces during rotation of the rotor such as to grease the roller bearing.

Just the same, capillary greasing is possible due to appropriate capillary means.

In an active greasing device a providing unit for the lubricant may be present. This may e.g. be a

lubricant pump that uses e.g. also a piezo element that provides the lubricant like in an injection system.

BRIEF DESCRIPTION OF THE DRAWINGS
These and further advantages and features will be explained in what follows with regard to an example

by reference to the accompanying figure. It shows
Figure 1 a section through a flywheel device.

DETAILED DESCRIPTION

Figure 1 shows a sectional view of a flywheel device for position stabilization of a spacecraft

as for example a satellite.

The flywheel device comprises a carrier 1 that carries a rotor 2 rotatably.

The carrier 1 should have sufficient stability and in particular torsional stiffness in order to be

able to carry the rotor 2 reliably also for the forces acting during operation.

The rotor 2 is supported via a roller bearing 3 on the carrier 1. The rotor 2 constitutes the
actual flywheel or balance wheel that rotates during operation with a high rotational frequency

and generates due to this the desired gyroscopic forces for stabilization of the spacecraft.
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The rotor 2 has an appropriate diameter, for example of up to 200 mm or even more. Due to
the fact that the entire mass of the rotor 2 is arranged outwards, i.e. far from the middie axis

X, the desired gyroscopic forces can be generated with high effectivity.

For a rotational drive of the rotor 2 relative to the carrier 1 a magnetic drive 4 is provided. The

magnetic drive 4 comprises a magnetic ring 5 that is carried by the rotor 2 and that comprises
an appropriate number of magnetic poles.

Further, the magnetic drive 4 comprises several magnetic coils 6 that are arranged in
appropriate manner in or at the carrier 1 and that can be controlled by a control that is not

illustrated.

Further, at the back of the carrier 1 magnetic circuit closing means 7 are provided also as

part of the magnetic drive 4.

The magnetic drive 4 is in principle a magnetic linear motor that is arranged circularly. The
control controls the magnetic coils 6 in appropriate manner such that they act together with
the magnetic poles in the magnetic ring 5 and that they cause rotation of the rotor 2. The

design of such a magnetic drive 4 is known so that a detailed description will be omitted here.

The control electronics and in particular further components (power electronics or the like)
may for example be arranged on the carrier 1 in the space that is enclosed by the rotor 2 and
- as can be seen in Figure 1 - gpen. This allows a very compact design of the flywheel device.
In the space also components of a re-greasing system serving as a greasing device may be

arranged, which comprises e.g. a piezo element for providing lubricant or the roller bearing 3.

The roller bearing 3 may for example be a grooved ball bearing as illustrated in Figure 1.
However, also other bearing types such as for example cylinder roller bearings, barrel type
bearings or the like may be used. The roller bearing 3 comprises an outer bearing ring 8 (also
called upper bearing ring) as well as an inner bearing ring 9 (also called lower bearing ring).
Between the two bearing rings 8, 9 the rolling bodies are arranged, which are in the example
illustrated in Figure 1 balls 10.

The outer bearing ring 8 is an integral part of the rotor 2. Speaking differently, one could say

that the rotor 2 of the example illustrated in Fig. 1 is formed by the bearing ring 8. For other
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examples not illustrated in Fig. 1 the outer bearing ring 8 may also be formed as a separate

element that is fixed at the rotor 2.

For a proper operation of the roller bearing 3 an according and sufficient number of balls 10
has to be arranged equally distributed between the bearing rings 8, 9. In order to ensure an
equal distance between the balls 10 around the circumference of the roller bearing, the balls
10 are held in known manner by a bearing cage that is not shown in Figure 1. The bearing
cage may not only be used for holding the balls in their respective positions, but may also be
used to provide a lubricant in order to guarantee a long time greasing of the roller bearing 3.

In particular for use of the flywheel device in a satellite typically lifetime lubrication is desired.

Greasing may also be realized e.g. due to centrifugal forces and e.g. by a not illustrated
greasing device that is arranged on the rotating parts. Also, a greasing device may be
provided in the open space in the inner part of the roller bearing 3, which uses e.g. capillary
greasing or an active greasing system having lubricant providing means. The lubricant

providing means may e.g. be a piezo injection element.

- The rotor 2 and the roller bearing 3 are arranged rotationally symmetric around the middle

axis X. The outer diameter A of the rotor 2 may here only be slightly larger than the rolier
bearing diameter W of the roller bearing 3.

The roller bearing diameter W is defined such that it corresponds to the diameter of the circle

around which the centers of gravity of the rolling bodies (here: the balls 10) move.

The smaller the ratio between the outer diameter A of the rotor 2 and the roller bearing
diameter W, the more efficient and compact the rotor 2 can be designed. For example, a ratio of

maximally 1.5 has turned out in particular appropriate. In the exemplary flywheel device

illustrated in Figure 1 the ratio between the outer diameter A and their roller bearing diameter W is
approximately 1.2.

As already explained the mechanical support of the rotor 2 on the carrier 1 is provided only by
a single roller bearing 3. To prevent that the roller bearing 3 falis apart and to allow a
statically determined support, a magnetic force between the rotor 2 and the carrier 1
(attractive force) is generated in addition by the magnetic drive 4. This magnetic force has to

be dimensioned sufficiently large in order to prevent falling apart of the roller bearing 3.
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In this manner the flywheel device can be operated reliable and stable.

In the example illustrated in Figure 1 an additional mass having the form of an additional
mass ring 11 is provided on the rotor 2. The additional mass ring 11 is arranged on the upper

side of the rotor 2 and enhances the overall flywheel mass of the rotor 2.

Since the additional mass ring 11 constitutes a separate part with respect to the rotor 2 or the
outer bearing ring 8, during manufacturing of the flywheel device it is possible in a simple
manner to provide different additional masses by selecting different additional mass rings 11,
in order to achieve different flywheel effects.

If, in particular in the case of a heavy additional mass provided by the additional mass ring
11, the mass of the entire rotor 2 is large, there will be the possibility that the magnetic
holding force of the magnetic drive 4 is not sufficient to prevent a separation of the roller
bearing 3. In this case it may be advantageous, if additionally a holding magnet, which is not
illustrated in Fig. 1, is provided at the rotor 2 or at the carrier 1 in order to generate an
additional magnetic holding force between the rotor 2 and the carrier 1. As the holding
magnet ring does not comprise additional mechanically movable parts, it does not suffer from
wearing. Moreover, it does not generate additional vibrations that could impair operation of
the flywheel device.
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Claims

1. A flywheel device for position stabilization of a spacecraft, comprising

a carrier (1);

a rotor (2);

a magnetic drive (4) for driving the rotor (2) rotatingly relative to the carrier (1); and

a roller bearing (3) arranged between the rotor (2) and the carrier (1); wherein

a magnetic force for pre-stressing the roller bearing (3) can be generated between the
rotor (2) and the carrier (1) by means of the magnetic drive (4); and wherein

the outer diameter (A) of the rotor is at maximum 2.5-times the roller bearing diameter
(W).

2. The flywheel device according to claim 1, wherein the rotor (2) is formed such that the
outer diameter (A) of the rotor (2) is selected from the group:

at maximum 2-times the roller bearing diameter (W),

at maximum 1.5-times the roller bearing diameter (W),

at maximum 1.3-times the roller bearing diameter (W),

at maximum 1.2-times the roller bearing diameter (W),

at maximum 1.0-times the roller bearing diameter (W).

3. The flywheel device according to claim 1 or 2, wherein the magnetic drive (4)
comprises:.

a magnetic ring (5) that is arranged at the rotor (2) and that comprises magnetic poles;

magnetic circuit closing means (7) that are arranged at the carrier (1) opposite to the
magnetic ring (5); and

magnetic coils (6) arranged at the carrier (1) between the magnetic ring (5) and the

magnetic circuit closing means (7).

4. The flywheel device according to any one of claims 1 to 3, wherein the magnetic force

can be generated during operation of the flywheel device between the magnetic ring (5) and

the magnetic circuit closing means (7).

5. The flywheel device according to any one of claims 1 to 4, wherein precisely one rolier
bearing (3) is arranged between the rotor (2) and the carrier (1).

10
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6. The flywheel device according to any one of claims 1 to 5, wherein the roller bearing

(3) is formed in order to carry radial forces and axial forces.

7. The flywheel device according to any one of claims 1 to 6, wherein the roller bearing
(3) comprises:

a lower bearing ring (9) that is arranged at the carrier (1); and

an upper bearing ring (8) that is arranged at the rotor (2).

8. The flywheel device according to any one of claims 1 to 7, wherein the upper bearing
ring (8) is formed integrally at the rotor (2).

9. The flywheel device according to any one of claims 1 to 8, wherein at the rotor (2) an
additional mass (11) i1s provided.

10. The flywheel device according to any one of claims 1 to 9, wherein the additional mass

is formed as an additional mass ring (11) that is arranged on the rotor (2).
11. The flywheel device according to any one of claims 1 to 10, wherein at the rotor (2) or
on the carrier (1} a holding magnet is arranged that acts between the rotor (2) and the carrier

(1), in order to generate a magnetic holding force between the rotor (2) and the carrier (1).

12. The flywheel device according to any one of claims 1 to 11, wherein a greasing device

for greasing the roller bearing is provided.

11
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