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DESCRIPTION

[0001] The present invention relates to a trunnion bearing assembly for the safety bearing of
a high-speed electric machine, which high-speed electric machine comprises a rotor arranged
to be rotatable, a stator, and at least one contactless bearing for the bearing during the
operation of the high-speed electric machine, which trunnion bearing assembly comprises at
least three rotationally symmetrical bearing means which are mounted on bearings in relation
to their centre of rotation, and that said at least three rotationally symmetrical bearing means
are placed around a shaft substantially symmetrically so that the centre of rotation of the
bearing means is placed on the circumference of substantially the same circle in such a way
that the diameter of the largest imaginary circle inside the bearing means is greater than the
diameter of the shaft at the bearing means. The invention also relates to a high-speed electric
machine which comprises a trunnion bearing assembly for the safety bearing of the electric
machine, a rotor arranged to be rotatable, a stator, and at least one contactless bearing for the
bearing during the operation of the high-speed electric machine, which trunnion bearing
assembly comprises at least three rotationally symmetrical bearing means which are mounted
on bearings in relation to their centre of rotation, and that said at least three rotationally
symmetrical bearing means are placed around a shaft substantially symmetrically so that the
centre of rotation of the bearing means is placed on the circumference of substantially the
same circle in such a way that the diameter of the largest imaginary circle inside the bearing
means is greater than the diameter of the shaft at the bearing means. Further, the invention
relates to a method for the safety bearing of a high-speed electric machine by means of a
trunnion bearing assembly, which high-speed electric machine comprises a rotor arranged to
be rotatable, a stator, and at least one contactless bearing for the bearing during the operation
of the high-speed electric machine, in which method the trunnion bearing is arranged with at
least three rotationally symmetrical bearing means which are mounted on bearings in relation
to their centre of rotation, and that said at least three rotationally symmetrical bearing means
are placed around a shaft substantially symmetrically so that the centre of rotation of the
bearing means is placed on the circumference of substantially the same circle in such a way
that the diameter of the largest imaginary circle inside the bearing means is greater than the
diameter of the shaft at the bearing means.

[0002] In particular, high-speed electric machines are known, which apply magnetic bearings
to keep the rotating rotor of the electrical machine in a desired position during the rotation of
the rotor. The operation of the magnetic bearing is based on force effects on the rotor, to be
produced by magnetic fields. Passive bearing implemented by permanent magnets is normally
used in the construction of instruments only. In industrial applications, an electrically controlled
active magnetic bearing is used, in which a control device controls the current to be supplied to
the electrical magnets in such a way that the force effective on the ferromagnetic piece keeps it
floating in a contactless manner. It is thus a so-called contactless bearing to minimize the
friction and wearing between the rotor shaft and the bearing.

[0003] However, during its rotation, the rotor may be subjected to sudden force effects which
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are difficult to compensate for by magnetic bearings only. This involves the risk that the rotor
may touch the stator, the magnetic bearing or another part of the electric machine. Particularly
in high-speed motors, this impact may cause breaking of the electric machine. To prevent such
damage, electric machines with magnetic bearings are normally provided with a trunnion
bearing assembly to prevent the cause of damage or at least to significantly reduce the risk of
causing damage. Furthermore, the trunnion bearing assembly prevents the impact between
the stator and the rotor when the magnetic bearings are turned off, e.g. when the electric
machine is stopped. Also, the trunnion bearing assembly is responsible for the bearing of the
rotor during the stopping of the rotating motion of the rotor in failure situations, such as power
failures or damage to the magnetic bearing assembly. The trunnion bearing is typically a
bearing based on contact, such as a slide bearing or a ball bearing.

[0004] The trunnion bearing assembly should be provided with a suitable clearance to the
rotor during the normal operation. Known trunnion bearing arrangements in association with
magnetic bearings include structures of the slide bearing type, either unlubricated or provided
with the supply of a lubricant. One example of such a bearing arrangement is disclosed in US
patent 5,355,040. It is also possible to use conventional roller bearings, or a combination of the
roller and slide bearings, as presented e.g. in US patent 5,272,403. From other fields of
technology, it is known to use a support-roll type bearing for the bearing of solids of revolution.
Examples of such devices to be mentioned include horizontal revolving furnaces, in which the
loading direction is almost constant and the rotational speeds are low.

[0005] The implementation of a well-functioning trunnion bearing assembly involves several
problems. Causes for the problems include e.g. the high rotational speeds which are
commonly used in machines with magnetic bearings, as well as the clearance which is required
between the trunnion bearing and the rotor for functional reasons and which is often distinctly
greater than the clearance that is normally used e.g. in slide bearing arrangements.
Furthermore, it is often preferable to provide the fast revolving rotor with a large diameter,
wherein also the peripheral speed of the bearing points becomes high (>100 m/s) and the
allowable rotational speeds of the roller bearings with suitable dimensions remain low. When
the dimensions of the roller bearings are increased, their structural clearances are also
increased. This will cause further problems in setting the clearance for the device. When the
dimensions of the roller bearings are increased, also their mass inertia and frictional couple is
increased, which are both disadvantageous for the acceleration and operation of the bearing.
Furthermore, when the machine with magnetic bearings is free from lubricants in other
respects, it is undesirable to use lubricants in the trunnion bearings.

[0006] In radial bearing arrangements of the slide type, the friction between the rotor and the
bearing will easily become high. The development of a high frictional force on the perimeter of
the rotor will involve the rotor in a rotary motion which is determined according to the trunnion
bearing. In this rotary motion, the centre of the rotor orbits a circular path which causes
centrifugal forces on the rotor. In view of the operation of the radial-type trunnion bearing
assembly, it is advantageous if the rotational speed of the rotor on the path limited by the
trunnion bearing remains as low as possible. If the rotational speed increases to a high level, it
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will often lead to radial forces which are so great that they are difficult to control.

[0007] US patent 5,752,774 discloses an arrangement to eliminate the radial clearance
between the rotor and the trunnion bearing, when the rotor shaft touches the trunnion bearing
assembly. The aim of that invention was to eliminate problems occurring in the application of
so-called conventional arrangements, such as impacts and the involvement of the rotor in such
a rotary motion which does not take place around the centre of the rotor. In said publication,
the aim is to reduce the effect of impacts by means of various attenuator arrangements. The
involvement in a rotary motion, in turn, is prevented by eliminating the clearance between the
bearing means and the rotor. The elimination of the clearance between the rotor and the
trunnion bearing, implemented according to the basic principle of the publication, requires the
use of bearing means fitted to be movable.

[0008] In high-speed motors, the high rotational speed of the rotor sets further special
requirements on the rotor construction and on the bearing assembly, of which the most
important ones will be discussed in the following. When the aim is to achieve as high a criticial
rotational speed of the first order as possible, the shaft must be made as short and with as
large a diameter as possible. Thus, the diameters become so large that when the roller
bearing is selected on these grounds, the allowable rotational speed of the trunnion bearing
remains low and it is thus not suitable for high-speed applications. Furthermore, if both ends of
the shaft are already in use, it is not advantageous to provide the ends of the rotor with an
axial bearing.

[0009] The geometry of the radial bearing must be designed so that it will resist the shifting of
the rotor to a moving state, in which it rotates both around its own central shaft and
simultaneously said central shaft orbits a circular path, causing high centrifugal forces.

[0010] It is an aim of the present invention to eliminate the above-mentioned drawbacks to a
great extent and to improve the state of art. The present invention is based on the idea that the
bearing means are rotationally symmetrical pieces mounted on bearings at their centres. To
put it more precisely, the bearing structure according to the invention is primarily characterized
in that at least some of the centres of rotation of the bearing means are arranged in
substantially constant locations in the trunnion bearing assembly, and at least some of the
bearing means are arranged to limit the movement of the shaft in the axial direction, and that
the bearing means limiting the movement in the axial direction comprise at least a first set of
bearing means in such a way that the centre of rotation of the first set of bearing means is
placed in substantially the same first plane. The high-speed electric machine according to the
invention is primarily characterized in that at least some of the centres of rotation of the
bearing means are arranged in substantially constant locations in the trunnion bearing
assembly, and that at least some of the bearing means are arranged to limit the movement of
the shaft in the axial direction, and that the bearing means limiting the movement in the axial
direction comprise at least a first set of bearing means in such a way that the centre of rotation
of the first set of bearing means is placed in substantially the same first plane. Furthermore,
the method according to the invention is primarily characterized in that in the method, at least
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some of the centres of rotation of the bearing means are arranged in substantially constant
locations in the trunnion bearing assembly, and at least some of the bearing means are used
to limit the movement of the shaft in the axial direction, and that of the bearing means limiting
the movement in the axial direction, at least a first set of bearing means is provided, whose
centre of rotation is located substantially in the same first plane.

[0011] The present invention shows remarkable advantages over solutions of prior art. By
means of the arrangement according to the invention, the axial bearing can be placed
relatively freely, which makes it possible, for example, to provide an advantageous location for
the centre of thermal movements. The invention also provides freedom in view of the
operational position of the electric machine. In addition, by the layout geometry of the bearings
according to the invention, it is possible to resist the shifting of the rotor to the moving state, in
which it rotates around its own central shaft and the central shaft simultaneously orbits a
circular path. Thus, centrifugal forces caused by the circular movement of the above-
mentioned type will not develop to such an extent as in arrangements of prior art. The contact
surfaces of the trunnion bearings are preferably made of a material of small friction, which will
reduce e.g. the heating and wearing of the bearings. In an arrangement according to an
advantageous embodiment of the invention, the contact surfaces are formed of rollers
mounted on bearings in relation to the centres of rotation, which can also be used to reduce
the friction. Furthermore, the arrangement according to the invention makes it possible that the
same bearing assembly may comprise both axial bearings and radial bearings. Thus, the
layout of the bearings becomes simpler, because no separate bearings will be needed for the
trunnion bearing assembly in the axial direction and in the radial direction.

[0012] In the following, the invention will be described in more detail with reference to the
appended drawings, in which

Fig. 1a
shows a trunnion bearing according to an advantageous embodiment of the invention,
seen from the end of the shaft and in a partly sectional view,
Fig. 1b
shows the trunnion bearing of Fig. 1 a in a partial cross-section, seen from the side,
Fig. 2a
shows a trunnion bearing according to a second advantageous embodiment of the
invention, seen from the end of the shaft and in a partly sectional view,
Fig. 2b
shows the trunnion bearing of Fig. 2a in a partial cross-section, seen from the side,
Fig. 3a
shows a trunnion bearing according to a third advantageous embodiment of the
invention, seen from the end of the shaft and in a partly sectional view,
Fig. 3b
shows the trunnion bearing of Fig. 3a in a partial cross-section, seen from the side,
Fig. 4
shows, in a reduced partial cross-sectional view, an electric machine applying the
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trunnion bearing assembly according to the invention,
Fig. 5
shows a principle view of a polygon limiting the path of movement of the centre of the
rotor in an electric machine according to an advantageous embodiment of the invention,
Fig. 6a
shows a trunnion bearing according to a fourth advantageous embodiment of the
invention, seen from the end of the shaft and in a partly sectional view, and
Fig. 6b
shows the trunnion bearing of Fig. 6a in a partial cross-section, seen from the side.

[0013] We shall next describe the structure of a trunnion bearing 1 according to an
advantageous embodiment of the invention, implemented in connection with a high-speed
electric machine, with reference to Figs. 1a and 1b. The rotor 3 of the electric machine 2
comprises a shaft 4. For operating situations, the rotor 3 is mounted on contactless bearings,
such as magnetic bearings 5. Thus, the magnetic bearings 5 are controlled during the
operation of the electric machine 2 in such a way that the shaft 4 is kept as stable as possible
so that the rotor does not touch the stator 6. However, the rotor 3 may be subjected to force
effects which cause the rotor 3 to be displaced from this centre. For this reason, the electric
machine is provided with one or more trunnion bearings 1. The trunnion bearing shown in Figs.
1a and 1b is intended to eliminate the effect of deviations in the radial direction preferably as
follows. The trunnion bearing 1 comprises bearing means 7, such as rollers, mounted on
bearings in relation to the centres of rotation which remain in substantially constant positions.
In the mounting of the bearing means 7, it is possible to use, for example, ball bearings or
other arrangements of the roller bearing type, wherein the outer race of the bearing is used as
the roller, and the bearing is arranged by means of balls 8 or the like, as is shown in the cross-
sectional view of Fig. 1b. The bearing means 7 are preferably placed in such a way that the
centres of rotation of the bearing means are placed on the circumference of substantially the
same circle. The diameter of this circle is selected so that the diameter of the largest imaginary
circle inside the bearing means system of the trunnion bearing 1 is greater than the diameter
D1 of the shaft at the trunnion bearing 1. The shaft 4 is thus in contact with a maximum of two
bearing means 7. The centre of rotation of the bearing means 7 will remain in a substantially
constant position, irrespective of whether the shaft 4 is in contact with said bearing means or
not. Furthermore, these bearing means 7 limit the movement of the rotational centre of the
shaft in such a way that the largest path of the rotational centre of the shaft is not a
geometrical circle but a polygon. When the rotational movement is smaller than the polygon
limited by the bearing means, the rotational movement can also be a circle, but the diameter of
this circle is so small that the centrifugal force caused by the rotary motion is not harmfully
great. In the trunnion bearing 1 of Fig. 1a, there are seven bearing means 7 placed at even
intervals, wherein the rotational centres of the bearing means 7 are located on the
circumference of the circle at intervals of about 51.4°. However, it will be obvious that the
invention is not limited solely to such trunnion bearings, but the number of bearing means 7
may vary in different applications.



DK/EP 1440499 T3

[0014] The high rotational speed of the rotor 3 sets certain special requirements on the
structure of the trunnion bearing 1. The mass inertia and the frictional couple of the bearing
means 7 should be reduced to a minimum. Thus, when the shaft 4 of the rotor 3 rotating at a
high speed touches a bearing means 7 of the trunnion bearing 1, this bearing means will start
to rotate. Thanks to the small mass inertia, the bearing means will relatively fast achieve a
rotational speed which corresponds to the rotational speed of the shaft, wherein the thermal
effect of the frictional force caused by the difference in speed between the shaft 4 and the
bearing means 7 is relatively short in time. Furthermore, the low frictional couple will also
reduce the heating of the shaft 4 and the bearing means 7, when the rotational speed of the
bearing means 7 is lower than the rotational speed of the shaft 4 touching the bearing means
7. Known bearing means 7 with very low friction include e.g. ball bearings, single-row angular
ball bearings, and radially loaded cylindrical roller bearings with holders. However, it will be
obvious that the present invention is not limited solely to apply the bearing means mentioned
herein.

[0015] A small clearance must be left between the rotor 3 and the trunnion bearing, wherein
the magnitude of this clearance will affect, for example, the number of bearing means 7 in the
trunnion bearing 1. The number of bearing means is preferably selected so that the rotor 3 and
its shaft 4 will not, in any situation during the operation of the high-speed machine, come to
touch anything but the bearing means 7 of the trunnion bearing.

[0016] The trunnion bearing 1 can be integrated in a single unit which comprises the
necessary bearing means and a supporting structure 9 to keep the bearing means in place.
This trunnion bearing 1 is coupled, for example, to the end part of the electric machine 2,
wherein the trunnion bearing forms a through hole for the shaft 4. The shaft 4 can thus be
coupled to a desired transmission mechanism (not shown) in a way known as such. The radial
trunnion bearing 1 according to the invention is preferably arranged at each end of the shaft.
However, it is obvious that the trunnion bearing according to the present invention can also be
placed at another point on the shaft 4, or the number of trunnion bearings can also be one or
greater than two.

[0017] Figures 2a and 2b show a trunnion bearing 1 according to a second advantageous
embodiment of the invention. This axial trunnion bearing 1 is, to a great extent, similar to the
radial trunnion bearing shown in Figs. 1 a and 1 b. Also this axial trunnion bearing 1 comprises
bearing means, such as bearing means 7. These bearing means are mounted on bearings at
their centre, which remains in a substantially constant location, for example by roller bearings.
In this embodiment, the bearing means 7 are placed on the circumference of a circle in such a
way that the centres of rotation are placed in the same plane which is substantially
perpendicular to the axial direction of the rotor 3. The shaft 4 is preferably provided with at
least one gradation, wherein the shaft comprises at least one planar surface A1 in addition to
the ends. The diameter of the imaginary circle used in the layout of the bearing means 7 is
thus smaller than the diameter D2 of the planar surface A1 formed in the shaft 4 of the rotor.
The trunnion bearing 1 is placed close to said planar surface A1. Thus, when the rotor moves
towards the trunnion bearing in the axial direction, the clearance between the bearing means
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of the trunnion bearing and said planar surface A1 is reduced, until the planar surface A1 of
the shaft touches the bearing means. As a result of this contact, the rotating movement of the
rotor causes that the bearing means start to rotate and prevent damage to the rotor. Also in
this embodiment, it is essential that the bearing means used are rollers, or the like, mounted
on bearings in relation to the centre of rotation and having a low mass inertia and frictional
couple. For the axial bearing, these bearing means are placed substantially in the same plane
which is substantially perpendicular to the longitudinal direction of the shaft. It is obvious that
the axial trunnion bearing 1 can, in some applications, also be placed at the end of the shaft,
wherein the end of the shaft is used as the planar surface A1.

[0018] Furthermore, Figs. 3a and 3b show the structure of a trunnion bearing 1 according to a
third advantageous embodiment of the invention. The trunnion bearing 1 is arranged to
provide bearing both in the radial and the axial directions in situations, in which the magnetic
bearings are not in operation or they cannot sufficiently prevent the movement of the shaft in
the the radial and/or axial direction. The trunnion bearing 1 comprises a first set 7a of bearing
means 7 as well as a second set 7b of bearing means 7. Also in this embodiment, these
bearing means 7 are mounted on bearings at their centre of rotation, as presented above in
this description. The first set 7a of bearing means is used for trunnion bearing in the radial
direction, wherein these bearing means are placed on the circumference of substantially the
same circle in such a way that the largest diameter of the imaginary circle within the bearing
means system is greater than the diameter D1 of the shaft 4 at said bearing point. Thus, not
more than two bearing means 7 of the first set 7a are simultaneously in contact with the shaft
4.

[0019] In a corresponding manner, the second set 7b of bearing means 7 is used for the
trunnion bearing in the axial direction. These bearing means are placed in such a way that the
centres of rotation of the bearing means are placed substantially in the same plane which is
substantially parallel to the longitudinal direction of the shaft 4. In the arrangement of Figs. 3a
and 3b, the shaft 4 is provided with a groove or the like, which comprises two substantially
planar surfaces A1, A2. The distance D3 between these planar surfaces is slightly greater than
the diameter D4 of the bearing means of the second set 7b. Thus, in the normal situation, a
small clearance V is formed between the bearing means and the planar surfaces A1, A2. When
the shaft 4 is displaced in the axial direction, the clearance V is reduced in the direction of the
displacement, until the bearing means 7 of the second set 7b touch the plane A1, A2 in the
direction of the displacement of the shaft. Thus, the bearing means 7 prevent the displacement
of the shaft further away from this specific point, and damage to the rotor can be prevented.
This arrangement has, for example, the advantage that only one trunnion bearing assembly is
needed in the axial direction.

[0020] The trunnion bearing 1 comprises a supporting structure 9 to which the bearing means
of both the first set 7a and the second set 7b are coupled in a rotating manner, for example by
arrangements of the roller bearing type. In an application of the trunnion bearing 1 according
to this third advantageous embodiment of the invention, the bearing means 7 of the second set
7b are placed in such a way that their centre is located on the circumference of substantially
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the same circle where the centres of rotation of the bearing means 7 of the first set 7a are
located. Furthermore, all the bearing means are preferably placed at substantially even
intervals. Thus, in the arrangement of Fig. 3a, in which each set 7a, 7b of bearing means
comprises 5 bearing means, the angle between adjacent bearing means will be 36°.

[0021] Furthermore, Figs. 6a and 6b show the structure of a trunnion bearing 1 according to a
fourth advantageous embodiment of the invention. This structure differs from the structure of
Figs. 3a and 3b primarily in that the second set 7b of bearing means arranged for bearing in
the axial direction are not in the same plane, but the second set 7b of bearing means is further
divided into at least a first group and a second group. Thus, the bearing means of the first
group are placed in a different plane than the bearing means of the second group.
Furthermore, the bearing means of the first group can be placed on a different circumference
(at a different distance from the centre of the movement range of the shaft) than the bearing
means of the second group. These different distances are indicated with references R1 and R2
in Fig. 6a. In a corresponding manner, the distance between said planes is indicated with
reference a in Fig. 6b. It is obvious that in the trunnion bearing 1 according to this
advantageous embodiment, the bearing means of the axial direction can also be placed in
more planes than said first and second planes. This embodiment is particularly advantageous
in such applications in which the axial forces effective on the rotor change their direction at
random, at a random frequency, when the trunnion bearing is in operation. Thus, the bearing
means 7b of the axial direction do not change their direction of rotation when the direction of
the axial force is changed. Furthermore, by the trunnion bearing according to this embodiment,
it is possible to implement random total thicknesses of the axial bearing, still using bearing
means of standart dimensions.

[0022] Although it was presented above that the bearing means 7 are rollers, it will be obvious
that other pieces which are symmetrical in relation to their centre of rotation can be used as
well. Some examples to be mentioned include a cylinder which is thicker at its middle part than
at its ends (a barrel), and a ball. In said pieces, the bearing can be arranged, for example, in
such a way that the pieces are provided with a shaft which can be separately mounted on
bearings in the support structure 9.

[0023] The advantageousness of the bearing means 7a, 7b of the roller type is based, for
example, on the fact that their frictional couple and thereby also the circumferential load on the
rotor forcing it to a rotating movement, is only slightly dependent on the load. In unlubricated
slide bearing structures, however, the frictional force is approximately directly proportional to
the load.

[0024] It is obvious that the bearing means of the axial direction do not need to be placed on
the same circumference, but each bearing means 7b of the axial direction may be placed on a
separate circumference. This applies also to the above-mentioned bearing structure 1
according to the fourth advantageous embodiment, where some or all of the bearing means of
the first group may be placed on different circumferences than the other bearing means of the
first group and, respectively, some or all of the bearing means of the second group may be
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placed on different circumferences than the other bearing means of the second group.

[0025] Figure 4 shows yet another electric machine 2 applying the trunnion bearing assembly
according to the invention. The electric machine 2 comprises a rotor 3 provided with a shaft 4
and a rotor winding 10. Furthermore, the electric machine is provided with a stator 11
comprising, for example, a stator winding 12. Trunnion bearings 1, 1' are coupled to the stator
11. The first trunnion bearing 1 is intended for use as a block stop against radial displacements
of the shaft 4. In the second trunnion bearing 1', both the radial and the axial trunnion bearing
are combined, wherein this second trunnion bearing 1' is used as a block stop against
displacements of the shaft 4 in the radial and axial directions. The trunnion bearings 1, 1' are
coupled between support structures 9, 9' and the stator 11 or another frame element in the
electric machine (not shown). Further, Fig. 4 shows, in a reduced manner, magnetic bearings
5, by which the actual contactless bearing is to be provided.

[0026] The rotationally symmetrical pieces, or bearing means 7a, to be used for the radial
bearing of the trunnion bearings 1, are placed substantially symmetrically around the rotor 3
(or its shaft 4) in such a way that they define a polygonal area as the range of movement for
the centre of rotation of the rotor. The centre of this polygon is substantially at the centre of the
rotor shaft 4 in a situation in which the rotor 3 is placed in its aimed position, substantially at the
centre of the area defined by the stator. Thus, the distance between the rotor and the stator is
optimal in view of possible impacts on the rotor. The imaginary sides of the polygon can be
straight or curved. In Fig. 5, a broken line L illustrates a theoretical polygon limiting an area,
inside which the centre M of the shaft 4 may move in an advantageous embodiment. In this
embodiment, the trunnion bearing 1,1' comprises six bearing means 7a for radial bearing.
From the figure, it can be seen that the sides of the polygon L (in this case a hexagon) are
curved and that theoretically the shortest distance between the side and the centre of the
polygon is determined on the basis of three radii R1, R2, R3 in such a way that this shortest
distance is R3 - (R1 + R2). Of these radii, the first one R1 indicates the radius of the rotor (or
its shaft 4) at the bearing point. The second radius R2 is the radius of the bearing means. The
third radius is the diameter of the imaginary circumference P of a circle, on which the centres O
of the bearing means 7a are located. Although the sides of the polygon L can be curved, in
practice, at high rotational speeds, the path of the centre of the rotor is limited to a polygon
with straight sides.

[0027] The above-described principle of symmetry can also be applied in an application in
which the trunnion bearing 1, 1' comprises both the bearing means 7a implementing the
bearing in the radial direction and the bearing means 7b implementing the bearing in the axial
direction. Thus, the bearing means 7a implementing the bearing in the radial direction are
placed substantially symmetrically on the same circumference. In a corresponding manner, the
bearing means 7b implementing the bearing in the axial direction are placed substantially
symmetrically on the same circumference, which does not, however, need to be the same as
that of the bearing means 7a implementing the bearing in the radial direction. Consequently,
the bearing means 7b to be used for bearing in the axial direction can be placed on the
circumference of a circle whose diameter is unequal to the circumference of the imaginary



DK/EP 1440499 T3

circle for the placement of the bearing means 7a to be used for bearing in the radial direction.

[0028] It is obvious that the present invention is not limited solely to the above-presented
embodiments but it can be modified within the scope of the appended claims.
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PATENTKRAYV

1. Taplejesamling (1) til sikkerhedslejring af en hurtiggaende elektrisk maskine
(2), hvilken hurtiggdende elekiriske maskine (2) omfatter en rotor (3), der er
anbragt, sa at den kan rotere, en stator (11) og mindst et kontaktlgst leje (5) til
lejring under brug af den hurtiggéende elektriske maskine, hvilken taplejesamling
(1) omfatter mindst tre rotatorisk symmetriske lejeorganer (7), der er monteret pa
lejer i forhold til deres rotationscentre, og at de mindst tre rotatorisk symmetriske
lejeorganer (7) er placeret rundt om en aksel (4) i det veesentlige symmetrisk,
séledes at leje-organernes (7) rotationscentrum er placeret pa periferien af i det
veesentlige den samme cirkel (P) pa en sadan made, at diameteren af den storste
imaginzaere cirkel inden i lejeorganerne er starre end diameteren af akslen (4) ved
lejeorganerne (7), kendetegnet ved, at mindst nogle (7b) af lejeorganernes (7)
rotationscentre er anbragt pa i det vaesentlige konstante steder i taplejesamlingen
(1), og mindst nogle (7b) af lejeorganerne (7) er anbragt til at begreense akslens
(4) beveegelse i den aksiale retning, og at lejeorganerne (7b), der begraenser
beveegelsen i den aksiale retning, omfatter mindst et forste saet (7b) lejeorganer
pa en sddan made, at rotationscentret af det farste seet (7b) lejeorganer er placeret
i det vaesentlige i det samme forste plan.

2. Taplejesamling ifalge krav 1, kendetegnet ved, at Iejeorganerne (7) omfat-
ter et andet seet lejeorganer (7b), hvis rotationscentrum er placeret i et plan, der
er forskelligt fra det forste plan i den aksiale retning.

3. Taplejesamling ifalge krav 1, hvor lejeorganerne (7b), der begraenser be-
veegelseni den aksiale retning, er placeret rundt om akslen (4) pa en sddan made,
at rotationscentret af alle lejeorganerne (7b), der begraenser bevaegelsen i den
aksiale retning, er placeret i det vaesentlige i det samme plan, i det vaesentlige
lodret pa akslens laengderetning, kendetegnet ved, at akslen (4) er forsynet med
mindst en plan flade (A1), at lejeorganerne i det forste saet (7b), der begraenser
bevaegelsen i den aksiale retning, er placeret teet pa den plane flade pa en sadan
méade, at rotationscentrene af lejeorganerne i det forste saet (7b), der begraenser
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bevaegelsen i den aksiale retning, er placeret pé periferien (P) af i det vaesentlige
den samme cirkel, og at diameteren af cirklen er mindre end diameteren af den

plane flade.

4. Taplejesamling ifalge krav 1, kendetegnet ved, at nogle (7a) af lejeorganer-
ne (7) er anbragt til at begreense akslens (4) bevaegelse i den radiale retning, hvor
mindst lejeorganerne (7a), der begreenser bevaegelsen i den radiale retning, er
placeret rundt om akslen (4) pa en saddan made, at rotationscentrene af alle
lejeorganerne (7a), der begraenser bevaegelsen i den radiale retning, er placeret
pa periferien af i det vaesentlige den samme cirkel (P) pa en sadan made, at
lejeorganerne (7a), der begraenser bevaegelsen i den radiale retning, definerer
rotorens beveegelsesomrade i den radiale retning til at vaere en polygon, og at
nogle (7b) af lejeorganerne (7) er anbragt til at begreense akslens (4) beveegelse i
den aksiale retning, hvor lejeorganerne (7b), der begraenser bevaegelsen i den
aksiale retning, er placeret rundt om akslen (4) pa en sddan made, at rotations-
centrene af alle lejeorganerne (7b), der begreenser beveegelsen i den aksiale
retning, er placeret i det vaesentlige i det samme plan, i det vaesentlige lodret pa
akslens leengderetning.

5. Taplejesamling ifglge krav 4, kendetegnet ved, at siderne af polygonen eri

det vaesentlige lige.

6. Taplejesamling ifelge krav 4, kendetegnet ved, at siderne af polygonen er
buede.

7. Taplejesamling ifalge et hvilket som helst af kravene 1 til 6, kendetegnet
ved, at masseinertien og friktionsparringen af lejeorganerne (7) er lav.

8. Taplejesamling ifelge krav 7, kendetegnet ved, at lejeorganerne (7) er
kuglelejer, vinklede kuglelejer i enkeltrackke og/eller radialt belastede cylindriske
rullelejer med holdere.



10

15

20

25

30

DK/EP 1440499 T3

9. Hurtiggdende elekirisk maskine (2), der omfatter en taplejesamling (1) til
sikkerhedslejet i den hurtiggaende elekiriske maskine (2), en rotor (3), der er
anbragt, sa at den kan rotere, en stator (11) og mindst et kontaktlgst leje (5) il
lejring under drift af den hurtiggdende elektriske maskine, hvilken taplejesamling
(1) omfatter mindst tre rotatorisk symmetriske lejeorganer (7), der er monteret pa
lejer i forhold til deres rotationscentre, og at de mindst tre rotatorisk symmetriske
lejeorganer (7) er placeret rundt om en aksel (4) i det vaesentlige symmetrisk,
saledes at lejeorganernes (7) rotationscentrum er placeret pa periferien af i det
vaesentlige den samme cirkel (P) pa en sddan made, at diameteren af den starste
imagineere cirkel inden i lejeorganerne er starre end diameteren af akslen (4) ved
lejeorganerne (7), kendetegnet ved, at mindst nogle (7b) af lejeorganernes (7)
rotationscentre er anbragt pa i det vaesentlige konstante steder i taplejesamlingen
(1), og mindst nogle (7b) af lejeorganerne (7) er anbragt til at begreense akslens
(4) beveegelse i den aksiale retning, og at lejeorganerne (7b), der begraenser
bevaegelsen i den aksiale retning, omfatter mindst et forste seet (7b) lejeorganer
pa en sadan made, at rotationscentrene af det forste saet (7b) lejeorganer er

placeret i det veesentlige i det samme fgrste plan.

10. Hurtiggdende elekirisk maskine ifalge krav 9, kendetegnet ved, at leje-
organerne (7) omfatter et andet saet lejeorganer (7b), hvis rotationscentre er
placereti et plan, der er forskelligt fra det forste plan i den aksiale retning.

11. Fremgangsmade til sikkerhedslejring af en hurtiggdende elektrisk maskine
(2) ved hjeelp af en taplejesamling (1), hvilken hurtiggéende elektriske maskine (2)
omfatter en rotor (3), der er anbragt, s& at den kan rotere i forhold til en aksel (4),
en stator (11) og mindst et kontaktlost leje (5) til lejring under drift af den
hurtiggdende elektriske maskine, i hvilken fremgangsméade taplejesamlingen (1)
er tilvejebragt ved hjeelp af mindst tre rotatorisk symmetriske lejeorganer (7), der
er monteret pd lejer i forhold til deres rotationscentre, og at de mindst tre rotatorisk
symmetriske lejeorganer (7) er placeret rundt om akslen (4) i det veesentlige
symmetrisk p4 en sddan méade, at lejeorganernes (7) centrum er placeret pa
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periferien (P) af i det vaesentlige den samme cirkel p4 en saddan méade, at
diameteren af den starste imaginzaere cirkel inden i lejeorganerne (7) er starre end
diameteren af akslen (4) ved lejeorganerne (7), kendetegnet ved, at mindst nogle
(7b) af lejeorganernes (7) rotationscentre er anbragt pa i det vaesentlige konstante
steder i taplejesamlingen (1), og mindst nogle (7b) af lejeorganerne (7) anvendes
til at begraense akslens (4) bevaegelse i den aksiale retning, og at af lejeorganerne
(7b), der begreenser bevaegelsen i den aksiale retning, er der tilvejebragt mindst
et forste saet (7b) lejeorganer, hvis rotationscentrum er placeret i det vaesentlige i

det samme forste plan.

12. Fremgangsmade ifalge krav 11, kendetegnet ved, at af lejeorganerne (7) er
der tilvejebragt et andet seet lejeorganer (7b), hvis rotationscentrum er placeret i

et plan, der er forskelligt fra det farste plan i den aksiale retning.

13. Fremgangsmade ifalge krav 10 eller 11, kendetegnet ved, at mindst nogle
(7a) af lejeorganerne (7) anvendes til at begraense akslens (4) beveegelse i den
radiale retning, hvor lejeorganerne (7a), der begraenser bevaegelsen i den radiale
retning, er placeret rundt om akslen (4) pa en sadan méde, at rotationscentrene af
alle lejeorganerne (7a), der begraenser bevaegelseni den radiale retning, er place-
ret pa periferien af i det veesentlige den samme cirkel pa en sédan méde, at dia-
meteren af den storste imaginaere cirkel inden i lejeorganerne (7) er starre end

diameteren af akslen (4) ved lejeorganerne (7).

14. Fremgangsmade ifalge krav 11, kendetegnet ved, at mindst nogle (7b) af
lejeorganerne (7) anvendes til at begraense akslens (4) bevaegelse i den aksiale
retning, hvor lejeorganerne (7b), der begreenser bevaegelsen i den aksiale retning,
er placeret rundt om akslen (4) pa en saddan made, at rotationscentrene af alle
lejeorganerne (7b), der begraenser bevaegelsen i den aksiale retning, er placeret i
det veesentlige i det samme plan, i det vaesentlige lodret p4 akslens leengde-

retning.
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Fig. 1b

Fig. 1a




DK/EP 1440499 T3




DK/EP 1440499 T3




DK/EP 1440499 T3

 B14




DK/EP 1440499 T3

G ‘b4




DK/EP 1440499 T3

Fig. 6b

Fig. 6a
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