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(57) Abstract: The present invention relates to a rim
driven propeller unit for a vessel, where a number of
permanent magnets are arranged round the propeller
unit's rotatable rotor housing, comprising a number of
propeller blades, and a number of permanent magnets
round the propeller unit's external, stationary casing
housing the rotatable rotor housing, where the perma-
nent magnets round parts of the rotatable rotor hous-
ing and the external, stationary casing's circumference
are provided located above one another with like po-
larity, while other parts of the rotatable rotor housing
and the external, stationary casing are provided locat-
ed facing one another with opposite polarity, whereby
the rotor housing and the stationary casing are re-
pelled by and attracted to one another respectively,
thereby being prevented from coming into contact
with one another.



10

15

20

25

30

35

WO 2010/134820 PCT/NO2010/000175

Support of propeller unit for a vessel

The present invention relates to support of a propeller unit for a vessel, and more
particularly the present invention relates to support of a rim driven propeller unit,
where the propeller unit’s permanent magnets are employed as a part of the
propeller unit’s support. The permanent magnets, which are arranged so as to form a
radial support of the propeller unit, will interact with the propeller unit’s axial
bearings, thereby together forming an axial and radial support of the propeller unit.

The permanent magnets, which form a radial support of the propeller unit, interact
with axial bearings, thereby together forming an axial and radial support of the
propeller unit.

A vessel’s propeller unit will be subjected to greater or lesser loads when the vessel
moves through the mass of water. On account of turbulence in the water and/or the
waves, the mass of water passing through the propeller unit will form a varied
pressure distribution over the propeller unit, thereby subjecting the propeller unit to
greater or lesser vibrations. The vibrations could cause a number of the propeller
unit’s components and/or elements, and especially the bearings, to be exposed to
substantial wear. This will result in a shortening of the effective life of the
components and/or the elements, making it necessary to carry out more frequent
checks and/or maintenance on the propeller unit. In addition the vibrations to which
the propeller unit is subjected could also be transmitted to the vessel on which the
propeller unit is mounted, resulting in discomfort for the crew and passengers on
board the vessel.

A number of solutions have therefore been developed which are intended to remedy
one or more of the above problems or drawbacks, for example, by the mass of water
being guided in a special manner through the propeller unit, by the propeller unit’s
support etc., thereby resulting in the creation of less pressure differences and/or
turbulence in the mass of water passed and thereby also less wear on components or
elements and less vibrations in both vessel and propeller unit.

In US 5.408.155 support of a vessel’s propeller unit is described, where the
propeller unit comprises a radial and axial bearing assembly. The contact surfaces
between the propeller unit’s rotating and stationary parts are coated with a material
of greater hardness than the underlying materials. By coating the various parts with
a harder material, the propeller unit’s parts will be exposed to less wear.

An object according to the present invention is to provide a rim driven propeller
unit for a vessel, which propeller unit is not subjected to major vibrations, with the
result that the propeller unit’s components are exposed to less wear.
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Another object of the present invention is to provide a propeller unit where
permanent magnets are employed in order to form a bearing which can absorb both
axial and radial loads to which the propeller unit is subjected.

These objects are achieved with a bearing device as indicated in the following
independent claim, where further features of the invention will become apparent
from the dependent claims and the description below.

The present invention relates to support of a propeller unit in a vessel, where the
propeller unit comprises a stationary casing. In the stationary casing a rotatable
rotor housing is mounted. A number of propeller blades are furthermore attached to
the rotor housing through a hub and the rotor housing’s internal circumference.
Since the rotor housing with the propeller blades will rotate during operation of the
vessel, the rotor housing is rotatably mounted in the casing. This is accomplished by
arranging a number of permanent magnets round an external circumference of the
rotor housing, which permanent magnets round the rotor housing interact with and
are influenced by a number of permanent magnets which are arranged round an
internal circumference of the propeller unit’s stationary casing.

The permanent magnets may be arranged round the entire or parts of the rotatable
rotor housing and/or the stationary casing’s circumference. The permanent magnets
will preferably be arranged round the entire external circumference of the rotatable
rotor housing, while round the stationary casing’s internal circumference permanent
magnets will only be arranged in the area or areas where most wear is expected.
This may be, for example, in the casing’s lower area (i.e. the area which projects
furthest down into the water under the vessel) and in an area opposite to this (i.e. in
the casing’s upper area). This is due to the fact that, on account of its weight, the
rotatable rotor housing will be “pulled” down towards the stationary casing’s lower
area (the bottom of the casing).

The permanent magnets may, for example, be attached to the stationary casing and
the rotatable rotor housing by gluing, screwing or the like.

The contact surfaces of the permanent magnets which are arranged round the
rotatable rotor housing and the stationary casing will then preferably be coated with
a bearing material, whereupon the rotatable rotor housing and the stationary casing
are assembled by the rotatable rotor housing being inserted in the stationary casing.
In this case the contact surfaces of the permanent magnets should be understood to
be the surfaces which are facing each other when the permanent magnets are
arranged round the entire or parts of the rotatable rotor housing’s external
circumference and the stationary casing’s internal circumference. The bearing
material may be composed of a type of material which is different to the material of
which the permanent magnets are made, preferably a material which is resistant to
wear, so that the permanent magnets are exposed to a lesser extent to wear during
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use of the propeller unit. The bearing material may furthermore also be provided
round all of the permanent magnets’ surfaces, with the result that the permanent
magnets in the rotatable rotor housing and/or the stationary casing are completely
enveloped by the bearing material.

The arrangement of the permanent magnets round the external circumference of the
rotatable rotor housing and the internal circumference of the stationary casing may
be implemented in different ways: in an embodiment of the present invention the
permanent magnets which are arranged round the entire or parts of the rotatable
rotor housing and the stationary casing are of the same polarity, for example the
permanent magnets are made as a negative pole (N-pole). This will have the result
that the permanent magnets in the rotatable rotor housing and the stationary casing
will attempt to repel one another round the entire or parts of the circumference of
the two elements, thereby preventing contact between the rotatable rotor housing
and the stationary casing.

In an embodiment of the present invention the permanent magnets which are
arranged round the rotatable rotor housing’s external circumference may be of the
same polarity, while the permanent magnets which are arranged round the internal
circumference of the stationary casing will be able to be divided up into areas with
different polarity. For example, in an area between 145 degrees and 215 degrees on
the stationary casing, where zero degrees is defined as a top point on the rotatable
rotor housing in the propeller unit’s mounted position, permanent magnets of the
same polarity as the permanent magnets arranged round the rotatable rotor
housing’s external circumference may be provided. This will mean that, when the
propeller unit is in operation, the rotatable rotor housing with the propeller blades,
which rotates internally in the stationary casing, will always have an area, which
area is located in the “bottom” of the stationary casing, where the permanent
magnets in the rotatable rotor housing and the stationary casing will be of the same
polarity, whereby their polarity will attempt to push the rotatable rotor housing
“upwards” in the stationary casing, thereby preventing the rotatable rotor housing
and the stationary casing from being brought into contact with each other in this
area, and thereby avoiding wear on the bearing material.

In a further embodiment of the present invention the permanent magnets which are
arranged round the rotatable rotor housing’s external circumference are of the same
polarity, i.e. only magnetised north poles or south poles. Round the internal
circumference of the stationary casing, in an area between 35 degrees and 325
degrees, where zero degrees is defined as corresponding to a top point on the
rotatable rotor housing in the propeller unit’s mounted position, permanent magnets
may be provided which have opposite polarity to the permanent magnets which are
arranged round the rotatable rotor housing’s external circumference. Furthermore,
in an area between 145 degrees and 215 degrees of the stationary casing, where zero
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degrees is defined as a top point on the rotatable rotor housing in the propeller
unit’s mounted position, permanent magnets may be provided of the same polarity
as the permanent magnets which are arranged round the rotatable rotor housing’s
external circumference. With this embodiment, in its lower area, the stationary
casing will attempt to repel the rotatable rotor housing from the stationary casing in
this area, since it has the same polarity as the permanent magnets arranged round
the rotatable rotor housing’s external circumference, while in the stationary casing’s
upper area the permanent magnets in the stationary casing and the rotatable rotor
housing will attempt to attract one another on account of their opposite polarity.
The rotatable rotor housing will therefore be in contact with the stationary casing to
a far lesser extent during the propeller’s operation, thereby exposing the permanent
magnets which form the propeller unit’s bearings to less wear.

In yet another embodiment of the present invention permanent magnets may be
mounted round the internal circumference of the stationary casing in an area
between 145 degrees and 215 degrees, where zero degrees is defined as
corresponding to a top point on the rotatable rotor housing in the propeller unit’s
mounted position, where the permanent magnets have the same polarity as the
permanent magnets arranged round the external circumference of the rotatable rotor
housing, whereby the permanent magnets arranged in the stationary casing and in
the rotatable rotor housing in this area will attempt to repel one another. The
rotatable rotor housing will therefore not come into contact with the stationary
casing in this area. |

In a further embodiment of the present invention permanent magnets may be
arranged in several sets or rows round the circumference of the rotatable rotor
housing and the stationary casing, where the sets of permanent magnets are
arranged at a distance from one another in the rotatable rotor housing’s and the
stationary casing’s longitudinal direction. The permanerit magnets will then
preferably be arranged so as to form a closed “ring” round the circumference, and
the sets of permanent magnets in the rotatable rotor housing and the stationary
casing are further arranged located above one another.

In a preferred embodiment of the present invention two sets of permanent magnets
are arranged, located beside each other in the rotatable rotor housing’s longitudinal
direction, round the external circumference of the rotatable rotor housing. One set
may then be provided with negative polarity, while the other set will be provided
with positive polarity. In a similar manner two sets of permanent magnets, located
beside each other in the stationary casing’s longitudinal direction, will also be
provided round the internal circumference of the stationary casing, where one set of
permanent magnets will be provided with negative polarity, while the other set of
permanent magnets will be provided with positive polarity. Thus in this case the
two sets of permanent magnets which are arranged on the rotatable rotor housing
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and in the stationary casing will be arranged in such a manner that, when the

_propeller unit is assembled, the sets with negative polarity will be located above

each other, with the result that the sets with positive polarity will also be located
above each other. The two sets of permanent magnets are preferably arranged in or
close to each end of the stationary casing’s and the rotatable rotor housing’s
openings.

Alternatively, two sets of permanent magnets may be arranged in or close to each
end of the rotor housing/casing, while a further two sets of permanent magnets may
be arranged in an area round the middle of the rotor housing’s/casing’s longitudinal
direction, in order thereby to further support or mount the rotatable rotor housing
relative to the stationary casing. It should be understood, however, that only one set
of permanent magnets may be employed, that several sets of permanent magnets
may be arranged along the rotor housing’s/casing’s longitudinal direction, etc. This
will depend on the loads to which the propeller unit is subjected, use of bearing
material etc., where a person skilled in the art will know how this should be done in
each individual case.

The above-mentioned angular areas for placing or arranging the permanent magnets
on the rotatable rotor housing and/or the stationary casing are preferred
embodiments of the present invention, and it should therefore be understood that
further variations of these angular areas may be possible. '

In the embodiments of the present invention indicated above a bearing material,
such as that indicated above, will be provided on the permanent magnets. The
bearing material will then be able to cover the entire or parts of the surface of the
permanent magnets. For example, in the embodiments which only cover the use of
one set of permanent magnets in the stationary casing and the rotatable rotor
housing, a bearing material may be provided on the surfaces of the permanent
magnets facing one another, while in the embodiments comprising several sets of
permanent magnets arranged beside one another, the permanent magnets’ lateral

‘surfaces may also be covered by the bearing material. By coating the permanent

magnets with the bearing material, it will be the bearing material that is exposed to
wear if the rotatable rotor housing should come into contact with the stationary
casing. The bearing material may basically be made of any material whatever, or of
several different materials, but preferably a material or materials which are wear
resistant. The bearing material may be applied to the permanent magnets in a
suitable fashion, for example by spraying, gluing etc.

The sets of permanent magnets which are arranged round the entire or parts of the
rotatable rotor housing’s and the stationary casing’s circumference consist of a
number of separate, discrete permanent magnets, where the separate, discrete
permanent magnets are placed one behind the other in one or more rows. Two
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adjacent permanent magnet units in a set of permanent magnets may then be
arranged so that they are in contact with one another, or they may also be arranged
with a gap between them.

The permanent magnets may also be provided as larger units, where the permanent
magnet covers the whole area which has to be covered by the permanent magnets,
for example the area from 145 to 215 degrees.

The permanent magnets which are arranged round the external circumference of the
rotatable rotor housing and round the internal circumference of the stationary casing
are preferably arranged located immediately above one another when viewed in
section in the propeller unit’s longitudinal direction (axial direction), but may also
conceivably be slightly displaced laterally relative to one another.

Furthermore, the permanent magnets may be arranged over the whole or parts of the
rotor housing’s and/or the casing’s axial dimension. In a preferred embodiment of
the present invention the permanent magnets are arranged in the rotor housing’s and
the casing’s front and rear edge, i.e. in the area which forms the rotor housing’s and
the casing’s openings. '

The permanent magnets which are arranged round the rotatable rotor housing and
the stationary casing may be provided with the same dimensions (i.e. thickness,
length, width), or they may have different dimensions. The permanent magnets may
furthermore be designed in such a manner that round the circumferences of the
rotatable rotor housing and/or the stationary casing they have different dimensions
in-special areas of the circumferences, for example the permanent magnets in the
casing may be of greater thickness in the area between 145 degrees and 215
degrees.

It is also possible for the permanent magnets to be composed of several layers of
permanent magnets located above and in contact with one another. '

A further possibility is that the distance between one or more of the sets of
permanent magnets which are arranged on the rotatable rotor housing and one or
more of the sets of permanent magnets which are arranged in the stationary casing
may also vary. For example, the distance between the sets of permanent magnets
may be greater in a lower point of the rotor housing in the propeller unit’s mounted
position.

The permanent magnets may be attached in a suitable manner to the rotor housing
and the stationary casing, for example by gluing, by the permanent magnets being
placed in holders, which are then attached to the rotor housing/the stationary casing,
etc.
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The bearing device according to the present invention seeks to avoid or at least
reduce disadvantages of the already existing solutions.

Other advantages and special features of the present invention will become apparent
from the following detailed description, the attached drawings and the following
claims.

The invention will now be described in greater detail with reference to the
following figures, in which

Figure 1 illustrates a propeller unit according to the present invention,

Figure 2 illustrates a section of a propeller unit comprising the bearing device in
figure 1,

Figure 3 illustrates an embodiment of the bearing device according to the present
invention, and

Figure 4 illustrates further details of the bearing device according to the present
invention. '

In figure 1 a propeller unit according to the present invention is illustrated, where
the propeller unit comprises an external, stationary casing 1 and a rotatable rotor
housing 2. The external, stationary casing 1 is securely mounted in a suitable
manner to a vessel (not shown), so that the casing 1 forms a stationary unit with the
vessel. The rotatable rotor housing 2 is mounted internally in the external,
stationary casing 1, where the rotor housing 2 is composed of a number of propeller
blades 3 and a propeller hub 5. The propeller blades 3 are securely connected to the
rotatable rotor housing 2 through the propeller hub 5 and the rotatable rotor
housing’s 2 internal circumference. The rotor housing’s 2 external diameter is
smaller than the stationary casing’s 1 internal diameter, with the result that when
the external, stationary casing 1 and the rotatable rotor housing 2 are assembled, a
gap will be created between the rotating rotor housing’s 2 external circumference
and the external, stationary casing’s 1 internal circumference, where this gap is used
for support of the rotatable rotor housing 2 relative to the external, stationary casing
1.

This is illustrated in figure 2, where a collar 13 is provided round the external
circumference of the rotatable rotor housing 2, which collar 13 includes a cutout 11.
In this cutout 11 a set of permanent magnets 4 are arranged. The permanent magnets
4 consist of a number of separate, discrete permanent magnet units, where these are
arranged one after the other in a row round the entire or parts of the circumference
of the cutout. In the figure the permanent magnets 4 are attached to the collar 3 by
means of a connecting piece 10.
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The external, stationary casing 1 is closed at one end, this end being provided with a
flange 6 which protrudes inwardly in the stationary casing’s 2 axial direction. A
magnet holding device 7 is attached to the flange 6 via a bolt 8. In this magnet
holder 7 a second set of permanent magnets 4 is arranged, consisting of a number of
permanent magnet units. The permanent magnet units may be arranged round the
entire or parts of the circumference of the flange 6.

When the rotatable rotor housing 2 is mounted in the external, stationary casing 1,
the two sets of permanent magnets 4 in the rotatable rotor housing 2 and the
external, stationary casing 1 will be arranged located directly above one another.

In figure 2 for the sake of simplicity only one end (section) of the propeller unit is
shown. It should be understood, however, that the permanent magnets 4 will be
arranged in a similar manner on the propeller unit’s opposite side. However, the
external, stationary casing 1 will not be closed in its opposite end to that illustrated
in figure 2, which will permit easy assembly of the external, stationary casing 1 and
the rotatable rotor housing 2. When the external, stationary casing 1 and the
rotatable rotor housing 2 are assembled, the rotatable rotor housing 2 can be held in
place in the external, stationary casing 1 by means of one or more locking devices.
The locking device(s) may, for example, be in the form of a locking ring, flanges or
the like, this or these being attached in a suitable manner internally in the external,
stationary casing 1. Any sets of permanent magnets 4 which are provided between
the two ends of the propeller unit will only be arranged (without the use of flanges,
cutouts, etc.) round the rotatable rotor housing’s 1 external circumference and the
external, stationary casing’s 1 internal circumference. This may be accomplished,
for example, by the permanent magnets 4 being connected in a suitable manner to
the rotatable rotor housing 2 and the external, stationary casing 1, for example by
gluing.

In the embodiment in figure 3 the permanent magnets 4 are only provided in an area
between 145 degrees and 215 degrees of the external, stationary casing’s 1 internal
circumference, where zero degrees is defined as corresponding to a top point on the
rotatable rotor housing 2 in the propeller unit’s mounted position, while permanent
magnets 4 are provided round the entire external circumference of the rotatable
rotor housing 2. The permanent magnets 4 which are arranged on the external,
stationary casing’s 1 internal circumference, in the area between 145 degrees and
215 degrees will have the same polarity as the permanent magnets 4 which are
arranged round the rotatable rotor housing’s 1 external circumference, with the
result that the permanent magnets 4 in the external, stationary casing 1 and the
rotatable rotor housing 2 will attempt to repel one another in this defined area. The
rotatable rotor housing 2 will therefore come into contact with the external,
stationary casing 1 in this area to a far lesser extent.
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The permanent magnets’ 4 facing surfaces are furthermore covered by a bearing
material 9 (see figure 2), where this bearing material 9 is more resistant to wear
then the permanent magnets 4 are. The bearing material 9 can be applied to the
permanent magnets’ 4 surfaces by spraying or gluing.

A second bearing 10, which may be made of the same material as the bearing
material 9, is provided between the stationary casing’s 1 flange 6 and the rotor
housing’s 2 collar 13.

In figure 4 a second embodiment of the present invention is illustrated, where it can
be seen that the permanent magnets 4 in the external, stationary casing 1 are now
arranged in two areas round the rotatable rotor housing’s 2 external circumference,
namely in an area between 35 degrees and 325 degrees and in the area between 145
degrees and 215 degrees, where zero degrees is defined as corresponding to a top
point on the rotatable rotor housing 2 in the propeller unit’s mounted position. In a
similar manner to that in figure 2, permanent magnets 4 are arranged round the
entire external circumference of the rotatable rotor housing 2. The permanent
magnets 4 which are arranged on the external, stationary casing’s 1 internal
circumference, in the area between 145 degrees and 215 degrees, will have the same
polarity as the permanent magnets 4 which are arranged round the external
circumference of the rotatable rotor housing 1, with the result that the permanent
magnets 4 in the external, stationary casing 1 and the rotatable rotor housing 2 will
attempt to repel one another in this defined area. Thus the rotatable rotor housing 2
will come into contact with the external, stationary casing 1 in this area to a far
lesser extent.

The permanent magnets 4 which are arranged on the external, stationary casing’s 1
internal circumference between 35 degrees and 325 degrees will have opposite
polarity to the permanent magnets 4 which are arranged round the rotatable rotor
housing’s 1 external circumference, with the result that the permanent magnets 4 in
the external, stationary casing 1 and the rotatable rotor housing 2 will attempt to
attract one another in this area.

The effect of this embodiment will be that the permanent magnets in the casing 1
and the rotor housing 2 will attract one another in the area between 35 degrees and
325 degrees, while the permanent magnets in the area between 145 degrees and 215
degrees will repel one another.

The invention has now been explained by means of several non-limiting
embodiments. A person skilled in the art will appreciate that it will be possible to
implement a number of variations and modifications of the propeller unit as
described within the scope of the invention, as it is defined in the attached claims.
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1.

PCT/NO2010/000175
10 .

A bearing device in a rim driven propeller unit for a vessel, which
propeller unit comprises an external, stationary casing (2) and a rotatable
rotor housing (1) mounted therein containing a number of propeller
blades (3),

characterised in that at least one set of permanent magnets (4) is arranged
round an external circumference of the rotatable rotor housing (1), which
permanent magnets (4) are influenced by at least one set of permanent
magnets (4) arranged round the entire or parts of an internal
circumference of the external, stationary casing (2), where a bearing
material (9) covers the surfaces of the permanent magnets (4).

A bearing device according to claim 1,

characterised in that the permanent magnets (4) arranged round the
external circumference of the rotatable rotor housing (1) and the entire or
parts of the internal circumference of the external, stationary casing (2)
are of the same polarity.

A bearing device according to claim 2,

characterised in that an area between 145 degrees and 215 degrees of the
internal circumference of the external, stationary casing (2), where zero
degrees is defined as being the top point on the rotor housing (1) in the
propeller unit’s mounted position, is provided with permanent magnets
(4) of the same polarity as the permanent magnets (4) arranged round the
external circumference of the rotatable rotor housing (1).

A bearing device according to claim 2,

characterised in that an area between 35 degrees and 325 degrees of the
internal circumference of the external, stationary casing (2), where zero
degrees is defined as corresponding to the top point on the rotor housing
(1) in the propeller unit’s mounted position, is provided with permanent
magnets (4) with different polarity to the permanent magnets (4) arranged
round the external circumference of the entire rotor housing (1).

A bearing device according to claims 1-4,
characterised in that a set of permanent magnets (4) is composed of a
number of separate permanent magnet units.

A bearing device according to claims 1-4,
characterised in that a set of permanent magnets (4) is composed of a
single permanent magnet.



10

15

20

25

WO 2010/134820

10.

11.

12.
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A bearing device according to claim 1,
characterised in that a bearing material (9) is provided on the facing
surfaces of the permanent magnets (4).

A bearing device according to claim 1 or 6,
characterised in that the bearing material (9) is provided on the lateral
surfaces of the permanent magnets. '

A bearing device according to claim 1,

characterised in that the sets of permanent magnets (4) round the external
circumference of the rotatable rotor housing (1) and the internal
circumference of external, stationary casing (1) are arranged above one
another located in the propeller unit’s mounted position.

A bearing device according to cla1m 1,

characterised in that the sets of permanent magnets (4) round the external
circumference of the rotatable rotor housing (1) and the internal
circumference of external, stationary casing (1) are arranged laterally
displaced relative to one another located in the propeller unit’s mounted
position.

A bearing device according to claim 1 or 8,

characterised in that the permanent magnets (4) are arranged over the
entire or parts of the external, stationary casing’s (1) and the rotatable
rotor housing’s (2) axial dimension.

A bearing device according to claim 1,

characterised in that the permanent magnets (4) round the rotatable rotor
housing (2) and the external, stationary casing (1) have the same
thickness, when viewed in a cross section of the permanent magnets.
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