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(54) Title: LONG ELECTRICAL MOTOR

(57) Abstract

In a long motor, where the rotor (2) is divided into sections with at the least one low friction bearing (4) arranged between the
sections and in each end of the long motor (1), whereby the stator is stacked continuously past the internal bearings (4), using thin sheets
of metal discs in the areas surrounding the bearings (4), and thin sheets of magnetic metal discs (10) between the bearings (4), it is the
object to provide a long electrical motor mainly for submersible use having a high efficiency, which motor being mechanically stable can
be assembled under low time consumption at low costs, and which motor is easy to maintain and repair. This object is accomplished in
that each single plate in the bearing pedestal (5) is significantly thicker than the common stator plates (10) and made of a paramagnetic
metal with good heat transfer properties, that the inner diameter of each plate in the bearing pedestal (5) is smaller than the inner diameter
of the common stator plates (10), that the bearing (4) is inserted in and held by a tight fit in the bearing pedestal (5), whereby the inner
diameter of the bearing (4) is fitting tightly to the axis of the rotor, and that the slots for the stator windings in all metal discs (5, 10) are
radially open towards the rotor.
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ABSTRACT

In a long motor, where the rotor (2) is divided into sections with at the
least one low friction bearing (4) arranged between the sections and in each
end of the long motor (1), whereby the stator is stacked continuously past the
internal bearings (4), using thin sheets of metal discs in the areas surrounding
the bearings (4), and thin sheets of magnetic metal discs (10) between the
bearings (4), it is the object to provide a long electrical motor mainly for sub-
mersible use having a high efficiency, which motor being mechanically stable
can be assembled under low time consumption at low costs, and which motor is
easy to maintain and repair.

This object is accomplished in, that each single disc in the bearing pedes-
tal (5) is significantly thicker than the common stator discs (10) and made of a
paramagnetic metal with good heat transfer properties, that the inner diameter
of each disc in the bearing pedestal (5) is smaller than the inner diameter of
the common stator discs (10), that the bearing (4) is inserted in and held by a
tight fit in the bearing pedestal (5), whereby the inner diameter of the bearing
(4) is fitting tightly to the axis of the rotor, and that the slots for the stator

windings in all the metal discs (5, 10) are radially open towards the rotor.

(Fig. 4, 5)
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Long Electrical Motor

The present invention refers to a long electrical motor, where the rotor is
divided into sections with at the least one low friction bearing arranged be-
tween the sections and in each end of the motor, whereby the stator is stacked
continuously past the internal bearings, using thin sheets of either magnetic
or non-magnetic metal discs in the areas surrounding the bearings, and thin
sheets of magnetic metal discs between the bearings.

Such a long electrical motor is known from US-Patent 2,251,816, where the
bearings are arranged in a groove in the rotor and consequently are made up of
bearing rings that might be split in two half bearing rings held in place by
butterfly keys. Such rings might contain a roller bearing in an internal groove
for reducing the friction. The production and mounting of such bearings is
elaborate and time consuming and therefore expensive. Further, the heat trans-
fer properties are dependent on the stator, as the bearing rings are supported
directly by the stator.

Another long electrical motor type is known from US-Patent 3,136,905 and
from DE-B 885 279, where the stator is divided in sections by bearing parts being
much thicker than the single stator disc, but - where the windings of the stator
are cut off by the bearing parts and are not passing from one end to the other
of the long electrical motor. Further, "in US-Patent 3,136,905 the bearings are
not of a “low friction” type. Such motors are also very complicated to assemble
and has a low degree of reliability due to the complicated production of the sta-
tor windings. This construction, also, ends up with a bad efficiency, as the mag-
netic flux is scattered by the relatively large gaps in the stator windings.’

Further, a long electrical motor is known from US-Patent 3,136,905, where
the bearings are defined directly by the stacked discs between the sections.
Those discs are thus made from a material that is not well suited for defining a
bearing with an uncontrolled friction. A bearing made of what could be re-
garded as a laminated material will under a relatively large friction provide a
non-uniform wearing surface, thereby making a pattern of abrasion in the
rotating axis. The friction causing an increase in the temperature is dependent
on good heat transfer properties of the bearings. Such good heat transfer prop-
erties are not present, when the bearings are made from the stacked discs, as
iron (Fe) has a thermal conductivity of only 72.8 J/(msK).

From US-Patent 5,128,573 another long electrical motor with multiple sec-
tions is known, where a rotor bearing and sleeve assembly is arranged between

each rotor section, each bearing including a fixed key for positioning in lon-
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gitudinal spacings formed as part of the stator section, to prevent rotation of the
bearing during use. Such bearing is evidently not a low friction type, as the
fixed key evidently is necessary.

From US-Patent 4,638,198 still another long electrical motor with multiple
sections is known, where the upper rotor section of each pair of successive ro-
tor sections may have its lower end supported on a rotor shaft protrusion, such
as a ring mounted in an annular groove of the rotor shaft, and where further a
chamfer at the end of the rotor bore locks the ring in place. Although this prior
art has a protrusion for the support of the lower end, this protrusion can not be
characterised as a bearing of low friction type. In addition, the protrusion is
locked on place by a chamfer at the end of the rotor bore, which is not reducing
the friction.

Finally, a long electrical motor with multiple sections is known from US-
Patent 4,453,099, where the bearing 1is an assembly including a sleeve, that is
keyed to the shaft, an inner portion, that rotably receives the sleeve, and a
flange with a periphery, that frictionally engages the stator to prevent the
bearing from rotating.

The state of the art has some drawbacks in that the threadening of the
stator windings all the way through the stator package is not possible or very
difficult. The threadening is very time consuming and expensive, and a means
for reducing the costs, when threadening the stator windings in a long electri-
cal motor, would be most convenient. Further, the state of the art is also depend-
ent on the friction in that the friction in the bearings is not controlled, and the
efficiency is relatively low due to the large magnetic gap between rotor and
stator, necessary to avoid mechanical damages when the magnetic momentum is
large. Finally, the costs for production and maintenance are high. The friction
can lead to heating and premature wear of the bearings and will therefore
cause loss of energy and materials.

It is therefore the object of the invention to provide a long electrical mo-
tor having a high efficiency, which motor being mechanically stable with an
effective cooling of the bearings can be assembled under low time consumption
at low costs, and which motor is easy to maintain and repair.

This object is achieved according to the invention in, that each single disc
in the bearing pedestal is significantly thicker than the common stator discs
and made of a paramagnetic metal with good heat transfer properties, that the
inner diameter of each disc in the bearing pedestal is smaller than the common

stator discs, that the bearing is inserted in and is held by a tight fit in the
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bearing pedestal, whereby the inner diameter of the bearing is fitting tightly
to the axis of the rotor, and that the slots for the stator windings in all the metal
discs are radially open towards the rotor.

A preferred embodiment according to the invention can be found in, that
the bearings are ball bearings, either thrust ball bearings and/or radial ball
bearings, thereby offering the lowest possible friction for either horizontal or
vertical position of the motor during wuse. In addition, the possibility of com-
bining the thrust ball bearings and the radial ball bearings in one motor,
thereby making it universally applicable, is possible based on the invention. It
can also be advantageous to use a roller bearing.

In the long motor according to the invention, where the threadening is
accomplished relatively fast and therefore at low costs, the slots are each
forming a cavetto for each winding, and it is suggested, that each string in the
winding has a non-circular cross section. Thereby it is achieved that the
winding can be guided through the openings for the rotor or the bearings and
thereafter being put into the slots. The non-circular cross section will, with this
feature, secure that the windings fill most of the cavities in the cavetto, thereby
providing a large magnetic flux in the rotor. The rotor can be of any type suited
for this purpose.

Further advantageous embodiments will be mentioned in the claims. The
invention will be disclosed further in the following special specification with

reference to the drawings, in which it is shown on:

Fig. 1. A longitudinal section along the centre axis of the motor

and its tools driven by the motor;

Fig. 2 a longitudinal section through the stator;

Fig. 3 a longitudinal section through the rotor;

Fig. 4 a the stator pedestal seen from the end of the motor;

Fig. 5 a cross section through a the stator pedestal along the
line V-V in fig. 4;

Fig. 6 a view of the one end of the rotor; and

Fig. 7 a sectional view of the end of the rotor shown in fig. 6;

A longitudinal section along the centre axis of the long motor 1 and its
tools driven by the long motor is shown in fig. 1, where the length of the long
motor is long compares to its diameter. In motors constructed according to nor-
mal practice, the length and the diameter of the long motor are approximately

<l:1, where in a long motor this relation could be 5:1. In the long motor shown
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in fig. 1, the relation is approximately 10:1. Such motors are very difficult to
stabilize against transversal forces and movements and therefore the use of
further bearings have been proposed, thereby dividing the rotor in sections.

With such division in sectors the bearings between the sectors was formed
from the common stator sheets or from non-magnetic sheets with rather com-
plicated form of bearings in order to make it possible to use the long motor in a
vertical position. Examples of such motors are mentioned in the ingress of the
specification.

From figure 1 it can be seen, that the rotor 2 is supported by bearings 4
which are suspended in bearing pedestals 5, which each are significant thicker
than the common stator sheets in the stator 3. The radially open slots 6 are
shown in the bearing pedestals, whereby the threadening of the stator wind-
ings are eased before the bearings are mounted.

The bearing pedestals are made of a paramagnetic metal, e.g. aluminum or
copper. The varying magnetic flux will cause a heating of the bearing pedestals
due to vortex-currents. Therefore, copper could be preferred as a material for
the bearing pedestals, as it has a specific thermal conductivity of 401 J/(m-s-K),
whereas aluminum has a specific thermal conductivity of 237 J/(m-s-K). Both
metals show, however, excellent properties in thermal conductivity.

Fig. 2 shows the stator alone built up with the bearing pedestals 5. As each
stator sheet might vary in thickness due to the punching of the sheets, the sta-
tor sheets are grouped in 10 sheets to rotate each group 90° relative to the pre-
vious group 10. Thereby it is achieved that the stator can be almost straight over
the total length with only small deviations from a straight line. This, on the
other hand, will guarantee, that the rotor can rotate very close to the stator
without coming into physical contact with the stator and thereby transfer an
optimum magnetic flux to the rotor.

Fig. 3 shows a rotor with bearings mounted between the sections of the
rotor. The rotor can be of any type, e.g. asynchronous rotor or a permanent
magnetic rotor, the latter of which, on the other hand, needs a control means.
For an asynchronous rotor, the windings are marked with 20.

Fig. 4 shows a bearing pedestal 5 as seen from the end of the long motor.
The slots 6 are radially open towards the rotor. The width of the slot is not con-
stant along a radius, and from the narrow opening towards the rotor the width
increases with the depth of the slot, thus forming a cavetto for each stator
winding. The “magnetic” yokes 7 are thereby made more or less constant in

thickness along a radius. In this construction a bearing is fitted tight in be-
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tween the yokes 7 and can be kept there due to the solid construction of the
bearing pedestal 5. As mentioned above copper as well as aluminum can be used
as a material for the bearing pedestal, and with these metals it is secured, that

the heat developed, can be removed through the bearing pedestal 5.
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The claims defining the invention are as follows:

1. A long motor, where the rotor is divided into sections with at the least one low friction
bearing arranged between the sections and in each end of the long motor, whereby the stator
is stacked continuously past the internal bearings, using thin sheets of metal discs in the areas
surrounding the bearings, and thin sheets of magnetic metal discs between the bearings,
characterized in, that each single disc in the bearing pedestal is significantly thicker than the
common stator discs and made of a paramagnetic metal with good heat transfer properties,
that the inner diameter of each disc in the bearing pedestal is smaller than the inner diameter
of the common stator discs, that the bearing is inserted in and held by a tight fit in the bearing
pedestal, whereby the inner diameter of the bearing is fitting tightly to the axis of the rotor,

and that the slots for the stator windings in all the metal discs are radially open towards the

rotor.
2. A motor according to claim 1, characterized in, that the bearings are ball bearings.
3. A motor according to claim 1, characterized in, that the bearings are thrust ball

bearings and/or radial ball bearings.

4. A motor according to claim 1, characterized in, that the bearings are roller bearings.

5. A motor according to any of the preceeding claims, characterized in, that, threads in

the winding have a noncircular cross section.

6. A long motor substantially as hereinbefore described with reference to the

accompanying drawings.

DATED this 11th day of February, 2000
WELLTEC ApS

by its Patent Attorneys

DAVIES COLLISON CAVE



PCT/DK97/00536

WO 98/24166

1/4




/T

991P7/86 OM

9€S00/L6MIA/ LD



PCT/DK97/00536

WO 98/24166

- 3/4

G b

7



WO 98/24166 PCT/DK97/00536

b4

Fig. 6

e
AY

SN

RN

7,

)

s




