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(57) Abstract: A centrifugal separator (1) comprising a rotor
arrangement (2) and a drive arrangement (5) is disclosed. A user of
electric energy (12) is arranged in the rotor arrangement (2). The
centrifugal separator comprises a rotary transformer (14), the ro-
tary transformer comprising a transformer stator and a transformer
rotor. The transformer stator and the transformer rotor are arranged
adjacent to each other with an airgap therebetween. The trans-
former rotor comprises a secondary coil and is rotatable together
with the rotor arrangement (2). The secondary coil is electrically
connected to the user of electric energy (12) arranged in the rotor
arrangement (2) for providing the user of electric energy (12) with
an electric current. The user of electric energy may be an actuator,
and/or a sensor, and/or a control unit (46).
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CENTRIFUGAL SEPARATOR AND METHOD OF OPERATING A
CENTRIFUGAL SEPARATOR

TECHNICAL FIELD
The invention relates to a method of operating a centrifugal separator, and to a centrifugal
separator.

BACKGROUND

A centrifugal separator comprises a rotor arrangement and a drive arrangement. The rotor
arrangement comprises a spindle and a separator bowl. The drive arrangement is configured
for rotating the rotor arrangement about a rotation axis. Inside the separator bowl there is a
separation space wherein a stack of frustoconical separation discs is arranged. A fluid
mixture is fed into the separation space and the disc stack, and is separated into at least a
light fluid phase and a heavy fluid phase during rotation of the rotor. The light and heavy fluid
phases may be continuously led out of the rotor.

US 6011490 discloses an apparatus for measurement of a position of an interface between
two fluids in a centrifuge rotor during rotation. The apparatus comprises an electric or
magnetic sensor mounted internally on a wall in the centrifuge rotor, and means for contact-
free and intermittent transmission of measurement signals from the sensor to a stationary
measuring unit outside the centrifuge rotor. The sensor comprises an active electronic circuit
adapted to store measurement values that are recorded during at least a portion of a
revolution of the rotor, before said transmission of corresponding measurement signals to the
measuring unit. Electric power supply to the electronic circuit is provided for by generator
means comprising a stationary magnet near the rotor and a coil mounted in the rotor so that
a voltage is induced in the coil during movement past the magnet means during a portion of
one rotation of the rotor.

An alternative way of providing electrical energy to a rotor may be to utilise a transformer.
US 5814900 discloses a device in the form of a transformer for transmitting electrical energy.
The device comprises of a core of a ferromagnetic material and a primary coil and a
secondary coil wound about the core. At least one receiver in the form of an areal antenna
and at least one sender in the form an areal antenna are arranged in the direct vicinity of the
primary and secondary coils for a contact-free transmittal of changing signals.
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SUMMARY
It is an object of the invention to ensure stable operating conditions for a user of electric

energy in a rotor arrangement of a centrifugal separator.

According to an aspect of the invention, the object is achieved by a centrifugal separator
comprising a rotor arrangement and a drive arrangement. The rotor arrangement comprises
a spindle, a separator bowl enclosing a separation space, and a user of electric energy. The
centrifugal separator comprises an inlet for a fluid mixture, and an outlet for a separated fluid.
The inlet is fluidly connected with the separation space, and the outlet is fluidly connected
with the separation space. The drive arrangement is connected to, or forms part of, the
spindle and is configured to rotate the rotor arrangement about a rotation axis X. The
centrifugal separator comprises a rotary transformer, the rotary transformer comprising a
transformer stator and a transformer rotor, wherein the transformer stator and the
transformer rotor are arranged adjacent to each other with an airgap therebetween, and
wherein the transformer rotor comprises a secondary coil and is rotatable together with the
rotor arrangement, wherein the secondary coil is electrically connected to the user of electric
energy arranged in the rotor arrangement for providing the user of electric energy with an
electric current. The centrifugal separator comprises an actuator arranged in the rotor
arrangement, the actuator forming at least part of the user of electric energy, and/or the
centrifugal separator comprises a sensor arranged in the rotor arrangement, the sensor
forming at least part of the user of electric energy, and/or the centrifugal separator comprises
a control unit arranged in the rotor arrangement, the control unit forming at least part of the

user of electric energy.

Since the centrifugal separator comprises the rotary transformer as defined above, an
alternating current supplied to the transformer stator is transferred to the transformer rotor.
The alternating current received by the transformer rotor, specifically by the secondary coil of
the transformer rotor, is utilised for supplying the electric current to the user of electric energy
arranged in the rotor arrangement. Thus, the user of electric energy in the rotor arrangement
is able to operate inside the rotor arrangement as the rotor arrangement rotates. Accordingly,
stable operating conditions are provided for the user of electric energy. As a result, the
above-mentioned object is achieved.

Since a current may continuously be transferred to the transformer rotor, the user of electric
energy may operate continuously as the rotor arrangement rotates, but also when the rotor

arrangement is stationary. Thus, the user of electric energy may not only comprise low
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current consumers such as the sensor or control unit, but additionally or alternatively may

comprise a high current consumer such as the actuator.

The centrifugal separator may be configured for separating a fluid mixture into at least a light
fluid phase and a heavy fluid phase. The centrifugal separator may be a high speed
centrifugal separator, i.e. the rotor arrangement may rotate a rotational speed of several
thousands of RPM, such as e.g. at least 2000 RPM, or at least 4000 RPM, or at least 6000
RPM, creating a gravitational field of at least 500 G, or at least 1000 G, or at least 2000 G.
Inside the separation space, a stack of frustoconical separation discs may be arranged. The
user of electric energy may be a large current consumer in comparison with electric energy
users inside rotor arrangements of prior art centrifugal separators. The user of electric
energy may comprise one large electric energy consumer, or several electric energy

consumers.

The transformer stator may comprise a primary coil to which the alternating current is
supplied for transfer to the transformer rotor and the secondary coil.

According to embodiments, the transformer stator may be arranged radially outside the
transformer rotor, seen from the rotation axis X. In this manner, an axially space saving

arrangement of the rotary transformer may be provided.

According to embodiments, the transformer stator may be arranged axially adjacent to the
transformer rotor, seen along the rotation axis X. In this manner, any expansion of the
transformer rotor due to a high rotational speed of the transformer rotor will not affect the
transformer stator, which is arranged axially adjacent to the transformer rotor.

According to embodiments, the transformer rotor may be arranged around the spindle and
may be connected to the spindle, and the transformer stator may be arranged around the
spindle adjacent to the spindle. In this manner, the rotary transformer may be arranged at a
distance from the separator bowl. This may be advantageous e.g. if flammable fluids are
present in the separator bowl.

According to embodiments, the transformer rotor may be arranged on the separator bowl to
rotate with the separator bowl, and the transformer stator may be arranged adjacent to the
separator bowl. In this manner, short electrical conductors may be provided between the
transformer rotor and a recipient of electric energy from the rotary transformer in the

separator bowl. The user of electric energy being such a recipient of electric energy.
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According to embodiments, the drive arrangement may comprise an electric motor
comprising a motor rotor and a motor stator, wherein the motor rotor may form part of the
spindle such that the spindle forms part of the drive arrangement, and wherein the
transformer rotor may be arranged in a portion of the motor rotor. In this manner, a compact

drive arrangement and rotary transformer may be provided.

According to one alternative, the centrifugal separator comprises an actuator arranged in the
rotor arrangement, the actuator forming at least part of the user of electric energy. In this
manner, the actuator is supplied with electric energy from the rotary transformer. Since the
rotary transformer may continuously provide an electric current, the actuator may be
continuously supplied with electric energy. Thus, the actuator may operate continuously as
the rotor arrangement rotates, as well as when the rotor arrangement is not rotating, i.e.
when it is stationary. Accordingly, from within the rotor arrangement, the actuator may control
aspects, characteristics, performance, etc. of the centrifugal separator, and/or of the
separation performed by the centrifugal separator.

According to embodiments, the centrifugal separator may comprise a valve arranged in the
rotor arrangement, wherein the actuator is configured for actuating a movable mechanism of
the valve. In this manner, e.g. a flow of a fluid may be controlled by the valve from inside the

rotor arrangement.

According to one alternative, the centrifugal separator comprises a sensor arranged in the
rotor arrangement, the sensor forming at least part of the user of electric energy. In this
manner, the sensor is supplied with electric energy from the rotary transformer. Since the
rotary transformer may continuously provide an electric current, the sensor may be
continuously supplied with electric energy. Thus, the sensor may operate continuously as the
rotor arrangement rotates, as well as when the rotor arrangement is not rotating, i.e. when it
is stationary. Accordingly, from within the rotor arrangement, the sensor may sense
parameters, aspects, characteristics, performance, etc. of the centrifugal separator, and/or of
the separation performed by the centrifugal separator.

According to one alternative, the centrifugal separator comprises a control unit arranged in
the rotor arrangement, the control unit forming at least part of the user of electric energy. In
this manner, the control unit is supplied with electric energy from the rotary transformer.
Since the rotary transformer may continuously supply an electric current, the control unit may

be continuously supplied with electric energy. Thus, the control unit may operate
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continuously as the rotor arrangement rotates, as well as when the rotor arrangement is not
rotating, i.e. when it is stationary. Accordingly, from within the rotor arrangement, the control
unit may control and/or monitor parameters, aspects, characteristics, performance, etc. of the
centrifugal separator, and/or of the separation performed by the centrifugal separator. The
control unit may be configured to communicate with equipment outside the rotor

arrangement.

According to embodiments, the centrifugal separator may be configured to transmit a signal
from the transformer stator to the control unit via the transformer rotor. In this manner, the
rotary transformer may be utilised for communication with the control unit arranged in the
rotor arrangement. Similarly, the control unit may be configured for transmitting a signal from
the control unit via the rotary transformer. Thus, the control unit may communicate with

equipment outside the rotor arrangement.

According to a further aspect of the invention, the above-mentioned object is achieved by a
method of operating a centrifugal separator. The centrifugal separator comprises a rotor
arrangement and a drive arrangement. The rotor arrangement comprises a spindle, a
separator bowl enclosing a separation space, and a user of electric energy. The drive
arrangement is connected to, or forms part of, the spindle and is configured to rotate the
rotor arrangement about a rotation axis X. The centrifugal separator comprises a rotary
transformer. The rotary transformer comprises a transformer stator and a transformer rotor,
wherein the transformer stator and the transformer rotor are arranged adjacent to each other
with an airgap therebetween, and wherein the transformer rotor comprises a secondary coil
and is rotatable together with the rotor arrangement, and wherein the secondary coil is
electrically connected to the user of electric energy. The centrifugal separator comprises an
actuator arranged in the rotor arrangement, the actuator forming at least part of the user of
electric energy, and/or the centrifugal separator comprises a sensor arranged in the rotor
arrangement, the sensor forming at least part of the user of electric energy, and/or the
centrifugal separator comprises a control unit arranged in the rotor arrangement, the control
unit forming at least part of the user of electric energy. The method comprises steps of:

- continuously supplying an alternating electric current or pulsed DC electric current to the
transformer stator,

- continuously receiving an alternating electric current in the transformer rotor, and

- supplying an electric current to the user of electric energy arranged in the rotor
arrangement utilising the alternating current received during the step of continuously

receiving an alternating electric current.
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Since the method comprises steps of continuously supplying and receiving an alternating
electric current, and supplying an electric current to the user of electric energy arranged in
the rotor arrangement, the user of electric energy in the rotor arrangement is able to operate
inside the rotor arrangement. Thus, stable operating conditions are provided for the user of
electric energy. As a result, the above-mentioned object is achieved.

An advantage of supplying the electric current to the user of electric energy via the rotary
transformer may be that the electric current may be supplied both when the rotor

arrangement is stationary as well as when the rotor arrangement is rotating.

According to embodiments, the method may comprise a step of:

- rotating the rotor arrangement about the rotation axis with the drive arrangement, and
wherein the step of continuously supplying an alternating electric current to the transformer
stator is performed during the step of rotating the rotor arrangement.

The centrifugal separator used in the method may be a centrifugal separator according to
any one of aspects and/or embodiments discussed herein.

The features of, and advantages with, the invention discussed in the following detailed
description relate to one or more aspects and/or embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Various aspects and/or embodiments of the invention, including its particular features and
advantages, will be readily understood from the example embodiments discussed in the
following detailed description and the accompanying drawings, in which:

Fig. 1 schematically illustrates a cross section through a centrifugal separator according to
embodiments,

Figs. 2 and 3 illustrate two embodiments of a rotary transformer of a centrifugal separator,
Fig. 4 schematically illustrates a side view of a rotor arrangement of a centrifugal separator
according to embodiments,

Fig. 5 schematically illustrates a cross section through a drive arrangement of a centrifugal
separator according to embodiments,

Fig. 6a — 6¢ schematically illustrate cross sections through centrifugal separators according
to embodiments, and

Fig. 7 illustrates a method of operating a centrifugal separator.
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DETAILED DESCRIPTION
Aspects and/or embodiments of the invention will now be described more fully. Like numbers
refer to like elements throughout. Well-known functions or constructions will not necessarily

be described in detail for brevity and/or clarity.

Fig. 1 schematically illustrates a cross section through a centrifugal separator 1 according to
embodiments. The centrifugal separator 1 comprises a rotor arrangement 2 and a drive
arrangement 5. The rotor arrangement 2 comprises a separator bowl 11 and a spindle 4. The
spindle 4 is supported in a housing 3 of the centrifugal separator 1, e.g. via at least two
bearings. The housing 3 may comprise more than one individual part and thus, may be
assemble from several parts. The drive arrangement 5 is configured to rotate the rotor
arrangement 2 about a rotation axis (X).

In these embodiments, the drive arrangement 5 forms part of the spindle 4. That is, the rotor
arrangement 2 is directly driven by the drive arrangement 5. The drive arrangement 5
comprises an electric motor and a rotor of the electric motor forms part of the spindle 4. In
alternative embodiments, the drive arrangement may instead be connected to the spindle.
Such alternative embodiments may comprise an electric motor connected e.g. via cog
wheels, or a belt drive, to the spindle.

Inside the separator bowl 11 there is formed a separation space 6 in which centrifugal
separation of a fluid mixture takes place. In the separation space 6 there is arranged a stack
of frustoconical separation discs 7. The separation discs 7 provide for an efficient separation
of the fluid mixture into at least a light fluid phase and a heavy fluid phase. The stack of

frustoconical separation discs 7 is fitted centrally and coaxially with the rotation axis (X).

The centrifugal separator 1 may be configured for separating the fluid mixture into at least a
lower density component, the light fluid phase, and a higher density component, the heavy

fluid phase. The fluid mixture may comprise e.g. a liquid and a gas, or two liquids. The fluid
mixture may comprise solid matter, which may be separated in the form of sludge from the

fluid mixture in the centrifugal separator 1. The sludge may form the heavy fluid phase, or a
phase separate from the light and heavy fluid phases.

In the illustrated embodiments, the fluid mixture to be separated is fed from the top of the
centrifugal separator 1 via an inlet pipe 8 centrally down into the separator bowl 11. The
separator bowl 11 has extending from it a light fluid phase outlet 9 for the lower density
component separated from the fluid mixture extending through the housing 3 at the top of the
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centrifugal separator 1. Also, the separator bowl 11 has extending from it a heavy fluid phase
outlet 10 for the higher density component separated from the fluid mixture extending
through the housing 3 at the top of the centrifugal separator 1. The separator may comprise
further outlets, e.g. for further phases having other densities than the densities of the light
and heavy fluid phases withdrawn via outlets 9, 10. For instance sludge may be ejected from
the separator bowl 11 via nozzles arranged at an outer periphery of the separator bowl 11.

The present invention is not limited to any particular type of fluid mixture or separated fluid
phases. Neither is the present invention limited to any particular inlet arrangement for the
fluid mixture, nor to any particular outlet arrangements for the separated fluid phases.

The rotor arrangement 2 comprises a user of electric energy 12. The centrifugal separator 1
comprises a rotary transformer 14 for supplying electric energy to the user of electric energy
12. The rotary transformer 14 is configured for continuously supplying an electric current to
the rotor arrangement 2. An electric current from the rotary transformer 14 may be direcitly, or
indirectly, supplied to the user of electric energy 12 arranged in the rotor arrangement 2. The
rotary transformer 14 is fed with an electric current via a first electric circuit 13. The first
electric circuit 13 may at least comprise conductors leading to the rotary transformer 14. The
electric current may be supplied from the rotary transformer 14 to the user of electric energy
12 via a second electric circuit 15. The second electric circuit 15 may at least comprise
conductors leading from the rotary transformer 14 to the user of electric energy 12.

The continuously supplied electric current to the rotor arrangement 14 may be a continuous
AC current, or a continuously pulsed DC current. The continuous AC current or the contin-
uously pulsed DC current may be rectified in a rectifier arrangement (not shown) before
being utilised as electric energy by the user of electric energy 12. The rectifier may form part
of the user of electric energy 12. The electric current supplied to the rotor arrangement 2 and
the electric energy supplied to the user of electric energy 12 may be supplied when the rotor

arrangement 14 is standing still as well as when the rotor arrangement 2 is rotating.

Figs. 2 and 3 illustrate cross sections through two embodiments of a rotary transformer 14 of
a centrifugal separator, e.g. such as the centrifugal separator 1 of Fig. 1.

The rotary transformers 14 according to both embodiments comprise a transformer stator 20
and a transformer rotor 22. The transformer stator 20 is configured to be arranged in the
centrifugal separator, fixed in relation to a housing of centrifugal separator. The transformer
rotor 22 is configured to be connected to a rotor arrangement of the centrifugal separator,



10

15

20

25

30

35

WO 2019/166276 PCT/EP2019/054065
9

and thus, configured to rotate together with the rotor arrangement around the rotation axis X
of the rotor arrangement. The transformer stator 20 and the transformer rotor 22 extend
around the rotation axis X.

The transformer stator 20 and the transformer rotor 22 are arranged adjacent to each other
with an airgap therebetween. In the embodiments of Fig. 2, the transformer stator 20 is
arranged radially outside the transformer rotor 22, seen from the rotation axis X. Thus, in the
embodiments of Fig. 2, the airgap extends in parallel with the rotation axis X, forming an
imaginary cylinder between the transformer stator and rotor 20, 22. In the embodiments of
Fig. 3, the transformer stator 20 is arranged axially adjacent to the transformer rotor 22, seen
along the rotation axis X. Thus, in the embodiments of Fig. 3, the airgap extends
perpendicularly to the rotation axis X, forming an imaginary disc between the transformer
stator and rotor 20, 22.

The transformer stator 20 comprises a primary coil 23 wound around a primary core 25. The
transformer rotor 22 comprises a secondary coil 24 wound around a secondary core 27. The
primary coil 23 extends rotation-symmetrical about the rotation axis X. The primary coil 24
extends rotation-symmetrical about the rotation axis X. Suitably, each of the primary and
secondary cores 25, 27 may be made from a magnetically permeable material.

In use of the rotary transformer 14, an alternating electric current or pulsed electric current is
supplied for transfer from the transformer stator 20 to the transformer rotor 22. More
specifically, a schematically indicated electric circuitry 26 is configured to supply an
alternating current or pulsed DC current to the primary coil 23. Thus, magnetic flux is
generated by the primary coil 23 and transferred to the to the transformer rotor 22. The
magnetic flux generates an alternating current in the secondary coil 24. The magnetic
permeability of the primary and secondary cores 25, 27 ensures energy efficient transfer of
the magnetic flux from the transformer stator 20 to the transformer rotor 22.

The electric circuitry 26 is connected to the primary coil 23 via a first electric circuit 13. The
electric circuitry 26 may be arranged in the centrifugal separator, or alternatively, may be
arranged outside the centrifugal separator. The electric circuitry 26 may form part of a control
system of the centrifugal separator.

The secondary coil 24 is connected to a user of electric energy 12 via a second electric
circuit 15. The user of electric energy 12 is arranged in a rotor arrangement of the centrifugal
separator. The alternating current generated in the secondary coil 24 forms the basis for
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electric energy supplied to the user of electric energy 12. The user of electric energy 12 may
be provided with the alternating current. Alternatively, the user of electric energy 12 may be
provided with a rectified current. Accordingly, the second electric circuit 15 may comprise a
rectifier for rectifying the alternating current from the secondary coil 24.

Thus, an electric current may be supplied from the secondary coil 24 to the user of electric
energy 12 via the second electric circuit 15, which may comprise e.g. conductors and a

rectifier arrangement.

Each of the primary and secondary coils 23, 24 comprises a conductor forming a number of
coil windings. The conductor is electrically insulated such that individual coil windings are
isolated from each other, i.e. the coil windings are not short circuited. By adapting the
number of coil windings of each of the primary and secondary coils 23, 24 the voltage in the

secondary coil 24 may be transformed in a known manner.

Each of the primary and secondary cores 25, 27 may comprise a ferritic material. Thus, a
high magnetic permeability may be ensured in the primary and secondary cores 25, 27. The
cores 25, 27 may comprise a number of separate core layers stacked on top of each other.
Thus, the magnetic flux in the cores 25, 27 may be less disturbed than if each of the cores
25, 27 were made of a solid block of material.

The frequency of the alternating current may be that of the mains, e.g. 50 Hz or 60 Hz.
Alternatively, the frequency may be higher, such as in the order of hundreds of Hz or
thousands of Hz. Mentioned purely as an example the frequency may be 70 kHz.

Fig. 4 schematically illustrates a side view of a rotor arrangement 2 of a centrifugal separator
according to embodiments. The centrifugal separator may be a centrifugal separator 1 as
discussed above in connection with Fig. 1.

In these embodiments, a rotary transformer 14 is arranged at the separator bowl 11. Again,
the electric current transferred via the rotary transformer 14 is utilised for supplying electric

current to a user of electric energy arranged in the rotor arrangement 2.

Again, the rotary transformer 14 comprises a transformer stator 20 and a transformer rotor
22, according to any one of the embodiments as discussed above with reference to of Figs.
2 and 3. In these embodiments, the transformer rotor 22 is arranged on the separator bowl
11 to rotate with the separator bowl 11. The transformer stator 20 is arranged adjacent to the
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separator bowl 11 and fixed in relation to a housing (not shown) of the centrifugal separator.
The rotary transformer 14 shown in Fig. 4 resembles the rotary transformer of Fig. 3, but the
rotary transformer may alternatively be of the kind shown in Fig. 2. Accordingly, the
discussion above related to the embodiments of Figs. 2 and 3 also relates to these
embodiments disclosed in Fig. 4.

Fig. 5 schematically illustrates a cross section through a drive arrangement 5 of a centrifugal
separator 1 according to embodiments. The centrifugal separator 1 may be a centrifugal
separator 1 as discussed above in connection with Fig. 1.

In these embodiments, a rotary transformer 14 is arranged in connection with a drive
arrangement 5 of the centrifugal separator 1. Again, the electric current transferred via the
rotary transformer 14 is utilised for supplying electric current to a user of electric energy
arranged in the rotor arrangement 2.

The drive arrangement 5 is arranged in a housing 3 of the centrifugal separator 1. The drive
arrangement 5 is configured to drive a spindle 4 of the rotor arrangement 2.

Again, the rotary transformer 14 comprises a transformer stator 20 and a transformer rotor
22. The drive arrangement 5 comprises an electric motor 30 comprising a rotor 32 and a
stator 34. The rotor 32 forms part of the spindle 4 such that the spindle 4 forms part of the
drive arrangement 5. The transformer rotor 22 is arranged in a portion of the rotor 32 of the
electric motor 30. The transformer stator 20 is arranged in a portion of the stator 34 of the
electric motor 30.

Moreover, these embodiments also form an example of embodiments, wherein the
transformer rotor 22 is arranged around the spindle 4 and is connected to the spindle 4, and
the transformer stator 20 is arranged around the spindle 4 adjacent to the spindle 4. The
transformer stator 20 is fixed in relation to the housing 3 and thus, is stationary in relation to
the spindle 4.

The rotary transformer 14 shown in Fig. 5 resembles the rotary transformer of Fig. 2, but the
rotary transformer may alternatively be of the kind shown in Fig. 3. Accordingly, the
discussion above related to the embodiments of Figs. 2 and 3 also relates to these
embodiments disclosed in Fig. 5.



10

15

20

25

30

35

WO 2019/166276 PCT/EP2019/054065
12

An electric current may be continuously transferred from the transformer stator to the
transformer rotor in the different embodiments of rotary transformers 14 and their
arrangement in centrifugal separators 1 discussed above with reference to Figs. 1-5. The
electric current may be continuously transferred while the rotor arrangement 2 of the relevant
centrifugal separator 1 rotates. Moreover, electric current may be continuously transferred

while the rotor arrangement 2 of the relevant centrifugal separator 1 is stationary.

An alternating current, or AC current, is a current that which periodically reverses direction,
and thus, changes polarity at a certain frequency. A pulsed DC current is a current that
periodically flows in one direction only, and thus, varies between 0 and a voltage of one
polarity at a certain frequency. Stable operating conditions are provided for the user of
electric energy in the rotor arrangement 2 of the centrifugal separator 1 due to the rotary
transformer 14 and a continuous AC electric current or pulsed DC electric current supplied to
the rotary transformer 14.

According to some embodiments, the rotary transformer 14, may provide a power of at least
1.2 W to the user of electric energy 12. The power of at least 1.2 W may be provided at a
voltage of e.g. 24 Vrus, and a current of 50 mAgus. In such embodiment, the power may be
sufficient for supplying electric energy to a user of electric energy 12, comprising e.g. a

sensor, and/or a control unit.

According to some embodiments, the rotary transformer 14 may provide a power of at least
6 W to the user of electric energy 12. The power of at least 6 W may be provided at a voltage
of e.g. 24 Vrus, and a current of 250 mA gys. In such embodiment, the power may be
sufficient for supplying electric energy to a user of electric energy 12, comprising one or more
of e.g. a DC motor, an actuator, a capacitor for storing electric energy, a sensor, and/or a

control unit.

According to some embodiments, the rotary transformer 14 may provide a power within a
range of 1 — 5 W, which may be provided at a voltage of e.g. 12 Vrus Or 24 Vgus.

According to some embodiments, the rotary transformer 14 may provide a power within a
range of 4 — 10 W, which may be provided at a voltage of e.g. 12 Vrus or 24 Vgws.

According to some embodiments, the rotary transformer 14 may provide a power within a
range of 1 — 10 W, which may be provided at a voltage of e.g. 12 Vrus Or 24 Vgus.
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According to some embodiments, the rotary transformer 14 may provide much higher power.
For instance, the rotary transformer 14 may provide at least 50 W, or at least 100 W, or at
least 500 W. The power may be provided at a voltage of e.g. 12 Vrus, 24 Vgwms, OF 48 Vigus. In
such embodiment, the power may be sufficient for supplying electric energy to a user of
electric energy 12, comprising one or more large electric energy consumers, such as e.g. a

DC motor, or an actuator.

The rotary transformer 14 is arranged for providing electric energy to a user of electric
energy 12 in the rotor arrangement 2 of a centrifugal separator 1. Thus, possibilities are
opened up, inter alia for:

- measuring parameters of the centrifugal separator or the separation process inside the
rotor arrangement,

- communicating data form the rotor arrangement to a system outside the rotor arrangement,
- communicating from outside the rotor arrangement with e.g. a control system inside the
rotor arrangement,

- etc.

Fig. 6a schematically illustrates a cross section through a centrifugal separator 1 according
to embodiments. The centrifugal separator 1 comprises a rotor arrangement 2, a drive
arrangement 5, and a rotary transformer 14. Again, a user of electric energy 12 is arranged

in the rotor arrangement 2.

In these embodiments, the centrifugal separator 1 comprises an actuator 40 arranged in the
rotor arrangement 2. The actuator 40 forms at least part of the user of electric energy 12.
The actuator 40 is supplied with electric energy from the rotary transformer 14. The user of
electric energy 12 may comprise further components or devices in addition to the actuator
40.

According to some embodiments, the centrifugal separator 1 may comprise a valve 42
arranged in the rotor arrangement 2. The actuator 40 may be configured for actuating a
movable mechanism of the valve 42. In this manner, the valve 42 may be controlled by the
actuator 40, i.e. electric energy provided by the rotary transformer 14 may be utilised for

controlling a valve arranged in the rotor arrangement 2.

Fig. 6a also illustrates embodiments of the rotary transformer 14, wherein the transformer
rotor 22 is arranged around the spindle 4 and is connected to the spindle 4, and the trans-
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former stator 20 is arranged around the spindle 4 adjacent to the spindle 4. The transformer
stator 20 is fixed in relation to the housing 3 and thus, stationary in relation to the spindle 4.

The above discussed aspect of the user of electric energy 12 comprising an actuator 40 and
a valve 42 is not linked to the disclosed embodiment of the rotary transformer 14.

Fig. 6b schematically illustrates a cross section through a centrifugal separator 1 according
to embodiments. The centrifugal separator 1 comprises a rotor arrangement 2, a drive
arrangement 5, and a rotary transformer 14 according to any one of the previously discussed
embodiments. Again, a user of electric energy 12 is arranged in the rotor arrangement 2.

In these embodiments, the centrifugal separator 1 comprises a sensor 44 arranged in the
rotor arrangement 2. The sensor 44 forms at least part of the user of electric energy 12. That
is, the user of electric energy 12 may comprise further components or devices in addition to
the sensor 44. The sensor 44 is supplied with electric energy from the rotary transformer 14.

Fig. 6¢ schematically illustrates a cross section through a centrifugal separator 1 according
to embodiments. The centrifugal separator 1 comprises a rotor arrangement 2, a drive
arrangement 5, and a rotary transformer 14 according to any one of the previously discussed
embodiments. Again, a user of electric energy 12 is arranged in the rotor arrangement 2.

In these embodiments, the centrifugal separator 1 comprise a control unit 46 arranged in the
rotor arrangement 2. The control unit 46 forms at least part of the user of electric energy 12.
That is, the user of electric energy 12 may comprise further components or devices in
addition to the control unit 46. The control unit 46 is supplied with electric energy from the
rotary transformer 14.

With reference to Figs. 6a — 6¢, in the rotor arrangement 2 of a centrifugal separator 1, a
user of electric energy 12 may comprise one or more of each of the actuator 40, the valve
42, the sensor 44, and the control unit 46, and/or various combinations of one or more of the
actuator 40, the valve 42, the sensor 44, and the control unit 46.

In addition thereto, the user of electric energy 12 may comprise a communication unit 48, as
exemplified in Fig. 6¢. The communication unit 48 may for instance comprise Bluetooth
communication device for wireless communication. An alternative communication unit 48
may communicate via the secondary coil 24 of the rotary transformer 14, see Figs. 2 and 3.
A high frequency communication signal may be transmitted and/or received via the
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secondary coil 24. The high frequency communication signal is overlaid over the continuous
AC current generated in the secondary coil 24. Similarly, the primary coil 23 may be utilised
for transmitting and/or receiving a high frequency communication signal to and/or from the
communication unit 48, via the secondary coil 24. Accordingly, the centrifugal separator 1 is
configured to transmit a signal from the transformer stator 20 to the control unit 46 via the

transformer rotor 22.

Via the communication unit 48, e.g. data, control instructions, etc. may be sent to/from the

rotor arrangement 2.

The different components of a user of electric energy 12 in a rotor arrangement 2 may be
connected with each other for communicating data, control instructions, etc. therebetween. In
order to reduce centrifugal forces on components of the user of electric energy 12, one or
more of the components may be arranged close to the rotation axis of the rotor arrangement
2. The different components of a user of electric energy 12 are supplied, directly or indirectly,
with electrical energy from the rotary transformer 14.

A few examples of users of electric energy 12, and their function:

- The sensor 44 may provide measurement data to the control unit 46 for operation of the
centrifugal separator.

- The control unit 46 may be connected to the actuator 40 for providing a control signal to the
actuator 40.

- The communication unit 48 may send measurement data from the sensor 44 to an external
recipient of the data.

-The communication unit 48 may receive control instructions for the centrifugal separator

from an external sender, and send control instructions to the control unit 46.

Fig. 7 illustrates a method 100 of operating a centrifugal separator. The centrifugal separator
may be a centrifugal separator 1 as discussed in connection with Figs. 1 - 6¢. The
centrifugal separator 1 comprises a rotary transformer 14 for transferring an electric current
to a user of electric energy arranged in a rotor arrangement of the centrifugal separator. The
rotary transformer may be a rotary transformer 14 as discussed in connection with

Figs. 1 — 6¢. Accordingly, the centrifugal separator 1 comprises the rotor arrangement 2, a
drive arrangement 5, and the user of electric energy 12. The rotor arrangement 2 has a
rotation axis (X) and comprises a spindle 4 and a separator bow! 12. The drive arrangement
5 is connected to, or forms part of, the spindle 4 and is configured to rotate the rotor
arrangement 2 about the rotation axis X.
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The method 100 comprises steps of:

- continuously supplying 102 an alternating electric current or pulsed DC electric current to
the transformer stator 20,

- continuously receiving 104 an alternating electric current in the transformer rotor 22, and
- supplying an electric current 106 to the user of electric energy 12 arranged in the rotor
arrangement 2 utilising the alternating current received during the step of continuously

receiving 104 an alternating electric current.

According to some embodiments, the method 100 may comprise a step of:

- rotating 108 the rotor arrangement 2 about the rotation axis (X) with the drive arrangement
5, wherein the step of continuously supplying 102 an alternating electric current to the
transformer stator 20 is performed during the step of rotating 108 the rotor arrangement 2.

It is to be understood that the foregoing is illustrative of various example embodiments and
that the invention is defined only by the appended claims. A person skilled in the art will
realize that the example embodiments may be modified, and that different features of the
example embodiments may be combined to create embodiments other than those described
herein, without departing from the scope of the invention, as defined by the appended claims.
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CLAIMS

1. A centrifugal separator (1) comprising a rotor arrangement (2) and a drive arrangement
(5), wherein

the rotor arrangement (2) comprises a spindle (4), a separator bowl (11)
enclosing a separation space, and a user of electric energy (12), wherein

the centrifugal separator (1) comprises an inlet (8) for a fluid mixture, and an
outlet (10) for a separated fluid, wherein

the inlet (8) is fluidly connected with the separation space, and the outlet is
fluidly connected with the separation space, and wherein

the drive arrangement (5) is connected to, or forms part of, the spindle (4) and
is configured to rotate the rotor arrangement (2) about a rotation axis (X),

characterised in that

the centrifugal separator (1) comprises a rotary transformer (14), the rotary
transformer (14) comprising a transformer stator (20) and a transformer rotor (22), wherein

the transformer stator (20) and the transformer rotor (22) are arranged adjacent
to each other with an airgap therebetween, wherein

the transformer rotor (22) comprises a secondary coil (24) and is rotatable
together with the rotor arrangement (2), wherein the secondary coil (24) is electrically
connected to the user of electric energy (12) arranged in the rotor arrangement (2) for
providing the user of electric energy (12) with an electric current, and wherein

the centrifugal separator (1) comprises an actuator (40) arranged in the rotor
arrangement (2), the actuator (40) forming at least part of the user of electric energy (12),
and/or

the centrifugal separator (1) comprises a sensor (44) arranged in the rotor
arrangement (2), the sensor (44) forming at least part of the user of electric energy (12),
and/or

the centrifugal separator (1) comprises a control unit (46) arranged in the rotor
arrangement (2), the control unit (46) forming at least part of the user of electric energy (12).

2. The centrifugal separator (1) according to claim 1, wherein the transformer stator (20) is
arranged radially outside the transformer rotor (22), seen from the rotation axis (X).

3. The centrifugal separator (1) according to claim 1, wherein the transformer stator (20) is
arranged axially adjacent to the transformer rotor (22), seen along the rotation axis (X).
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4. The centrifugal separator (1) according to any one of the preceding claims, wherein the
transformer rotor (22) is arranged around the spindle (4) and is connected to the spindle (4),
and wherein the transformer stator (20) is arranged around the spindle (4) adjacent to the
spindle (4).

5. The centrifugal separator (1) according to any one of claims 1 - 3, wherein the transformer
rotor (22) is arranged on the separator bowl (11) to rotate with the separator bowl (11), and
wherein the transformer stator (20) is arranged adjacent to the separator bowl (11).

6. The centrifugal separator (1) according to any one of claims 1 — 3, wherein the drive
arrangement (5) comprises an electric motor (30) comprising a motor rotor (32) and a motor
stator (34), wherein the motor rotor (32) forms part of the spindle (4) such that the spindle (4)
forms part of the drive arrangement (5), and wherein the transformer rotor (22) is arranged in
a portion of the motor rotor (32).

7. The centrifugal separator (1) according to any one of the preceding claims, comprising an
actuator (40) arranged in the rotor arrangement (2), the actuator (40) forming at least part of
the user of electric energy (12), and comprising a valve (42) arranged in the rotor
arrangement (2), wherein the actuator (40) is configured for actuating a movable mechanism
of the valve (42).

8. The centrifugal separator (1) according to any one of the preceding claims, comprising a
control unit (46) arranged in the rotor arrangement (2), the control unit (46) forming at least
part of the user of electric energy (12), wherein the centrifugal separator (1) is configured to
transmit a signal from the transformer stator (20) to the control unit (46) via the transformer
rotor (22).

9. The centrifugal separator (1) according to any one of the preceding claims, wherein the
rotary transformer (14) is configured to provide a power within a range of 1 — 10 W to the

user of of electric energy (12), or to provide a power of at least 6 W to the user of electric

energy (12).

10. The centrifugal separator (1) according to any one of the preceding claims, wherein the
rotary transformer (14) is configured to provide a power of at least 50 W to the user of electric
energy (12).
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11. A method (100) of operating a centrifugal separator (1), the centrifugal separator (1)
comprising a rotor arrangement (2) and a drive arrangement (5), wherein the rotor
arrangement (2) comprises a spindle (4), a separator bowl! (11) enclosing a separation
space, and a user of electric energy (12), wherein the drive arrangement (5) is connected to,
or forms part of, the spindle (4) and is configured to rotate the rotor arrangement (2) about a
rotation axis (X), wherein the centrifugal separator (1) comprises a rotary transformer (14),
the rotary transformer (14) comprising a transformer stator (20) and a transformer rotor (22),
wherein the transformer stator (20) and the transformer rotor (22) are arranged adjacent to
each other with an airgap therebetween, wherein the transformer rotor (22) comprises a
secondary coil (24) and is rotatable together with the rotor arrangement (2), wherein the
secondary coil (24) is electrically connected to the user of electric energy (12), wherein the
centrifugal separator (1) comprises an actuator (40) arranged in the rotor arrangement (2),
the actuator (40) forming at least part of the user of electric energy (12), and/or the
centrifugal separator (1) comprises a sensor (44) arranged in the rotor arrangement (2), the
sensor (44) forming at least part of the user of electric energy (12), and/or the centrifugal
separator (1) comprises a control unit (46) arranged in the rotor arrangement (2), the control
unit (46) forming at least part of the user of electric energy (12), and wherein the method
(100) comprises steps of:

- continuously supplying (102) an alternating electric current or pulsed DC electric
current to the transformer stator (20),

- continuously receiving (104) an alternating electric current in the transformer rotor (22),
and

- supplying an electric current (106) to the user of electric energy (12) arranged in the
rotor arrangement (2) utilising the alternating current received during the step of continuously
receiving (104) an alternating electric current.

12. The method (100) according to claim 11, comprising a step of:

- rotating (108) the rotor arrangement (2) about the rotation axis (X) with the drive
arrangement (5), and wherein the step of continuously supplying (102) an alternating electric
current to the transformer stator (20) is performed during the step of rotating (108) the rotor
arrangement (2).
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