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Sahkokone kasittaa staattorin (101) ja roottorin (104). Staattori -
kasittaa runkorakenteen (102) ja sahkomagneettisesti aktiivisen
osan (103) runkorakenteen sisalla. Roottori kasittaa akselin (105)
ja sahkémagneettisesti aktiivisen osan (106) momentin
tuottamiseksi yhteistoiminnassa staattorin sahkomagneettisesti
aktiivisen osan kanssa. Sahkokone kasittaa laakerit (107 - 109),
jotka ovat runkorakenteen sisalla ja jotka on jarjestetty tukemaan
roottori pyoritettavasti staattorin suhteen. Runkorakenteen
ulkopintaan on kiinnitetty magneettilaakerimoduuli (110) akselin
tukemiseksi siten, etta runkorakenne ja magneettilaakerimoduuli
ovat aksiaalisesti perakkain. Magneettilaakerimoduuli on
vaihdettava komponentti, joka on ainetta rikkomattomasti
Irrotettavissa runkorakenteesta. Sahkékone voidaan nain ollen
mukauttaa erilaisiin mekaanisiin kuormiin valitsemalla sopiva
magneettilaakerimoduuli.
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An electric machine comprises a stator (101) and a rotor (104).
The stator comprises a frame structure (102) and an
electromagnetically active part (103) inside the frame structure.
The rotor comprises a shaft (105) and an electromagnetically
active part (106) for producing torque in co-operation with the
electromagnetically active part of the stator. The electric machine
comprises bearings (107-109) inside the frame structure and
arranged to support the rotor rotatably with respect to the stator. A
magnetic bearing module (110) for supporting the shaft is attached
to an outer surface of the frame structure so that the frame
structure and the magnetic bearing module are axially successive.
The magnetic bearing module Is a replaceable component which is . ,
non-destructively detachable from the frame structure. Thus, the ’ ’

electric machine can be adapted to different mechanical loads by S
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An electric machine system

Field of the disclosure

The disclosure relates generally to rotating electric machines. More particularly, the
disclosure relates to an electric machine system that can be adapted to different

mechanical loads. Furthermore, the disclosure relates to a product set for

Implementing an electric drive.
Background

In an electric drive where an electric machine 1s connected to a working machine,
the working machine may direct static and/or time varying axial and/or radial forces
to the shaft of the electric machine. The working machine can be for example a
compressor, a turbine, a pump, or some other mechanical device which Is run by an
electric motor or which runs an electric generator. The above-mentioned axial and/or
radial forces directed to the shaft of the electric machine are dependent on
properties of the working machine. Therefore, different working machines having a
same mechanical power may direct significantly different radial and/or axial forces
to the shaft of a connected electric machine. Thus, the bearings of an electric
machine need to be suitable for carrying different static and/or time varying radial
and/or axial forces In order that the electric machine would be compatible with

different working machines.

The above-mentioned requirement may be challenging in conjunction with electric
machines which comprise magnetic bearings. Especially in high-speed applications,
an electric machine having a sufficient power for different working machines iIs
typically not directly suitable for running each of these working machines because
there may be significant differences between these working machines regarding to
static and/or time varying axial and/or radial forces directed to the shaft of the electric
machine. Therefore, there 1s often a need for full integration of a working machine
and a high-speed electric machine provided with magnetic bearings. For example,
publication CN203962054 describes an integrated turbine set based on permanent

magnet and magnetic suspension technology. Such a full integration can be difficult,
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and a need for the full integration can be even a show stopper for wider application

of the magnetic bearing technology in the market.

Summary

The following presents a simpliflied summary In order to provide a basic
understanding of some aspects of various invention embodiments. The summary Is
not an extensive overview of the invention. It Is neither intended to i1dentify key or
critical elements of the invention nor to delineate the scope of the invention. The
following summary merely presents some concepts of the invention in a simplified
form as a prelude to a more detailed description of exemplifying embodiments of the

Invention.

In accordance with the invention, there Is provided a new electric machine system
that can act as a motor or as a generator. An electric machine system according to

the Invention comprises an electric machine that comprises:

- a stator comprising a frame structure and an electromagnetically active part

INside the frame structure,

- a rotor comprising a shaft and an electromagnetically active part for
producing torque In co-operation with the electromagnetically active part of

the stator, and

- bearings for supporting the rotor rotatably with respect to the stator, the

bearings being inside the frame structure.

The electric machine system further comprises a magnetic bearing module arranged
to support the shaft and attached to an outer surface of the frame structure so that
the frame structure and the magnetic bearing module are axially successive. The
magnetic bearing module Is a replaceable component which Is non-destructively
detachable from the frame structure. Thus, the electric machine can be adapted to
different working machines by selecting a suitable magnetic bearing module. The
above-mentioned bearings of the electric machine may comprise for example
magnetic bearings. It 1Is however also possible that a magnetic bearing module of

the kind mentioned above Is used for adapting an electric machine having bearings
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other than magnetic bearings, €.g. gas bearings, to be compatible with a working

machine.

In accordance with the invention, there Is provided also a new product set for

Implementing an electric drive. A product set according to the invention comprises

an electric machine that comprises:

a stator comprising a frame structure and an electromagnetically active part

INside the frame structure,

a rotor comprising a shaft and an electromagnetically active part for
producing torque In co-operation with the electromagnetically active part of

the stator, and

bearings for supporting the rotor rotatably with respect to the stator, the

bearings being inside the frame structure.

The product set further comprises:

a first magnetic bearing module for supporting the shaft and attachable to an
outer surface of the above-mentioned frame structure so that the frame
structure and the magnetic bearing module are axially successive and non-

destructively detachable from each other, and

at least one second magnetic bearing module for supporting the shaft and
attachable to a same place on the outer surface of the frame structure as the
first magnetic bearing module so that the frame structure and the second
magnetic bearing module are axially successive and non-destructively
detachable from each other, the second magnetic bearing module having
force-generating magnetic elements dimensioned differently than
corresponding force-generating magnetic elements of the first magnetic

bearing module.

Exemplifying and non-limiting embodiments of the Iinvention are described In

accompanied dependent claims.
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Various exemplifying and non-limiting embodiments of the invention both as to
constructions and to methods of operation, together with additional objects and
advantages thereof, will be best understood from the following description of specific

exemplifying and non-limiting embodiments when read In connection with the

accompanying drawings.

The verbs "to comprise” and "to Include” are used In this document as open
limitations that neither exclude nor require the existence of unrecited features. The

features recited In dependent claims are mutually freely combinable unless

otherwise explicitly stated. Furthermore, it Is to be understood that the use of "a” or

‘an’, I.e. a singular form, throughout this document does not exclude a plurality.
Brief description of the figures

Exemplifying and non-limiting embodiments of the invention and their advantages
are explained In greater detall below In the sense of examples and with reference

to the accompanying drawings, in which:

figure 1 illustrates an electric machine system according to an exemplifying and non-

limiting embodiment of the invention, and

figures 2a and 2b illustrate a product set according to an exemplifying and non-

limiting embodiment of the invention for mplementing an electric drive.
Description of exemplifying and non-limiting embodiments

The specific examples provided In the description below should not be construed as
imiting the scope and/or the applicability of the accompanied claims. Lists and
groups of examples provided In the description are not exhaustive unless otherwise

explicitly stated.

Figure 1 shows a schematic section view of an electric machine system according
to an exemplifying and non-limiting embodiment of the invention. The section plane
IS parallel with the yz-plane of a coordinate system 199. The electric machine system
comprises an electric machine 100 that comprises a stator 101 and a rotor 104. The

stator 101 comprises a frame structure 102 and an electromagnetically active part
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103 Inside the frame structure 102. The electromagnetically active part 103 may
comprise for example a ferromagnetic core structure and multiphase windings
Installed In slots of the ferromagnetic core structure. The rotor 104 comprises a shaft
105 and an electromagnetically active part 106 for producing torque in co-operation
with the electromagnetically active part 103 of the stator. The electromagnetically
active part 106 of the rotor 104 may comprise for example permanent magnets,
wound windings, a cage winding and/or other electrically conductive structures,
and/or ferromagnetic structures providing saliency. Thus, the electric machine 100
can be for example an electrically excited synchronous machine, a permanent
magnet machine, an Induction machine, or a reluctance machine. In the
exemplifying situation shown in figure 1, the shaft 105 of the electric machine 100 is
coupled to a working machine 124 with the aid of a coupling 123. The working
machine 124 can be for example a compressor, a turbine, a pump, or some other
mechanical device which 1s run by the electric machine 100 when the electric
machine acts as a motor or which runs the electric machine 100 when the electric

machine acts as a generator.

The electric machine 100 comprises bearings 107, 108, and 109 which are located
INside the frame structure 102 of the stator 101. The bearings 107-109 are arranged
to support the rotor 104 rotatably with respect to the stator 101. In this exemplifying
electric machine 100, the bearings 107 and 108 are radial magnetic bearings which
are |located, In the axial direction, on opposite sides of the electromagnetically active
part 106 of the rotor. The bearing 109 Is an axial magnetic bearing that comprises
a rotor-disc 120. The electric machine 100 further comprises position sensors 117
and 118 for producing position signals which are indicative of the position of the
rotor 104 with respect to a reference position in axial and radial directions. The axial
direction Is parallel with the z-axis of the coordinate system 199. It is also possible
that an electric machine of an electric machine system according to an exemplifying
and non-limiting embodiment comprises magnetic bearings different from those
llustrated In figure 1. The magnetic bearings may comprise for example conical
magnetic bearings. The electric machine 100 advantageously further comprises
touchdown bearings, e.g. ball or sliding bearings, for carrying the rotor in a case of

fallure of the magnetic bearings. The touchdown bearings are not shown in figure 1.
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Furthermore, 1t 1S also possible that an electric machine of an electric machine
system according to an exemplifying and non-limiting embodiment comprises some

other bearings than magnetic bearings, €.g. gas bearings.

The electric machine system further comprises a magnetic bearing module 110
which Is arranged to support the shaft 105 and attached to an outer surface of the
frame structure 102 of the electric machine 100 so that the frame structure and the
magnetic bearing module are axially successive. The magnetic bearing module 110
IS a replaceable component which 1s non-destructively detachable from the frame
structure 102. Thus, the electric machine 100 can be adapted to different working
machines by selecting a suitable magnetic bearing module. The magnetic bearing
module 110 may comprise one or more touchdown bearings, e.g. ball or sliding
bearings, for carrying the shaft in a case of failure of the magnetic bearings of the
magnetic bearing module 110. The touchdown bearings are not shown In figure 1.
In the exemplifying electric machine 100, the frame structure 102 comprises a
tubular part 111 surrounding the electromagnetically active part 103 of the stator
and an end-shield 112 attached to the tubular part and having an aperture for the
shaft 105. As Illustrated in figure 1, the magnetic bearing module 110 Is attached to
the end-shield 112.

In the exemplifying electric machine system lllustrated in figure 1, the magnetic
bearing module 110 comprises a radial magnetic bearing 113 and an axial magnetic
bearing 114 having a rotor-disc 115. Furthermore, the magnetic bearing module 110
comprises a position sensor 116 for generating a position signal indicative of a radial
position of the shaft with respect to a reference position fixed to the magnetic bearing
module and/or an axial position of the shaft with respect to a reference position fixed

to the magnetic bearing module.

An electric drive comprising the electric machine system shown In figure 1
comprises a controller system 130 for controlling the magnetic bearings 10/-109,
113, and 114 based on the position signals produced by the position sensors 116,
117, and 118. The magnetic bearings of the magnetic bearing module 110 and the
magnetic bearings of the electric machine 100 can be controlled according to a

multivariable control so that there are connections between the levitation control
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loops of the magnetic bearing module 110 and the levitation control loops the
electric machine 100. It 1s also possible that the magnetic bearing module 110 1s
controlled with its own levitation control loop which Is separate from the levitation
control loops of the electric machine 100. The magnetic bearings of the magnetic
bearing module 110 and the magnetic bearings of the electric machine 100 are
advantageously controlled in a coordinated way so as to avoid e.g. situations In
which the radial and/or axial magnetic bearings of the magnetic bearing module 110
act against radial and/or axial magnetic bearings of the electric machine 100. In
addition to bearing forces directed by the working machine 124 to the shaft 105, the
magnetic bearing module 110 can be used for damping harmful vibrations of the
shaft. The vibration damping can be done using a coordinated multivariable control
for all the magnetic bearings or using a separate control for the magnetic bearing
unit 110, If the control for the magnetic bearings 10/7-109 of the electric machine
100 should not be changed due the magnetic bearing unit 110. In figure 1, the
exemplifying case where the magnetic bearing unit 110 Is controlled separately from
the control of the magnetic bearings 10/-109 is illustrated with a first controller 130a
for controlling the magnetic bearing unit 110 and a second controller 130b for

controlling the magnetic bearings 107-109 of the electric machine 100.

The implementation of the controller system 130, 1.e. the controllers 130a and 130b,
can be based on one or more analogue circuits, one or more digital processing
circuits, or a combination thereof. Each digital processing circuit can be a
programmable processor circuit provided with appropriate software, a dedicated
hardware processor such as for example an application specific integrated circuit
"‘ASIC”, or a configurable hardware processor such as for example a field
programmable gate array “FPGA”. Furthermore, the controller system 130, 1.e. the
controllers 130a and 130b, may comprise one or more memory circuits each of

which can be for example a Random-Access Memory “RAM" circult.

Figure 2a Illustrates a product set according to an exemplifying and non-limiting
embodiment of the Invention for implementing an electric drive. The product set
comprises an electric machine 200 and magnetic bearing modules 210a, 210b, and
210c. Each of the magnetic bearing modules 210a-210c Is attachable to the electric

machine 200 so that the electric machine 200 and the magnetic bearing module are
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axially successive and non-destructively detachable from each other. In figure 2a,
the electric machine 200 and the magnetic bearing modules 210a-210c are
presented with schematic section views where a section plane i1s parallel with the
yz-plane of a coordinate system 299. The electric machine 200 comprises a stator
201 and a rotor 204. The stator 201 comprises a frame structure 202 and an
electromagnetically active part 203 inside the frame structure. The rotor 204
comprises a shaft 205 and an electromagnetically active part 206 for producing
torque In co-operation with the electromagnetically active part 203 of the stator. The
electric machine 200 comprises radial magnetic bearings 20/ and 208 and an axial
magnetic bearing 209 for supporting the rotor 204 rotatably with respect to the stator
201. The magnetic bearings 20/7-208 are located inside the frame structure 202. In
this exemplifying case, the above-mentioned frame structure 202 comprises a
tubular part 211 surrounding the electromagnetically active part 203 of the stator
and an end-shield 212 attached to the tubular part 211 and having an aperture for
the shaft 205. Each of the magnetic bearing modules 210a-210c 1s attachable to the
end-shield 212.

As lllustrated In figure 2a, the magnetic bearing modules 210a-210c have different
force-generating magnetic elements. Thus, the electric machine 200 can be adapted
to different requirements by selecting a suitable one of the magnetic bearing
modules 210a-210c. The magnetic bearing module 210a comprises a radial
magnetic bearing and a position sensor for producing a position signal indicative of
a radial position of the shaft 205 In the axial coverage area of the magnetic bearing
module 210a. The position sensor can be for example an inductive sensor.
Furthermore, the magnetic bearing module 210a comprises a rotor element 240 that
can be assembled around the shaft 205 for example with a thermal interference fit.
The rotor element 240 comprises advantageously a laminated portion constituted
by electrically insulated ferromagnetic sheets which are stacked In the axial
direction. Compared to solid steel, the laminated portion reduces eddy currents
which would cause power losses and disturb the operation of the radial magnetic
bearing as well as the operation of the Inductive position sensor. The magnetic
bearing module 210b comprises a conical magnetic bearing 219 and a position

sensor for producing a position signal indicative of the radial position of the shaft
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205 In the axial coverage area of the magnetic bearing module 210a and of the axial
position of the shaft 205. The magnetic bearing module 210b Is suitable for cases
IN which an external mechanical system directs a unidirectional axial force to the
shaft 205. The magnetic bearing module 210c comprises a radial magnetic bearing
which Is axially longer than that of the magnetic bearing module 210a. The magnetic
bearing module 210c does not comprise a position sensor, and It Is assumed that a
position signal produced by a position sensor of the electric machine 200 is utilized
IN the control of the magnetic bearing module 210c. It 1Is worth noting that the
magnetic bearing modules 210a-210c are mere examples and a product set
according to an exemplifying embodiment of the invention may comprise magnetic

bearing modules different from the magnetic bearing modules 210a-210c.

A magnetic bearing module of a product set according to an embodiment of the
iInvention may have a stator part that comprises at least two sectors that are
attachable to each other to surround a shaft. Thus, the stator part of the magnetic
bearing module can be Installed without a need for a free end of the shaft. In the
product set Illustrated In figure 2a, the magnetic bearing module 210c has a stator
part that comprises two sectors that are attachable to each other to surround the
shaft 205. Figure 2b shows the magnetic bearing module 210c when seen along the
positive z-direction of the coordinate system 299. In figure 2b, the sectors of the
magnetic bearing module 210c are denoted with references 221a and 221b. The
section plane relating to figure 2a 1s depicted with a dashed line A-A In figure 2b.
Naturally, also the magnetic bearing modules 210a and 201b may have a sectored

structure of the kind described above.

The specific examples provided In the description given above should not be
construed as limiting the scope and/or the applicability of the appended claims. Lists
and groups of examples provided In the description given above are not exhaustive

unless otherwise explicitly stated.
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What is claimed iIs.

1.  An electric machine system comprising an electric machine (100) that

comprises:

- a stator (101, 201) comprising a frame structure (102, 202) and an

electromagnetically active part (103, 203) inside the frame structure,

- arotor (104, 204) comprising a shaft (105, 205) and an electromagnetically
active part (100) for producing torque In co-operation with the

electromagnetically active part of the stator,

- bearings (107-109, 20/-209) for supporting the rotor rotatably with respect to

the stator, the bearings being inside the frame structure, and

- a magnetic bearing module (110, 210a-210c) arranged to support the shaft

and being a replaceable component,

characterized In that the magnetic bearing module (110, 210a-210c) Is attached to
an outer surface of the frame structure so that the frame structure and the magnetic

bearing module are axially successive, the magnetic bearing module being non-

destructively detachable from the frame structure.

2. An electric machine system according to claim 1, wherein the frame structure
comprises a tubular part (111, 211) surrounding the electromagnetically active part
of the stator and an end-shield (112, 212) attached to the tubular part and having
an aperture for the shaft, and the magnetic bearing module Is attached to the end-
shield.

3. An electric machine system according to claim 1 or 2, wherein the magnetic

bearing module comprises a radial magnetic bearing (113).

4.  An electric machine system according to any of claims 1-3, wherein the
magnetic bearing module comprises an axial magnetic bearing (114) having a rotor-
disc (115).
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S. An electric machine system according to claim 1 or 2, wherein the magnetic

bearing module comprises a conical magnetic bearing (219).

6. An electric machine system according to any of claims 1-5, wherein a stator
part of the magnetic bearing module comprises at least two sectors (221a, 221b)
attachable to each other to surround the shaft and enabling installation of the stator

part of the magnetic bearing module without a need for a free end of the shaft.

/. An electric machine system according to any of claims 1-6, wherein the
bearings (107-109, 207-209) Inside the frame structure comprise a first magnetic
bearing and a second magnetic bearing which are located, in an axial direction, on

opposite sides of the electromagnetically active part of the rotor.

8. An electric machine system according to any of claims 1-7, wherein the
magnetic bearing module comprises a position sensor (116) for generating a
position signal indicative of at least one of the following: a radial position of the shaft
with respect to a radial reference position fixed to the magnetic bearing module, an
axial position of the shaft with respect to an axial reference position fixed to the

magnetic bearing module.

9.  Anelectric machine system according to any of claims 1-8, wherein the electric
machine system comprises a first controller (130a) for controlling the magnetic
bearing unit (110) to damp vibrations of the shaft and a second controller (130b) for

controlling the magnetic bearings (107-109) of the electric machine (100).

10. A product set for implementing an electric drive, the product set comprising an

electric machine (200) that comprises:

- a stator (201) comprising a frame structure (202) and an electromagnetically

active part (203) inside the frame structure,

- arotor (204) comprising a shaft (205) and an electromagnetically active part
(2006) for producing torque In co-operation with the electromagnetically active

part of the stator,
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bearings (20/-209) for supporting the rotor rotatably with respect to the

stator, the bearings being inside the frame structure,
a first magnetic bearing module (210a) for supporting the shaft, and

at least one second magnetic bearing module (210b, 210c¢) for supporting the
shaft,

characterized In that:

11.

the first magnetic bearing module (210a) I1s attachable to an outer surface of
the frame structure so that the frame structure and the first magnetic bearing

module are axially successive and non-destructively detachable from each

other, and

the at least one second magnetic bearing module (210b, 210c) Is attachable
o a same place on the outer surface of the frame structure as the first
magnetic bearing module so that the frame structure and the second
magnetic bearing module are axially successive and non-destructively
detachable from each other, the second magnetic bearing module having
force-generating magnetic elements dimensioned differently than

corresponding force-generating magnetic elements of the first magnetic

bearing module.

A product set according to claim 10, wherein the frame structure comprises a

tubular part (211) surrounding the electromagnetically active part of the stator and

an end-shield (212) attached to the tubular part and having an aperture for the shaft,

and each of the first and second magnetic bearing modules Is attachable to the enad-

shield.

12. A product set according to claim 10 or 11, wherein at least one of the magnetic

pbearing modules (210a, 210c) comprises a radial magnetic bearing.

13. A product set according to any of claims 10-12, wherein at least one of the

magnetic bearing modules (110) comprises an axial magnetic bearing having a

rotor-disc.
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14. A product set according to claim 10 or 11, wherein the at least one of the

magnetic bearing modules (210b) comprises a conical magnetic bearing (219).

15. A product set according to any of claims 10-14, wherein a stator part of at least
one of the magnetic bearing modules (210c) comprises at least two sectors (2214,
221b) attachable to each other to surround the shaft and enabling installation of the

stator part of the magnetic bearing module without a need for a free end of the shatft.

16. A product set according to any of claims 10-15, wherein at least one of the
magnetic bearing modules (210a, 210b) comprises a position sensor for generating
a position signal indicative of at least one of the following: a radial position of the
shaft with respect to a radial reference position fixed to the magnetic bearing

module, an axial position of the shaft with respect to an axial reference position fixed

to the magnetic bearing module.
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Patenttivaatimukset:

1. Sahkokonejarjestelma, joka kasittda sahkékoneen (100), joka kasittaa:

- staattorin (101, 201), joka Kkasittaa runkorakenteen (102, 202) ja

sahkomagneettisesti aktiivisen osan (103, 203) runkorakenteen sisalla,

- roottorin (104, 204), joka kasittaa akselin (105, 205) ja sahkOmagneettisesti
aktiivisen osan (106) momentin tuottamiseksi yhteistoiminnassa staattorin

sahkomagneettisesti aktiivisen osan kanssa,

- laakerit (107 - 109, 207 - 209) roottorin tukemiseksi pyoéritettavasti staattorin

suhteen, |otka laakerit ovat runkorakenteen sisalla, ja

- magneettilaakerimoduulin (110, 210a - 210c), joka on jarjestetty tukemaan

akselia ja Joka on valhdettava komponentti,

tunnettu sita, etta mainittu magneettilaakerimoduuli (110, 210a - 210c) on

Kiinnitetty  runkorakenteen  ulkopintaan  siten, ettd runkorakenne |a

magneettilaakerimoduull ovat aksiaalisesti perakkain, 1a mainittu
magneettilaakerimoduul on alnetta rikkomattomasti rrotettavissa
runkorakenteesta.

2. Patenttivaatimuksen 1 mukainen sahkokonejarjestelma, jossa runkorakenne
kasittaa putkimaisen osan (111, 211), joka ymparoi staattorin sahkdmagneettisesti
aktiivista osaa, ja paatykilven (112, 212), joka on kiinnitetty putkimaiseen osaan ja
jossa on aukko akselila varten, ja magneettilaakerimoduuli on kiinnitetty

paatykilpeen.

3. Patenttivaatimuksen 1 tal 2 mukainen sahkokonejarjestelma, |ossa

magneettilaakerimoduull kasittaa radiaalisen magneettilaakerin (113).

4. Jonkin patenttivaatimuksista 1 - 3 mukainen sahkokonejarjestelma, jossa
magneettilaakerimoduull kasittaa roottorilevylla varustetun (115) aksiaalisen

magneettilaakerin (114).
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S. Patenttivaatmuksen 1 tal 2 mukainen sahkokonejarjestelma, |ossa

magneettilaakerimoduull kasittaa kartiomaisen magneettilaakerin (219).

6. Jonkin patenttivaatimuksista 1 - 5 mukainen sahkokonejarjestelma, jossa
magneettilaakerimoduulin staattoriosa kasittaa ainakin kaksi sektoria (221a, 221b),
jotka ovat Kiinnitettavissa toisiinsa akselin ympardimiseksi ja jotka mahdollistavat
magneettilaakerimoduulin staattoriosan asentamisen ilman, etta tarvitaan akselin

vapaata paata.

/. Jonkin patenttivaatimuksista 1 - 6 mukainen sahkokonejarjestelma, jossa
runkorakenteen sisalla olevat laakerit (107 - 109, 207 - 209) kasittavat ensimmaisen
magneettilaakerin ja toisen magneettilaakerin, jotka siaitsevat aksiaalisessa

suunnassa roottorin sahkomagneettisesti aktiivisen osan vastakkaisilla puolilla.

8. Jonkin patenttivaatimuksista 1 - 7 mukainen sahkokonejarjestelma, jossa
magneettilaakerimoduull kasittaa asentoanturin (116) ainakin ynhden seuraavista
osoittavan asentosignaalin  generoimiseksi: akselin radiaalinen asento
magneettilaakerimoduuliin kKiinnitettyyn radiaaliseen referenssiasentoon nahden,
akselin aksiaalinen asento magneettilaakerimoduuliin kiinnitettyyn aksiaaliseen

referenssiasentoon nahden.

9. Jonkin patenttivaatimuksista 1 - 8 mukainen sahkokonejarjestelma, joka
kasittaa ensimmaisen ohjaimen (130a) magneettilaakeriyksikon (110) ohjaamiseksi
vaimentamaan akselin varindita ja toisen ohjaimen (130b) sahkdkoneen (100)

magneettilaakereiden (107 - 109) ohjaamiseksi.

10. Tuotesetti sahkdkayton toteuttamiseksi, joka tuotesettl kasittaa sanhkokoneen
(200), joka kasittaa:

- staattorin (201), joka kasittaa runkorakenteen (202) ja sahkOmagneettisesti

aktiivisen osan (203) runkorakenteen sisalla,

- roottorin (204), joka kasittaa akselin (205) ja sahkdmagneettisesti aktiivisen
osan (206) momentin tuottamiseksi yhteistoiminnassa staattorin

sahkdmagneettisesti aktiivisen osan kanssa,
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- laakerit (207 - 209) roottorin tukemiseksi pyoritettavasti staattorin suhteen,

jotka laakerit ovat runkorakenteen sisalla,

- ensimmaisen magneettilaakerimoduulin (210a), joka on tarkoitettu tukemaan

akselia, ja

- alnakin yhden toisen magneettilaakerimoduulin (210b, 210c) joka on

tarkoitettu tukemaan akselia,
tunnettu siita, etta:

- mainittu ensimmainen magneettilaakerimoduuli (210a) on Kkiinnitettavissa
runkorakenteen ulkopintaan siten, ettd runkorakenne ja ensimmainen
magneettilaakerimoduuli ovat aksiaalisesti perakkain ja ainetta

rikkomattomasti irrotettavissa toisistaan, ja

- mainittu ainakin yksi toinen magneettilaakerimoduuli (210b, 210c) on
Kiinnitettavissa samaan palkkaan runkorakenteen ulkopinnalla Kkuin
ensimmainen magneettilaakerimoduuli siten, ettéa runkorakenne ja toinen
magneettilaakerimoduuli ovat aksiaalisesti perakkain ja ainetta
rikkomattomasti Irrotettavissa toisistaan, jossa toisessa
magneettilaakerimoduulissa on voimaa generoivia magneettielementteja,
jotka on mitoitettu er tavalla kuin ensimmaisen magneettilaakerimoduulin

vastaavat voimaa generoivat magneettielementit.

11. Patenttivaatimuksen 10 mukainen tuotesettl, jossa runkorakenne kasittaa

putkimaisen osan (211), joka ympardl staattorin sahkOmagneettisesti aktiivista
osaa, |a paatykilven (212), joka on kiinnitetty putkimaiseen osaan ja jossa on aukkoa
aksella varten, ja kukin ensimmaisesta ja toisesta magneettilaakerimoduulista on

Kiinnitettavissa paatykilpeen.

12. Patenttivaatimuksen 10 tal 11 mukainen tuotesettl, jossa ainakin yksi

magneettilaakerimoduuleista (210a, 210c) kasittaa radiaalisen magneettilaakerin.
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13. Jonkin patenttivaatimuksista 10 - 12 mukainen tuotesetti, jossa ainakin yksi
magneettilaakerimoduuleista (110) kasittaa roottorilevyllisen  aksiaalisen

magneettilaakerin.

14. Patenttivaatimuksen 10 tai 11 mukainen tuotesetti, jossa ainakin yksi

magneettilaakerimoduuleista (210b) kasittaa kartiomaisen magneettilaakerin (219).

15. Jonkin patenttivaatimuksista 10 - 14 mukainen tuotesetti, jossa ainakin yhden
magneettilaakerimoduuleista (210c) staattoriosa kasittaa ainakin kaksi sektoria
(221a, 221b), jotka ovat kiinnitettavissa toisiinsa akselin ymparoimiseksi ja jotka

mahdollistavat magneettilaakerimoduulin staattorin asentamisen ilman, etta

tarvitaan akselin vapaata paata.

16. Jonkin patenttivaatimuksista 10 - 15 mukainen tuotesetti, jossa ainakin yksi
magneettilaakerimoduuleista (210a, 210b) kasittaa asentoanturin ainakin yhden
seuraavista osoittavan asentosignaalin generoimiseksi: akselin radiaalinen asento
magneettilaakerimoduuliin kiinnitettyyn radiaaliseen referenssiasentoon nahden,
akselin aksiaalinen asento magneettilaakerimoduuliin kiinnitettyyn aksiaaliseen

referenssiasentoon nahden.
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