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(57) Abstract: The invention relates to a rotor axle of a high speed permanent magnet machine including a first part (1) and a
second, part (2), both manufactured from a magnetically non-conducting material. The parts include an inner end and an outer end,
and they can be axially interconnected one after the other by the inner ends to constitute an integral rotor axle. Their outer ends in-
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'ROTOR AXLE OF A HIGH SPEED PERMANENT MAGNET MACHINE

FIELD OF THE INVENTION

The invention relates to a rotor axle of a high speed
permanent magnet machine according to the preamble of

claim 1.

BACKGROUND OF THE INVENTION

The prior art in the field of the invention has been
disclosed in patent publications EP 0418304 B1, EP
0956634 Bl and US 2004/0051416 Al. Known from the pub-
lications are rotors of high speed machines provided
with permanent magnets which are efficient, but rela-
tively fragile, consisting of rare earth metals. Due
to the mechanical properties of the magnets, they are
enclosed within a magnetically non-conducting tube or
sleeve. The'maghet may be fastened centrally in the
sleeve with an interference fit, or it is also possi-
ble to manufacture the magnet directly inside the
sleeve from a powder. Then, axle end pieces are gener-
ally fastened with an interference fit at both ends of

‘the sleeve and welded together with the sleeve for

greater securement.

The structures disclosed above work, but they encom-
pass several _disadvantages particularly in terms of
manufacture. Due to many interference fits, it is dif-
ficult to assemble the structure, which requires spe-
cial tools. The welding used for the structures makes
them disposable, i.e. they cannot be disassembled
without damaging'_the structures. In addition, it is
impossible to modify them for different size classes
due to the fixed structure. Furthermore, the setup of
the assembly is problematic due to many successive in-
terference fits. Further, it is difficult to fit the
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axles with bearings in the axial direction, which re-

quires complex structures.

OBJECTIVE OF THE INVENTION

The objective of the invention is to remedy the above-
mentioned defects of the prior art.iSpecifically, the
objective of the invention is to disclose a novel ro-
tor axle of a high speed permanent magnet machine with
the smallest possible number of simple parts, able to
be assembled and also disassembled in a simple and
easy way, allowing simple implementation of the axial
bearing and able to be easily modified for different

size classes.

SUMMARY OF THE INVENTION

The rotor axle of a high speed permanent magnet ma-
chine according to the invention includes a first part
and a second part, both manufactured from a magneti-
cally non-conducting material. The first part and the
second part both have an inner end and an outer end so
that they can be axially interconnected one after the
other by the inner ends to constitute an integral ro-
tor axle. Their outer ends have bearing structures to
fit the rotor axle with bearings for rotation. Fur-
ther, a cylindrically shaped, solid permanent magnet
is provided coaxially with the first part and the sec-
ond part in between them and magnetized perpendicular-
ly to the axial direction of the cylinder. According
to the invention, a cylindrical external surface 1is
provided at the inner end of the first part, i.e. to-
wards the center of the rotor axle, and has an exter-
nal'thread. Correspondingly, a cylinder sleeve is pro-
vided at the inner end of the second part, i.e. to-
wards the first part. The internal base part of the
cylinder sleeve corresponds in shape to the cylindri-

cal permanent magnet used so as to constitute a tight
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and subétantially backlash-free space for the perma-
nent magnet. Further, the outer edge of the internal
lining of the cylinder sleeve has an internal thread
corresponding to the external thread of the first part
and allowing the first part and the second part to be
concentrically and axially ihterconnected one:-after
the other by the corresponding threads. This way, when
the permanent magnet is provided in its space in the
second éart, and the first part and the second part
are rotated together, it is pressed and locked in its

Space between the first part and the second part.

Preferably, the first part and the second part are-
made of:the same magnetically non-conducting material
which is suitably métal, such as steel, for example
stainless steel. It is also possible to make them of
titanium or a composite suitable for the purpose, in-

cluding for éexample carbon fiber.

In one embodiment of the invention, the first part of
the rotor axle includes a shoulder which is radial,
i.e. perpendicular to the longitudinal direction of
the axle, around the axle. A corresponding radial,
straight and ring-shaped surface is also provided to
the edge surface of the secondipart. This way, as the
first part and the second part are joined by the cor-
responding threads, an annular space is formed between
the peripheral eéedge of the cylinder sleeve of the sec-
ond part and the shoulder. An annular disc can be
placed in this annular space before joining the parts.
When the thickness of the annular disc is suitably se-
lected, it is tightly pressed in its place betweén the
first part and the second part as they are rotated to-

gether.
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‘Said annular disc may act as a plate transmitting the

magnetic force of the axial bearing of the rotor axle.
The disc may also have mainly radial formations, such
as grooves, channels or the like, in which case it may
act as a fan to provide an air flow cooling the dif-
ferent parts of the machine. It is also possible that
the same annular disc acts as a plate transmitting the
magnetic force of the axial bearing and as a fan at

the same time.

In one embodiment of the invention, the first and the
second part are hollow objects provided with a central
hole. The hole extending through the second part al-
lows inserting a tightly fitting permanent magnet in
its position, while air is able to flowbout through
the hole. In the same way, it 1is possible to .remove
the magnet by pushing it through the hole. Further,
the inner end of the central hole bf the first part
can be provided with a tightening screw which is ro-
tated through the hole so as to press and tighten the
magnet towards the base of the magnet space. This way,

the magnet can be locked in its position.

In one embodiment of the invention, the rotor axle in-
cludes an alternative 'second._part. Depending‘ on the
size of the magnet needed in an application, second
parts of different lengths can be connected to the
same ‘first part of the axle, with the internal base
part corresponding in shape to a cylindrical permanent
magnet of an alternative size. This way, every part of
the rotor axle need not be manufactured individually
for each application, but the first part may be the
same each time and only the second part be dimensioned
according to the size and properties of the magnet as

needed.
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ADVANTAGES PROVIDED BY THE INVENTION

The rotor axle according to the invention has consid-
erable advantages over the prior art. The rotor axle
of a high speed permanent magnet machine according to
the invention can be manufactured from a smaller num-

ber of parts than the corresponding known structures.

No separate support sleeves are required around the

permanent magnet. The axle practically consists of on-
ly two parts interconnected by sufficiently long
threads, so assembling of the axle is very simple and
quick[ No special tools are required to assemble the
axle. Further, the structure allows implementation of
a very simple plate transmitting the magnetic force of
the axial bearing in the axle. In addition, the length
of.the active part of the rotor can be modified by

changing only one of the parts of the axle.

BRIEF DESCRIPTION OF THE DRAWINGS

Beléw, the invention will be described in detail with
reference to the accompanying drawing illustrating one
rotor axle of a high speed permanent magnet machine
according to the invention as a partial sectional

view.

DETAILED DESCRIPTION OF THE INVENTION

The figure illustrates one rotor axle of a high speed
permanent magnet machine according to the invention
consisting mainly of two concentric parts intercon-
nected substantially one after the other, namely a
first part 1 and a sécond part 2. The parts are cylin—‘
drical objects which are symmetrical relative to the

central axis.

The inner end of the first part 1 includes an external
thread 4, following which the external surface of the

first part has a radial and annular circumferential
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surface, i.e. a shoulder 8. Then, the first part has
the radial magnetic bearing structures 11 necessary
for the axle. A central hole 10 opens at the outer end
of the first part 1 and extends through the entire
part.

The inner end of the second part 2 includes a cylinder
sleeve 5 having a cylindrical base part 6 correspond-
ing relatively accurately in shape to the Shape of the
cylindrical permanent magnet 3 used. This way, the
permaneht magnet can beitightly placed in this base
part so as to‘be.substantially backlash-free. Towards
the inner end from the space required by the permanent
magnet 3, the cylinder sleeve 5 in the second part in-
cludes an internal thread 7 corresponding to the ex-
ternal thread 4 of the inner end of.the first part 1.
This way, the first part'l and the second part 2 can
be rotated together one after the other by the corre-
sponding threads to constitute a concentric structure.
In addition, the outer end of the second part 2 has
corresponding radial magnetic bearing structures 11
necessary for_the axle and a hole 10 opening at the
outer end and centrally extending through the second
part up to the base part 6, i.e. to the magnet 3

therein.

The peripheral edge of the cylinder sleeve 5 of the
second part 2 is a straight and planar annular sur-
face, and a space is formed between it and the corre-
sponding straight annular surface of the shoulder 8
for accommodating a ring-shaped disc 9. Its thickness
is so adapted that it becomes firmly tightened in its
position when the first part 1 and the second part 2

are screwed together.
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In assembling the rotor axle, the magnet 3 can just be
inserted into the second part 2 against the base part
6. Not even a tight fit should prevent the insertion
of the magnet because air is able to flow out through
the central hole 10 of the second part. In the same
way, the magnet can be removed from its: p081tlon as

needed by pushing through the hole.

Normally, the permahent magnet is préssed in its space
between the first part and the second part. However,
should it be necessary to fix the magnet even more
tightly, this can be accomplished through the central
hole 10 of the first part for example by providing a
thread in the inner part of the hole 10 close to the
magnet 3. Through the hole, a suitable screw can be
rotated on the thread so as to press the magnet and

thus lock it in its position.

The invention has been described above by way of exam-
ple with reference to the accompanying drawing; howev-
er, different embodiments of the invention are possi-

ble within the scope defined by the claimsﬁ
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CLAIMS

1. A rotor axle of a high speed permanent magnet ma-
chine including a first part (1) and a second part
(2), both manufactured from a magnetically non-
conducting material and including an inner end and an
outer end for being axially interconnected one after
the other by the inner ends to constitute an integral
rotor axle, the outer ends including bearing struc-
tures_(ll) to fit the rotor axle with bearings,. and a
cylindrical and solid permanent magnet (3) which is
coaxial with the first part and the second part in be-

tween them and magnetized perpendicularly to the axial

direction of the cylinder, characterized in

that the inner end of the'first part (1) of the rotor
axle 1includes a cylindrical external surface with an
external thread (4) and that the inner end of the sec-
ond part (2) includes a cylinder sleeve (5), of which
the internal base part (6) correspoﬁds in shape to the
cylindrical permanent magnet (3) so as to constitute a
space for the permanént magnet, and of which the in-
ternal lining has an internal thread (7) corresponding
to the external thread of the first part, so that when
the first part and the second part are concentrically
rotated together one after the other in the axial di-
rection, the permanent magnet (3) 1is provided in its

space between the parts.

2. The rotor axle according to claim 1, charac-
terized in that the first part (1) and the second
part (2) are made of metal, such as steel, for example

stainless steel.

3. The rotor axle according to claim 1, charac-
terized in that the first part (1) and the second

part (2) are made of titanium.
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4, The rotor axle according to claim 1, charac-
terized in that the first part (1) and the second
part (2) are made of a composite suitable for the pur-

pose.

5. The rotor axle according to any one of claims 1-4,
characterized in that the bearing structures
(11) include conical surfaces acting as bearing sur-

faces in axial and radial bearings.

6. The rotor axle according to any one of claims 1-4,

characterized in that the first part (1) in-
cludes a radial shoulder (8), whereby an annular space
is provided between it and the peripheral edge of the-
cylinder sleeve (5) of the second part (2), in which
space an annular disc (9) can be placed and pressed in
its position between the parts by rotating the first
part and the second part together.

7. The rotor axle according to claim 6, charac-
terized in that the annular disc (9) is a plate
transmitting the magnetic force of the axial bearing,

a fan or a combination thereof.

8. The rotor axle according to claim 6 or 7, char-
acterized in that the surface of the annular
disc (9) includes substantially radial grooves or

channels to provide cooling air flows.

9. The rotor -axle according to any ocone of claims.1-8,
characterized in that the first part (1) and
the second part (2) are hollow objects provided with a
central hole (10).
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10. The rotor axle according to any one of claims 1-9,
characterized in that the rotor axle includes
én alternative second part, wherein the internal base
part corresponds in shape to a cylindrical permanent
5 magnet of an alternative size so as to constitute a

space for the alternative permanent magnet.
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