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Device for protecting parts of a system of a spinning rotor with a magnetic
bearing

Technical field

The invention relates to a device for protecting parts of a system of a
spinning rotor with a magnetic bearing by preventing contact between a shaft of
the spinning rotor and parts of the magnetic bearing or a drive mechanism in
the event of loss of the shaft levitation and/or in the event of excessive lateral
deflection of the shaft from the axis of the magnetic bearing, comprising at least
two safety rings mounted in holders arranged in the front and rear parts of the

shaft, through which the shaft passes in the levitation state without contact with

them.

‘Background art

For mounting working means which rotate very fast, such as spinning
rotors of open-end spinning machines, there are special active magnetic

bearings. In shaftless systems, a cup of a spinning rotor rotates in the magnetic

field, while in shaft systems it is the shaft that rotates in the magnetic field,
~whereby at the end of the shaft a spinning rotor is mounted. The system

controls the rotation and position of the rotating-shaft of the rotor. In the event of
a failure of the control system of the bearing, for example, when the shaft
vibrates at a critical frequency or in the event of a power failure or at increased
rotor unbalance, the magnetic bearing stops keeping the shaft in the axis of the
system and it is necessary to make sure that the shaft does not come into
contact with parts of the magnetic bearing or parts of the drive and does not
damage those parts or itself. For this purpose, two safety rings are used
thrbugh which the shaft passes in the front and rear parts. In some
embodiments, the rear safety ring is provided with a bottom to withstand the

axial forces when the shaft is moved backwards upon loss of levitation. -
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A magnetic bearing for mounting a sh’aft of a spinning rotor is disclosed,
for example, in DE 100 22 736 A1 or DE 198 27 606 A1, in which are shown
two annular-shaped safety rings which are pressed into holders in the front and
rear parts of the shaft, whereby the shaft p'asses through the safety rings and,
when deflected out of the worklng posrtlon for example in the event of vibration
at a critical frequency, a fallure or power cut the safety rrngs withstand the
forces from the rotating shaft unt|l the shaft stops ThlS protects the magnetic
bearing and its components from mechanrcal damage caused by the impact of
the shaft and from subsequent damage caused by the friction and the rolling
motlon of the shaft rotating at more than 50 000 revolutions per minute, with

operating speeds reaching as many as about 200 000 revolutions per minute.

The magnetic bearing area is closed close from both sides by holders with

safety rings. The disadvanta‘g'e of these safety rings is the fact that they are
fixedly mounted to the holder because the entire safety ring holder must be

dismounted in case of need for any intervention on the inside of the magnetic

bearing and when the safety ring is damaged or worn out, it is :n‘e"'ces:‘:s:a‘ry"'to

‘replace the entire safety nng holder Moreover the’ safety rlng is rlgld and |n the

event of the shaft |mpact it must w1thstand all the forces, and’ S0 in most cases

the safety ring and/or its mountrng in the holder is damaged and the safety rrng

'must be replaced together with the respectrve holder

When replacmg the shaft ‘the front- safety r|ng or when cleanrng the

',workspace the front safety rrng located together with the holder |mmed|ately

behlnd the rotor cup must be temporarlly removed and after performlng the
particular operation, the front safety r|ng must be mounted agarn precrsely
coaxially with the system components. - ..~ -

The aim of the invention is to simplify and reduce :the -costs- of the

“mounting and dismounting of-the safety ring-and the holder without having to re-
center them to accommodate the shaft. In addition, it is-the-aim of the invention

to maximize the service life of fthe':fsafety, ring.

Principle of the invention

The goal of the invention‘is'_ac_hieved' by a device for protecting parts of a

system of a spinning rotor ‘with a magnetic bearing by preventing contact
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between a shaft of the spinning rotor and pa‘r_ts"of"thetmagnetic be_ari_ng or a
drive mechanism in the event of Ioss.of the shalft' levitation and/or in the event of
excessive lateral deflection of:the shaft from the axis of the magnetic bearing,
comprising at least two safety rings mounted in the holders arranged in the front
and rear parts of the shaft, through which the shaft in the levitation state 'passes
wnthout contact with them, whereby the prrncrple of the |nvent|on consrsts |n that
at least the front safety rrng is mounted detachably in the holder, preferably by a
bayonet connectron or is attached by means of a clip or threaded coupling. The
detachable mounting significantly facilitates the mounting and dismounting of

the ring without having to dismount the holders in which they are mounted.

In a preferred embodrment the bayonet connectlon conS|sts of an

‘openrng with shaped recesses |n the holder for the passage of a bayonet cap of
:the safety ring. Formed on the inner srde of the holder are bayonet recesses

‘extendrng in the drrectron of rotatron of the shaft away from the shaped

,recesses and termrnatlng rn stops to rece|ve in case of need bayonet

}protrusmns of the bayonet cap of the safety nng The safety nng |s rotated only
in some cases of the shaft |mpact on the safety nng after loss of Ievrtatlon and
Ttherefore the final posrtlon of the safety rrng mounted |n the holder IS deflned by
:the stops

-To achieve a firmer connection, the depth of the bayonet recesses

decreases in the direction of the shaft rotation and therefore the clamping force

between the bottom of the recess and the ‘bearing _silrfaCe of the bayonet
“protrusions and the bearing surface of the head of the safety ring increases due
“to the rotation of the safety ring in the direction of the shaft rotation. -

To increase the servrce lrfe of the safety nng and fo |mprove the

| protectron of the shaft when in. contact wrth the safety rrng after loss of levrtatron

at least the inner part of the safety rrng is formed by a ceramrc rlng

The advantage of the ceramic ring is high mechanrcal strength WhICh is

, important because very high energy is dissipated during the impact. Another

advantage is excellent wear resistance, which also increases the service life of

the ring. The ceramic material allows to choose a suitable surface roughness,

whereby a relatively rough surface greater than Ra 1.6 is preferred for the given

application, and/or the inner surface of the opening in the ceramic Ting is
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preferably provided with at least one groove extending from one face to the
other, which prevents “the backup wheel effect’, that is to say, the effect of
reversing the shaft rotation after the impact on the ring, which may damage the
safety ring the most. Another advantageous property of the ceramic material is

high fracture toughness, which also increases the service life of the ring.

The ceramic ring can be accommodated in a dampening ring made of a
material more elastic than that of the ceramic ring, which above all reduces the

risk of brittle fracture of the ceramic ring.

Description of drawings

An exemplary embodiment of the invention is sChematicaIIy represented

in the enclosed drawings, wherein Fig. 1a is an axonometric view and sectional

view of a front safety ring detachably mounted in a holder by means of‘a

bayonet connection, Fig. 1b is an axonometric view and sectional view of a rear
safety ring detachably mounted in the holder by a bayonet connection, Fig. 2 is
a view of a shaft of the spinning rotor with safety rings mounted in the holders,
Fig. 3 shows a safety ring with a‘bayonet connection and a spacing member,
Fig. 4a shows a front safety ring with a céramic ring and a damping ring, Fig. 4b
shows a rear safety ring with a ceramic ring énd a damping ring, Fig. 5a is a
view of a holder with a detachable safety ring, Fig. 5b is a cross-section of the
holder and the safety ring of Fig. 5a, Fig. 5a, Fig. 6a shows a safety ring
consisting of a ceramic ring and a damping ring having a clip connection, Fig.
6b shows the safety ring of Fig. 6a mounted in the holder by means of a clip
connection, Fig. 7a shows a front safety ring with a ceramic ring and a split
damping ring in the holder, Fig. 7b shows a rear safety ring with a ceramic ring
and a split damping ring mounted in the hoider.

Examples of embodiment

The aim of the invention is a device for protecting parts of a system of a
spinning rotor with a magnetic bearing by preventing contact between a shaft 1

of the spinning rotor and parts of the magnetic bearing or a drive mechanism in

‘the event of loss of the shaft levitation and/or in the event of excessive lateral
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deflection of the shaft from the axis of the. magnetic bearing, for exampie, as a
result of critical frequency shaft vibration, increased rotor unbalance or a power
failure. The device comprises at least two safety rings 2, 3, easily replaceable,
detachably mounted in holders 4, which are arranged in a known manner in an
unillustrated body of the magnetic bearing. The holders 4 are arranged in the
front and rear parts of the shaft 1, as shown in Fig. 2. In the levitation state, the
shaft 1 passes through the safety rings 2, 3 without contact with them. In the
embodiment of Fig. 2, both the front safety ring 2 and the rear safety ring 3 are
straight-through. In other embodiments, the rear safety ring 3 is provided with a
bottom 35, and so it is only partially straight-through for the shaft 1, as shown in
Figs. 1b, 4b and 7b. In the levitation state there is a gap between the bottom 35
of the rear ring_3 and the rear face of the shaft 1. In the embodiment of Fig. 2,

the rear safety ring 3 is straight-through, and the rear face of the shaft 1 is
'secured by other means. At least the front safety ring _2_ is mounted detachably
‘in the holder 4, preferably by a bayonet connection, or it is attached by means
‘of a clip or a threaded coupling. The invention will be further explamed in detail

‘with reference to the bayonet connection of the front safety rlng 2.

For bayonet fastenlng, a bayonet cap 20 20 is formed on the flrst safety nng

}_2 frtted with bayonet protrusions 21 and in the holder 4 is formed an openlng

with shaped recesses 41 for the passage of the protrUSIons 21 of the bayonet

,connectlon 20 of the safety ring 2. In the |Ilustrated example of embodlment
_fastenlng bayonet recesses 42 are prov1ded on the inside of the holder 4 and

are Iocated in the direction of the shaft 1 rotation: away from the shaped

recesses 41 and terminate in stops 43to deflne the pOSSIble end posltlon of the
--safety ring 2 so that the bayonet protrusrons 21 of the bayonet cap 20 of the
safety ring 2 can abut on the stops 43. The front safety ring 2 is for the bayonet
f_fastenlng provided W|th a head 22 whrch abuts in the connected posmon on the

-front side of the holder 4. In a simplified embodrment it is not necessary to use

the bayonet recesses 42 in the holder 4 as the inner wall of the holder 4 serves

the same purpose.

In an alternative embodrment the depth of the bayonet recesses 42

: decreases in the direction of the shaft 1 rotatlon to achleve a flrmer connectlon

Asmce durlng the rotation of the safety rrng 2 in the orlglnal direction of the shaft



10

15

20

25

30

WO 2019/034187 : PCT/CZ2018/050042

1 after the impact of the shaft 1 after the loss of levitation, the clamping force

acting between the bottom of the recess and the bearing surface of the bayonet
protrusions 21 and the bearing surface of the head 22 of the safety ring 2
increases and hence the resistance against the rotation of the safety ring also

increases.

In order to increase the strength of the bayonet connection of the front
safety ring 2 and the holder 4, a spacing member 5 is inserted between its -head
22 and the holder 4, which, in the illustrated embodiment, is formed by a
resilient metal pad, but in an unillustrated embodiment may be fofm'ed' byfah

elastic element, for example, by a rubber pad, which at the same time seals the

,gap in the bayonet connection to protect |t from dust

. The rear safety ring 3 may be mounted in the rear holder 4 also by

;m,ean:s,of a.bayonet connection, but since it-is not manipulated ;durl-ng nermal
-repairs.or maintenance, it is more frequently rigidly connected to.the-holder 4-by
‘any known method.

If the rear safety ring 3 is mounted by means of a bayonet connection, a

bayonet cap 30 having bayonet protrusions 31 is vprovided on the rear safety
ring 3 and the head 32 of the rear safety ring 3 abuts on:the inner side of the

rear holder 4. The actual connection of the rear safety ring 3 and the holde,r 4is

then created in the same manner as in the case of the front safety ring 2.. . -

~ The 'safety .ring 2, 3 for the bayonet connection with the holder 4 is

‘inserted into an opening 40 in a pre-centered holder 4, and by turning:slightly

~the safety ring 2, 3, all the surfaces which abut on-each other are pressed

together. In the final position after mounting the safety ring 2, 3, thebaycrtet
protrusions 21, 31 of the safety ring 2, 3 do not rest on the stops 43 of the

holder 4. In the event of loss of the shaft levitation 1 and |ts deV|at|on from the

' aX|s of the magnetic bearing, the shaft 1 surface may come |nto contact Wlth the

mner surface of the safety ring 2 3. If this contact occurs, the safety rlng 2,3

“can be rotated until its bayonet protrusions 21, 31 abut on the stops 43

termlnatmg the bayonet recesses 12_ in the holder 4, reducing the impact

ehergy, thereby reducing the risk of damage to the safety ring 2. 3. The rotation

- of the safety ring 2, 3 need not take place after each impact of the shaft 1 on the
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safety ring 2, 3, it depends especially on the distribution of the shaft 1 energy in
the event of the impact.

When replacing the shaft 1 and/or the safety ring 2, 3 and/or when
cleaning the inner space of the magnetic bearing, the respective safety ring is
turned against the direction of the shaft 1 rotation to a position in which the
bayonet protrusions 21, 31 of the safety ring 2, 3 are situated opposite the
shaped recesses 41 of the holder 4 and the safety ring 2, 3 is removed.

The front safety ring 2 is usually removed together with the shaft 1,
whereby the rear safety ring 3 remains and, after performing the respective
reverse operation, with the shaft 1, the front safety ring 2 returns to the holder 4
and is tightened by turning in the direction of the shaft 1 rotation. If the safety
ring 2, 3 is damaged, the defective ring 2, 3 is replaced in this manner with a

new one.

In another embodiment of the safety rings 2, 3 the bayonet connection is
replaced with a clip connection, as shown in Fig. 2 and in Figs. 6a, b of the front
safety ring 2. In the illustrated embbdiment, the front safety ring 2 is provided
with a clip closure 200, which is part of the damping ring 24, and its hook is
snapped around the circumference of the opening in the holder 4.

In an unillustrated embodiment, a thread is formed in the opening of the
holder 4 and the respective part of the safety ring 2 is provided with the same
thread. The thread tightening direction is the same as the direction of the shaft 1
rotation. |

To increase the service life of the safety ring 2, 3 and to improve the
protection of the shaft 1 of the spinning rotor when the shaft 1 is in contact with
the safety ring 2, 3 after loss of the shaft 1 levitation, the inner part of the safety
ring 2, 3 is formed by a ceramic ring 23, 33 which is mounted in the body of the
safety ring 2, 3 which constitutes a damping ring 24, 34 and may be made of
plastic or another material, ensures short-term partial deformation of the safety
ring after the possible shaft 1 impact, i.e., it may be made of a material with a
greater reversible deformation than that of the ceramic ring 23, 33, which
partially removes the disadvantage of the brittleness of the ceramic material. In

this embodiment, for a bayonet connection with the holder 4, a bayonet cap, or
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a clip connection with the holder 4, or a thread for a threaded coupling to the
holder 4 is formed on the outer circumference of the damping ring 24, 34. The
damping ring 24, 34 is connected to the ceramic ring 23, 33 by any suitable type
of connection, such as a clip connection, as shown in Figs. 2, 4 and 6, by

pressing, see Fig. 1, or by a threaded coupling.

Another option is to create the entire safety ring 2, 3 from ceramic
material, including the bayonet cap 20, 30, as shown in 'Fig. 5. In this case it is
advantageous if at least the part of the hoider 4, 30 with an opening 40 with
shaped recesses 41 for the passage of the bayonet cap 20, 30 of the safety ‘ri'ng

2, 3, is made of a material having a reversible shape deformation greater than

that of a ceramic ring, for example it is made of plastic, which ensures short—

Lterm partial deformation of the safety nng in the event of the shaft 1 lmpact and

constltutes a damping ring 24, 34. In an a|ternat|ve embodrment the entrre

‘holder 4 is made of such a material.

To reduce the energy transmission of the shaft 1 impact on the safety

ring 2, 3 and on its mounting in the holder 4 the ceramrc rrng 23 33 constrtutrng

the safety ring 2, 3 in another alternatrve embodrment is mounted |n a damprng
‘nng 24, 34 made of a materlal whose reversible deformatron is greater than that
iof the ceramic ring 23, 33. in thls embodlment the damplng rlng 24, 34 |s ngldly
:,'mounted in the body of the safety ring 2, 3, or it even constrtutes this body

Further reduction in the energy transmission of the shaft 1 rmpa,ot _on.;the

-safety ring 2, 3 and on its mounting in the holder 4 is achieved, for example, by
-splitting the damping ring 24, 34 of the front safety ring 24, 34 into the inner

damping ring 241, 341 and the outer damping ring 242, 342 made of a material
with different deformation, whereby the outer ring 242, 342 is detachably

mounted in the holder 4. In the embodlment shown |n Flgs 7a 7b the lnner

,‘dampmg ring 241, 341 rs made of rubber

* Another alternative embodiment of a rear safety ring 3 is shown.inFig.;-Z,

Wwherein the damping ring 34 is rigidly connected to the holder 4 and the
~ceramic ring 33 is mounted in the damping ring 34 by a clip connection.

‘Shapes, dimensions, suitable materials and their strength, hardness, the

.:size of reversible deformation (flexibility) and other properties and combinations
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of the individual parts of the safety rings 2, 3 and the holder 4 are selected
according to the specific technological conditions.

To prevent “the backup wheel effect", which 'damages the safety ring the
most, that is to say, the effect of reversing the shaft 1 rotation after the impact
on the ring 2, 3, the inner opening-of the ceramic ring 23, 33 has an increased

surface roughness, preferably greater than or equal to Ra 1.6

The same or similar result is achieved by interrupting the surface of the
mner opening of the ceram|c ring 23, 33 by at |east one groove extendmg from

one face to the other.

According to another variant shown in Flgs 8 to 11, the safety rlng 2 3

"-on the holder 4 is screwed by at least two bolts 6.

 The front safety ring 2 is configured as a ring 26 which comprises a
flange portion-261 and a shoulder 262 to be inserted ‘into the opening-in the
holder 4. In the flange portion 261, which is intended to abut on the holder 4,

three evenly spaced openings -263 for the bolts 6 are arranged around-the
rc‘ircumference. In the illustrated embodiment, a groove 264 for a resilient

sealing member is formed in the bearing surface of the flange portion 261 to

prevent dust penetration. The front safety rrng 2 can conS|st of ‘more rlngs as

jdescrlbed above.

The rear safety ring 3 consists .of an. annular portion provided with a
bottom 35 which is arranged at the end of the opening for lnsertrng the Tear
portlon of the shaft 1 of the spmnlng rotor. In the embodiment shown two
opposing arms 361, in which openings 362 are formed for the bolts 6, protrude

from the annular portion: The rear safety rmg 3 can also be formed by a multl-

nng ‘assembly as descrlbed above.
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PATENT CLAIMS

1. A device for protecting parts of a system of a spinning rotor with a
magnetic bearing by preventing contact between a shaft (1) of the spinning rotor
and parts of the magnetic bearing or a drive mechanism in the event of loss of
the shaft (1) levitation and/or in the event of excessive lateral deflection of the
shaft (1) from the axis of the magnetic bearing, comprising at least two safety
rings (2, 3) mounted in holders (4) arranged in the front and rear parts of the
shaft (1) through which the shaft (1) in the state of levitation passes without
contact with them, characterized in that at least the front safety ring is
detachably secured in the holder (4). -

2. The device according to claim 1, characterized in that the safety ring
(2 or 3) is mounted in the holder (4) by means of a bayonet connectlon or by

means of a clip connectlon ora threaded coupllng

. 3. The dewce according to claim 2, characterized in that a bayonet cap
(20) fitted with bayonet protrusions (21) is provided on the safety ring (2,.-3) for

the bayonet connection and in the holder (4) is formed -an. opening (40) with
shaped recesses (41) around the circumference. of the opening (4) for the
passage of the bayonet protrusions (21) of the bayonet cap (20) of the safety

ring (2). -

4. The device according to claim 3, characterized in that in the inner

wall of the holder (4) are formed fastening bayonet recesses (42) extending-in

the dlrectlon of the shaft (1) rotation away from the shaped recesses. (41) and

termmatlng in stops (43) to allow the bayonet protrusmns (21) of the bayonet
cap (20) of the safety ring (2) to abut on the stops (43) '

-.5. The device according to claim 4, characterized in that the ‘bayonet

_recesses-(42) have a decreasing depth in the direction of the shaft (1) r;ot_atlon,

6. The device according to claim 2, characterized in that chp closures

'(200) are provided on the safety ring (2 or 3) for the clip connection.

7. The device according to claim 2, characterized in that for the

threaded ‘c'onpling,' the safety ring (2 or 3) and the holder (4) are provided with a
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thread whose directioh'ofrtightening is the same direction as that of the shaft (1)
rotation.

8. The device according to claim 1, characterized in that the safety _ring
(2, 3) is mounted on the holder (4) by means of at least two bolts (6).

9. The device according to claim 8, characterized in that the front safety
ring (2) is formed as a ring comprising a flénge portion (261) and a shbulder
(262), whereby three openings (263) for the bolts (6) are arranged around the
circumference of the flange portion, the openlngs (263) being spaced evenly
from each other. '

10. The device according to claim 9, characterized in that the flange

portion (261) has a groove (264) for a resilient sealing member in the bearing

surface.

11. The device according to claim 8, characterized in that the rear

safety ring (3) comprises an annular portion provided with a bottom (35) from

which protrude two arms (361), opposed to each other, in which bolt openings
(362) for the bolts (6) are formed

12 The device accordlng 1o any of the precedlng claims, characterized

in that the safety ring (2, 3) has an inner part formed by a ceramic ring (23, 33).

13. The device according to claim 12, characterized in that the entire

safety ring (2, 3) is made of ceramic material.

14. The device according to claim 13, characterizéd in that at least part
of the holder (4) around the opemng for the mounting of the safety ring (2, 3) is
made of a material having a greater reversible deformatlon than the ceramic
material of which the safety ring (2, 3) is made.

15. The device according to claim 12, characterized in that the ceramic
ring (23) is surrounded by a damping ring (24) made of a material having a
greater reversible deformation than the ceramic ring (23).

16. The device according to claim 15, characterized in that the damping
ring (23) consists of an inner damping ring (241) and an outer damping ring
(242), which are made of a material having a different reversible deformation,
which is greater than that of the ceramic ring (23). |
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17. The device according to claim 16, characterized in that the inner
damping ring (241) is made of rubber.

18. The device according to ahy of claims 12 to 16, characterized in
that the inner opening of the ceramic ring (23) has a surface roughness greater

than or equal to Ra 1.6.

19. The device according to any of claims 12 to 16, characterized in
that the inner opening of the ceramic ring (23) has a surface interrupted by at

least one groove formed between the faces of the ceramic ring (23).
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