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Description
Technical field

[0001] The present invention relates to a centrifugal
pump with balancing means in accordance with the pre-
amble of claim 1, a balancing disc for a centrifugal pump
in accordance with the preamble of claim 9 and a method
of balancing axial forces of the centrifugal pump in ac-
cordance with the preamble of claim 12. More specifically
the presentinvention relates to single- or multi-stage cen-
trifugal pumps having novel disc-type means for balanc-
ing the axial forces of the pump.

Background art

[0002] The means for balancing axial forces of centrif-
ugal pumps are normally in use in multistage pumps,
which have a high pressure head, and are provided with
several subsequent centrifugal impellers on the same
shaft. An axial force is generated while an impeller, or a
plurality of impellers, draws liquid axially in the pump and
discharges the liquid radially from the pump. The axial
force tends to draw the impeller/s towards the pump inlet,
whereby the bearings of the pump are subjected to a
considerable axial force when keeping the pack of im-
pellers in place. In order to reduce the axial force sub-
jected to the bearings, and, thus, to make it possible to
use smaller or lighter bearings or different types of bear-
ings means for balancing the axial force have been de-
veloped.

[0003] Prior art knows two basic types of means for
balancing the axial force. One is a so- called drum-type
balancing means, and the other a disc-type balancing
means. Also hybrid balancing means are known, i.e. one
comprising both a balancing drum and a balancing disc.
In most cases the balancing means are positioned on
the pump shaft behind the last impeller when viewed from
the pump inlet towards the pump outlet. However, it is
possible, if desired, to construct a centrifugal pump such
that the balancing means are between the stages of a
multi-stage centrifugal pump or in front of the impeller/s
thereof. The disc-type balancing means may be consid-
ered as the preferred choice of the two basic balancing
means as it adjusts its operation automatically, i.e. slight
wear does not affect the operation of the balancing
means at all, whereas even the slightest wear of the
drum-type balancing means results in a change in the
balancing capability of the balancing means. Further-
more, the disc-type balancing means occupies also less
space in the axial direction than drum-type balancing
means.

[0004] The disc-type balancing means is formed of a
balancing disc fastened on the shaft of the pump and a
stationary counter member. In most cases the counter
member is arranged to extend from the pump volute or
casing radially inwardly between the impeller or one of
the impellers and the balancing disc. Often the stationary
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counter member is the rear wall of the last pumping stage
of the centrifugal pump. The balancing disc and the coun-
ter member leave a radially extending cavity, so called
balancing cavity, therebetween. Either the balancing disc
or the counter member or both have an annular axial
extension, sometimes a separate circular ring, at the out-
er periphery of the balancing disc for reducing the axial
dimension of the cavity between the balancing disc and
the counter member in order to limit the leakage flow of
the pressurized liquid from the pump. However, it should
be understood that the balancing means, i.e. balancing
disc, its counter member and the balancing cavity, may
also be located in front of the impeller/s when viewed
from the direction of the inlet opening of the pump. In
such a case it is required that the pressurized liquid is
taken to the balancing cavity along a separate flow pas-
sage.

[0005] The disc-type balancing means functions such
that a part of the liquid pressurized by the impeller or the
pack of impellers enters, as is well known in centrifugal
pumps, to the cavity behind the impeller of the last pump-
ing stage, and finds its way via the gap between the shaft
of the pump or the shaft sleeve of the balancing disc and
the stationary counter member to a radially extending
balancing cavity between the balancing disc and the sta-
tionary counter member. Now that the pressure of the
liquid is, in practice, not reduced the full pressure of the
pumped liquid effects on the rotary balancing disc push-
ing the balancing disc away from the inlet of the pump,
i.e. contrary to the axial force created by the impellers.
Thereby, the axial thrustloading the bearings of the pump
is the difference of the two axial forces having opposite
directions. By properly dimensioning the balancing
means the two opposite forces may be equalized result-
ing in zero thrust, whereby the shaft bearings may be
changed into slide bearings that are not able to carry any
axial load.

[0006] However, while the pressurized liquid flows ra-
dially outwardly in the balancing cavity between the bal-
ancing disc and its counter member, the liquid reaches
the annular extension or ring and enters the annular gap
between the annular extension or ring and its counter
surface. Now that the annular gap is very thin, i.e. its axial
depth is very small, and the pressure difference radially
over the ring is relatively high (depending mostly on the
head of the pump), the flow velocity of the liquid in the
thin gap is high. Due to the high velocity of the liquid the
pressure in the gap between the balancing disc and the
counter member is low resulting in that in the area of high
flow velocity, i.e. at the ring area, the disc is not able to
create any significant axial force. The result, in appropri-
ate conditions, is that a part of the liquid flow entering the
gap between the ring and its counter surface evaporates
temporarily to vapor. Especially in such a condition that
the pressure difference over the balancing means is high
compared to how far from the steam pressure the bal-
ancing means operates. The temporary evaporation of
the liquid in the thin gap results easily in mechanical con-
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tact between the ring and its counter surface, which, in
the least, increases friction losses, and raises the tem-
perature of the surfaces. Also, sudden evaporation of the
liquid may lead to impacts between the counter surfaces
as they hit one another. Both the friction and the impacts
may, in the long run, cause wear, which may over time
lead to need for replacing the balancing means with a
new one. In other words, the first problem that may be
seen in the operation of the balancing means is high pow-
er consumption combined with fluctuations in the power
consumption due to the balancing means operating, al-
ternatingly, in both low-friction and high-friction condi-
tions.

[0007] The above described problems, first of all the
mechanical contact between the counter surfaces, have
been suggested to be solved by increasing the effective
area of the balancing disc by increasing the diameter of
the balancing disc. It results in considerable increase in
the power consumption of the balancing means without,
however, preventing the liquid from boiling in alloperating
conditions of the pump. In other words, the prior art im-
provement leads to increased power consumption and
occasional wear-related problems.

[0008] Prior art proposes, in US-A-5,613,831, for solv-
ing the above problem a pressure compensation system
for a rotary pump, which aims at preventing the axial dis-
placement of the pump shaft to such an extent that me-
chanical contact between the disc type balancing means
is avoided. The improvement in the means for pressure
or thrust compensation includes a first set of permanent
magnets arrayed around and attached to the shaft and
a second set of permanent magnets arrayed on the pump
housing at the shaft opening and facing the first set of
permanent magnets. The second set of permanent mag-
nets magnetically attracts the first set of permanent mag-
nets to hold the pump shaft at a fixed position along the
major axis of the shaft with respect to the pump housing.
Upon rotation of the shaft generating the axial thrust
along the major axis of the shaft, the first set of permanent
magnets and the second set of permanent magnets op-
pose movement of the shaft along the major axis of the
shaft with respect to the housing.

[0009] In principle the above discussed idea of using
permanent magnets to prevent the axial movement of
the pump shaft is good, but the way it is done in the cited
US patent includes a few problems. Firstly, the position-
ing of the permanent magnets on the shaft and on the
housing increase the longitudinal dimension of the pump,
whereby a larger space is needed for the pump installa-
tion. Secondly, as the permanent magnets are in axial
direction relatively far from the balancing means, i.e. bal-
ancing disc, where there is a risk of mechanical contact,
changes in the temperature of the liquid to be pumped
should be taken into account. The risk of mechanical con-
tactis, naturally, the greatest when a cold pump is started
to pump liquids the temperature of which may exceed
100 degrees. Thus, if the permanent magnets are prop-
erly aligned when the pump is cold, heating of the pump
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shaft may move the surfaces of the balancing means
towards one another to such an extent that a contact is
possible. The sensitivity to temperature requires specific
attention, if the temperature of the liquid to be pumped
is changed significantly, i.e. for instance the pump is
moved from pumping hot liquid to pumping cold liquid. A
third problem involved in the pump of the US- document
may be seen in the weakened operation of the balancing
means. In other words, by keeping or trying to keep the
shaft axially immobile the permanent magnets prevent
the balancing means from operating in the manner it is
designed to function, i.e. automatically adjusting the thin
axial gap between the working surfaces of the balancing
means.

[0010] Thus an object of the present invention is to
design such a novel balancing means for a centrifugal
pump that prevents mechanical contact between the bal-
ancing disc and its counter member.

[0011] Another object of the present invention is to de-
sign such a novel balancing means for a centrifugal pump
that utilizes the permanent magnets but avoids the prob-
lems involved in the prior art use of the permanent mag-
nets.

[0012] A further object of the present invention is to
develop such a novel balancing means for a centrifugal
pump that, while effectively preventing mechanical con-
tact between the balancing disc and its counter member
still allows the balancing means to adjust automatically
its operating clearance.

Disclosure of the Invention

[0013] At least one of the above discussed problems
is solved and at least one of the objects of the present
invention are met with a centrifugal pump comprising a
pump casing with an inlet and an outlet, a shaft sealed
and mounted with bearings to the pump casing, at least
one impeller fastened on the shaft for rotation therewith
and a means for balancing axial forces the balancing
means comprising a balancing disc fastened on the shaft
for rotation therewith and having an outer circumference,
and a stationary counter member arranged in connection
with the pump casing; the balancing disc and the counter
member leaving therebetween a balancing cavity,
wherein a first permanent magnet is arranged in connec-
tion with the balancing disc and a second permanent
magnet is arranged in connection with the counter mem-
ber, the first and the second permanent magnets facing
one another such that either the north poles or the south
poles of the permanent magnets face each other.

[0014] At least one of the above discussed problems
is solved and at least one of the objects of the present
invention are met with a method of balancing an axial
thrust of a centrifugal pump, the centrifugal pump com-
prising a pump casing with an inlet and an outlet, a shaft
sealed and mounted with bearings to the pump casing,
at least one impeller fastened on the shaft for rotation
therewith and a means for balancing axial forces the bal-
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ancing means comprising a balancing disc fastened on
the shaft for rotation therewith and having an outer cir-
cumference, and a stationary counter member arranged
in connection with the pump casing; the balancing disc
and the counter member leaving therebetween radially
inwardly from the outer circumference a thin gap and
radially inwardly thereof a balancing cavity, the method
comprising the step of:

* providing the balancing disc with at least one first
permanent magnet and the counter member with at
least one second permanent magnet,

e arranging the at least one first and the at least one
second permanent magnets in relation to one anoth-
er such that either their north poles or their south
poles face one another,

e arranging the at least one first and the at least one
second permanent magnets in such an axial dis-
tance from one another that, when the pressure in
the balancing cavity is reduced to a certain level, the
at least one first and the at least one second perma-
nent magnets start repelling one another and thus
prevent mechanical contact between the balancing
disc and its counter member.

[0015] Other characteristic features of the present in-
vention become apparent in the appended dependent
claims.

[0016] The presentinvention brings about the following
advantages over the prior art balancing means

e does not add the length of the pump,

* insensitive to changes in temperature by placing the
thrust compensation to such a position that changes
in temperature do not have any effect in the risk of
mechanical contact,

e does not prevent the thin axial gap from automati-
cally adjusting in accordance with the pump opera-
tion,

* simplifies the dimensioning of the thrust compensa-
tion system, as there are no space or temperature
demands,

* no mechanical contact between the balancing disc
and its counter member, possibilities to modular pro-
duction and selling as an accessory,

e no orvery small fluctuations in the power consump-
tion, and

* lower power consumption than traditional disc-type
balancing means, as mechanical contact between
the balancing disc and its counter member, while
starting and stopping the pump, is avoided.

Brief Description of Drawings
[0017] The present invention is discussed more in de-

tail below with reference to the accompanying drawings,
in which
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Fig. 1 illustrates schematically, and in an axial cross
section, a prior art multi-stage centrifugal pump in-
cluding disc-type balancing means;

Fig. 2 illustrates in more detail the prior art balancing
means of Figure 1,

Fig. 3 illustrates how the prior art balancing means
of Fig. 2 are replaced with improved balancing
means in accordance with a first preferred embodi-
ment of the present invention;

Fig. 4 illustrates in more detail the improved balanc-
ing means in accordance with the first preferred em-
bodiment of the present invention; and

Fig. 5 illustrates in more detail the improved balanc-
ing means in accordance with a second preferred
embodiment of the present invention.

Detailed Description of Drawings

[0018] Figure 1 illustrates an axial cross section of a
prior art multi-stage centrifugal pump having a casing 10
with an inlet 12 and an outlet 14, the casing 10 housing
a plurality of, here four, impellers 16 attached on a shaft
18 for rotation therewith and a balancing means 20.

[0019] Figure 2illustrates schematically an axial, more
detailed cross section of the balancing means 20 and the
end part of the prior art centrifugal pump. Here the prior
art balancing means 20 is formed of a balancing disc 22
attached on the shaft 18 for rotation therewith. In con-
nection with the balancing disc 22 there may be a sepa-
rate sleeve or the balancing disc may be provided with
an integrated axial extension, i.e. a cylindrical sleeve 24,
either one of the sleeves extending from the disc up to
the hub of the impeller. The balancing means 20 further
comprises a counter member 28 extending from the
pump casing 10 radially inwardly between the balancing
disc 22 and the impeller. The counter member 28 may
be either the rear wall of the centrifugal pump or a specific
part attached thereto. In more general terms, the counter
member is a part of the casing of the centrifugal pump
or a specific part attached thereto. The balancing disc 22
has an outer circumference immediately inside of which
athin gap 32 is arranged between the balancing disc 22
and its counter member 28 (here in this embodiment the
counter ring 34 is the part of the counter member 28
facing the balancing disc 22). Radially inside of the thin
gap 32thereis a balancing cavity 30 between the counter
member 28 and the balancing disc 22. In operation, a
part of the pumped liquid enters along the shaft or shaft
sleeve to the balancing cavity 30 between the balancing
disc 22 and its counter member 28 and passes the thin
gap 32 and, in normal operating conditions, the pressure
conditions in the balancing cavity 30 keep the gap 32
open and prevent any mechanical contact between the
surfaces of the balancing disc 22 and its counter member
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28. Usually, the above mentioned surfaces are, at the
area of the thin gap 32, specifically designed, i.e. coated
or otherwise finished, slide surfaces that take into ac-
count the momentary mechanical contact of the surfaces
while starting or stopping the pump.

[0020] However, to prevent the mechanical contact in
abnormal operating conditions the prior art, i.e. US-A-
5,613,831, proposes a pressure compensation system
40 comprising a first set 42 of permanent magnets ar-
rayed around and attached to a circular disc 44 arranged
to the free end of the shaft 18 and a second set 46 of
permanent magnets arrayed on a cylindrical extension
48 of the pump housing at the shaft opening and facing
the first set 42 of permanent magnets. The second set
46 of permanent magnets magnetically attracts the first
set 42 of permanent magnets to hold the pump shaft 18
at a fixed position along the major axis of the shaft with
respect to the pump housing. Upon rotation of the shaft
generating the axial thrust along the major axis of the
shaft, the first set 42 of permanent magnets and the sec-
ond set 46 of permanent magnets oppose movement of
the shaft 18 along the major axis of the shaft with respect
to the housing 10. However, as discussed already earlier,
the permanent magnet arrangement of prior art occupies
space and is not able to take into account possible chang-
es in the temperature of the liquid to be pumped, and
also ofthe shaftof the pump. Furthermore, the permanent
magnets used in the manner described above prevent
the thin gap from adjusting automatically as a function of
the pressure in the balancing cavity, as the magnets aim
at keeping the shaft immobile in axial direction.

[0021] Figs. 3 and 4 illustrate how the prior art balanc-
ing means of Fig. 2 are replaced with improved balancing
means 50 in accordance with a first preferred embodi-
ment of the present invention. In the improved balancing
means 50 the pressure compensation system 52 is ar-
ranged in connection with the balancing means 50. In
the illustrated first preferred embodiment of the present
invention both the balancing disc 54 and its counter mem-
ber 56 are provided radially inside the slide surfaces of
the thin gap 32 at the sides of the balancing cavity 30
with annular grooves 58 and 58" (Fig. 3) or an annularly
arranged series of depressions that face one another.
The grooves or depressions are provided with permanent
magnets 60 and 62 (Fig. 4) such that either the north or
south poles thereof face one another. In another words,
the magnets are positioned in relation to one another
such that they repel one another. The annular grooves
58’ and 58" or depressions are covered by lids 64’ and
64", preferably fastened and sealed to the balancing disc
54 and its counter member 56, i.e. sealed from the bal-
ancing cavity 30 by means of O-rings, for instance, such
that the liquid to be pumped cannot get into contact with
the magnets. As a further variant of the present invention
the grooves or depressions may be replaced with sepa-
rate annular or sector-shaped "cups", manufactured of
appropriate material, into which the permanent magnets
are positioned whereafter the "cups’ are fastened, for in-
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stance by means of screws, on at least one of the bal-
ancing disc and its counter member. In other words, the
"cups" may be positioned such that they face permanent
magnets positioned in grooves or depressions on one of
the balancing disc and the counter member, or such that
they face one another.

[0022] Figure 5 illustrates the pressure compensation
system in accordance with a second preferred embodi-
ment of the present invention. Here the permanent mag-
net 60 and its lid 64’ arranged in connection with the
balancing disc are equal to that shown in Figure 4. The
permanent magnet 62" in the counter member 56 is ar-
ranged in a slightly different manner, as the permanent
magnet/s 62" is/are inserted in its annular groove 58 or
in their depressions from the direction of the axis of the
pump. The annular groove 58 is or the depressions are
covered by means of a lid 64" or lids.

[0023] The pressure or thrust compensation system is
designed such that the distance from the magnet 60 to
the surface of the balancing disc and the distance from
the magnet 62’ or 62" to the surface of the counter mem-
ber is as short as possible, preferably of the order of one
or afew millimeters. In the embodiment of Fig. 4 it equals
to the thicknesses of the lids 64’ and 64". And in the
embodiment of Fig. 5 the thickness of the lid 64’ and that
of the land area between the groove 58 or the depres-
sions and the balancing cavity 30. The same dimension
applies, naturally, to the thickness of the bottoms of
the "cups" discussed above. As to the material of the lids
or cups, the major issues are that the material is strong
or thick enough to endure mechanical stresses subjected
thereto, it is water-tight such that the liquid to be pumped
does not enter the cavity where the magnets are and it
is insensitive to corrosion either in itself or by means of
a coating applied thereon.

[0024] Asiswell-knowninthe artthe pair of permanent
magnets function such than when either the south poles
or the north poles thereof are facing one another the mag-
nets repel each other. The repelling action starts at a
certain distance between the magnets and the force the
magnets repel each other grows exponentially when the
distance between the magnets decreases further. There-
fore, itis not only the thicknesses of the lids or the lid and
the land area that matter but also the distance between
the balancing disc and its counter member (thickness of
the balancing cavity 30). Thus, the sum of the three thick-
nesses or distances have to be taken into account when
choosing the permanent magnets to result in the desired
function. In other words, the thickness of the balancing
cavity may be designed smaller than in prior art balancing
means.

[0025] The thrust compensation system of the present
invention allows the floating of the pump shaft on its slide
bearings such that the axial clearance of the balancing
means may be adjusted automatically, i.e. just as the
basic operation principle of disc type balancing means
is, as long as there is sufficient pressure in the balancing
cavity. However, when the pressure is lower than need-
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ed, i.e. while, for instance, starting or stopping the pump,
the thrust compensation system of the present invention
prevents the mechanical contact between the balancing
disc and its counter member. This is opposite to the
teachings of the US-A-5,613,831 where the thrust com-
pensation system resists the axial movement of the shaft
immediately after the shaft tends to move out of the rest
position of the magnets. In other words, in the construc-
tion of the US-A-5,613,831 the thrust compensation sys-
tem and the balancing means interfere in the functions
of one another even though suchis, in practice, not need-
ed.

[0026] The material for the permanent magnets may
be chosen to correspond to the temperature require-
ments the liquid to be pumped subjects to the pump and
the materials used. For the highest temperatures Samar-
ium Cobolt (SmCo) magnets are applicable. The mag-
nets used in the present invention may be formed as
continuous magnet rings facing one another, magnet
segments facing one another or as a magnet ring facing
to a number of magnet segments. Also, the magnets may
be divided in radial direction into several magnet rings or
as several magnet segments.

[0027] While the invention has been described herein
by way of examples in connection with what are, at
present, considered to be the most preferred embodi-
ments, it is to be understood that the invention is not
limited to the disclosed embodiments, but is intended to
cover various combinations or modifications of its fea-
tures, and several other applications included within the
scope of the invention, as defined in the appended
claims. The details mentioned in connection with any em-
bodiment above may be used in connection with another
embodiment when such combination is technically fea-
sible.

Claims

1. A centrifugal pump, comprising a pump casing (10)
with an inlet (12) and an outlet (14), a shaft (18)
sealed and mounted with bearings to the pump cas-
ing (10), at least one impeller (16) fastened on the
shaft (18) for rotation therewith and a means (20,50)
for balancing axial forces the balancing means (20,
50) comprising a balancing disc (22, 54) fastened on
the shaft (18) for rotation therewith and having an
outer circumference, and a stationary counter mem-
ber (28, 56) arranged in connection with the pump
casing (10); the balancing disc (22, 54) and the coun-
ter member (28, 56) leaving therebetween radially
inwardly from the outer circumference a thin gap (32)
and radially inwardly thereof a balancing cavity (30),
characterized in at least one first permanent mag-
net (60) arranged in connection with the balancing
disc (54) and at least one second permanent magnet
(62’, 62") arranged in connection with the counter
member (56), the at least one first and the at least
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one second permanent magnets (60; 62’, 62") facing
one another such that either the north poles or the
south poles of the permanent magnets (60; 62°, 62")
face each other.

The centrifugal pump in accordance with claim 1,
characterized in the balancing disc (54) being pro-
vided with an annular groove (58’) or a series of de-
pressions for the atleast one first permanent magnet
(60) and the counter member (56) being provided
with an annular groove (58", 58") or a series of de-
pressions for the at least one second permanent
magnet (62’, 62").

The centrifugal pump in accordance with claim 2,
characterized in the grooves (58’; 58", 58™) or a
series of depressions being provided with lids (64’;
64", 64™).

The centrifugal pump in accordance with claim 3,
characterized in the grooves (58’; 58", 58™) or a
series of depressions being sealed from the balanc-
ing cavity (30).

The centrifugal pump in accordance with claim 2,
characterized in that the annular grooves (58’, 58",
58"™) or a series of depressions for the at least one
firstand the atleast one second permanent magnets
(60, 62, 62") are located at sides of the balancing
cavity (30) radially inside the thin gap (32).

The centrifugal pump in accordance with any one of
the preceding claims, characterized in that the at
least one first and the atleast one second permanent
magnets (60, 62’, 62") are formed of continuous an-
nular rings.

The centrifugal pump in accordance with any one of
the preceding claims, characterized in that the at
least one first and the atleast one second permanent
magnets (60, 62°, 62") are formed of a number of
segments.

The centrifugal pump in accordance with any one of
the preceding claims, characterized in that one of
the at least one first and the at least one second
permanent magnets (60, 62’, 62") is formed of an
annular ring and the other of the atleast one firstand
the atleast one second permanent magnets (60, 62’,
62") is formed of a number of segments.

A balancing disc for a centrifugal pump, the balanc-
ing disc having an outer circumference and radially
inwardly thereof an annular slide surface, charac-
terized in the balancing disc (54) being provided with
at least one permanent magnet (60) radially inside
the annular slide surface.
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Abalancing disc as recited in claim 9, characterized
in the balancing disc (54) being provided, radially
inside of the annular slide surface, with an annular
groove (58’) or with a series of annularly arranged
depressions into which the at least one permanent
magnet (60) is positioned.

A balancing disc as recited in claim 10, character-
ized in the annular groove (58’) or the series of an-
nularly arranged depressions being provided with a
lid (64’) fastened and sealed to the balancing disc
(54).

A method of balancing an axial thrust of a centrifugal
pump, the centrifugal pump comprising a pump cas-
ing with an inlet (12) and an outlet (14), a shaft (18)
sealed and mounted with bearings to the pump cas-
ing (10), at least one impeller (16) fastened on the
shaft (18) for rotation therewith and a means (20, 50)
for balancing axial forces the balancing means (20,
50) comprising a balancing disc (22, 54) fastened on
the shaft (18) for rotation therewith and having an
outer circumference, and a stationary counter mem-
ber (28, 56) arranged in connection with the pump
casing (10); the balancing disc (22, 54) and the coun-
ter member (28, 56) leaving therebetween radially
inwardly from the outer circumference a thin gap (32)
and radially inwardly thereof a balancing cavity (30),
the method comprising the step of:

« providing the balancing disc (54) with at least
one first permanentmagnet (60) and the counter
member (56) with at least one second perma-
nent magnet (62’, 62")

« arranging the at least one first and the at least
one second permanent magnets (60; 62°, 62")
in relation to one another such that either their
north poles or their south poles face one anoth-
er,

« arranging the at least one first and the at least
one second permanent magnets (60; 62°, 62")
in such an axial distance from one another that,
when the pressure in the balancing cavity (30)
is reduced to a certain level, the at least one first
and the at least one second permanent magnets
(60;62’,62") startrepelling one another and thus
prevent mechanical contact between the bal-
ancing disc (54) and its counter member (56).
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