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(57) Abstract

The invention refers to a
support device (6) for a spindle,
which carries a centrifuge rotor of
a centrifugal separator and which
is provided in a frame member by
means of a bearing member to be
rotatable about an axis of rotation.
The support device (6) comprises
at least three support members (8)
which are arranged to absorb rela-
tive movements between the cen-
trifuge rotor and the frame mem-
ber and which each is provided
between the bearing member and
the frame member and has a lon-
gitudinal axis (s) extending out-
wardly with respect to the axis of
rotation. Each support member
(8) comprises a helical spring el-
ement (10), having a wire extend-
ing in an essentially helical path
in such a manner that a space is
formed between adjacent rounds
of the wire. In order to increase
the stiffness of the support mem-
bers (8) and to provide a damp-
ening of the relative movements,
each support member (8) com-
prises a rubber material (12) pro-
vided at least in said spaces.
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A support device
THE BACKGROUND OF THE INVENTION AND PRIOR ART

The present invention refers to a support device for a spindle, which
carries a centrifuge rotor of a centrifugal separator and which is
provided in a frame member by means of a bearing member to be
rotatable about an axis of rotation, wherein the support device
comprises at least three support members, which are arranged to
absorb relative movements between the centrifuge rotor and the
frame member and which each is provided between the bearing
member and the frame member and has a longitudinal axis
extending outwardly with respect to the axis of rotation, wherein
each support member comprises a helical spring element, having a
wire extending in an essentially helical path in such a manner that a
space is formed between adjacent rounds of the wire.

Conventional spindle support devices for centrifugal separators are
mainly of two different kinds, namely support devices, in which
helical springs apply a force to oscillation-dampening friction
buffers, and support devices, which are constructed by resilient
rubber elements producing a dampening effect by inner friction.

Such known support devices comprises many components, which
make them complicated and expensive. The dampening properties
of the friction buffers as well as of the rubber elements are difficult
to calculate. On the friction dampening surfaces coatings (coke) are
formed, which change the dampening properties and result in a
great risk for jamming. In the friction buffers, wearing particies are
formed, which reduce the lifetime of the support device. The
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conduct of heat is insufficient in these known support devices, since
rubber has a low heat conductivity and the friction surfaces of the
friction buffers deteriorate the conduct of heat.

WO089/10794 discloses an example of such a known support device
for a centrifugal separator having a centrifuge rotor which is
rotatable in a frame member by means of a bearing member. The
support device comprises a number of support members extending
radially outwardly from the bearing member and which each
encloses a helical spring element. Consequently, these support
members are arranged to permit relative radial movements between
the centrifuge rotor and the frame member by being compressed in
a respective space of the frame member. The helical spring
elements thereby act on a piston movable in the space and abutting
the outer wall of a bearing housing. By means of the spring
constant of the helical spring elements, a certain stiffness of the
known support device is obtained, which together with the resiliency
of, for instance, the rotor spindie, determines the critical number of
revolutions of the centrifuge rotor. In centrifugal separators, the
helical springs of this type have to be dimensioned to the frequently
very high stresses and fatigue risks to which they are subjected.
The dampening of the radial movements is obtained by means of
the friction which arises between the piston and its contact
surfaces, in particular the outer wall of the bearing housing. The
friction which arises results, in addition to the dampening of the
relative movements, also in the generation of heat. Such a heat
generation is not desirable and forces the bearing to operate at a
relatively high temperature, which reduces the lifetime of the
bearing. Another problem is that the arrangement of moving pistons
is rather space requiring. Such a space may be difficult to provide
for the support device in a centrifugal separator, in particular
outside the so-called necte bearing. In addition, these known
support devices have a rather complicated construction, which of
course makes the manufacture and the mounting labour demanding
and expensive. In addition, it is difficult to conduct heat away from
the bearing member.
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SUMMARY OF THE INVENTION

The object of the present invention is to provide a support device,
which from a construction point of view is less complicated than the
support devices known up to now and by which the problems
mentioned above may be remedied. In particular, it is aimed at a
support device offering an optimal stiffness and concurrently an
optimal dampening of the relative movements between the
centrifuge rotor and the frame member.

This object is obtained by the support device initially defined, which
is characterized in that each support member comprises a rubber
material provided at least in said space and arranged to increase
the stiffness of the support member and at the same time to provide
a dampening action of the support member. By such a support
member, a desired stiffness may be obtained by dimensioning the
helical spring elements in combination with the design and choice of
hardness of the rubber material. Since the stiffness determines the
critical number of revolutions of the centrifuge rotor, one may by
this design of the support device obtain a desired critical number of
revolutions. A suitable level of the dampening of the relative
movements may be obtained by dimensioning the rubber material
between the wire rounds of the helical spring element, i.e. the
rubber material is, according to the invention, arranged in such a
manner that it has a dampening effect to said relative movements.
The incompressible rubber material will thereby be subjected to
alternatively compression, expansion and therebetween
inhomogeous loads due to shearing or bending of the helical spring
element and the rubber material. By providing a rubber material in
this manner in the spaces of the helical spring element, a high
stiffnress may be obtained by means of smaller helical springs
without any risk for overioad and/or fatigue. The inner friction, which
dampens the oscillating movements, generates heat which is
uniformly distributed and conducted by the helical spring element.
In comparison with previously known, similar support devices, a
support device designed in this manner is space saving.
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According to the invention, a desired dampening may be obtained
by providing rubber material merely in the space between the wire
rounds. According to an embodiment of the invention, the wire is,
however, at least partly embedded in the rubber material. In such a
manner, the dampening effect of the rubber material may be
increased and according to another embodiment, the dampening
effect may be further increased by embedding substantially the wire
in the rubber material.

According to a further embodiment of the invention, the wire is
manufactured in a spring material, wherein the spring material is
fixedly connected to the rubber material. In such a manner, the
rubber material is forced to follow the movements of the helical
spring element, i.e. the dampening of the rubber material is acting
continuously. Thereby, the spring material may advantageously be
fixedly connected to the rubber material by vulcanisation.

According to a further embodiment of the invention, means are
arranged to enable the pretensioning of the helical spring elements
in the direction of the respective longitudinal axis. Furthermore,
each support member may be provided in a space which is
delimited by a stop member, wherein the stop member may be
positionable in different positions along the longitudinal axis in
order to obtain a variable pretensioning degree of the helical spring
element.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is now to be explained by means of different
embodiments described as examples and with reference to the
drawings attached, in which

Fig 1 discloses schematically a sideview of parts of a centrifugal
separator having a support device according to the invention.

Fig 2 discloses a radial section through the support device
according to a first embodiment of the invention.
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Fig 3 discloses a radial section through a support device
according to a second embodiment of the invention.

Figs 4-10 disclose sectional views of different variants of the
support members of the support device according to the invention.

DETAILED DESCRIPTION OF DIFFERENT EMBODIMENTS

Fig 1 discloses schematically parts of a centrifugal separator having
a vertical spindle 1, which is journalled in a lower bearing 2 and an
upper bearing 3. The lower bearing 2 is arranged to absorb
essentially axial forces acting on the spindle 1 and the upper
bearing 3 is arranged to absorb essentially radial forces acting on
the spindle 1. The spindle 1 carries at its upper end above the
upper bearing 3 a centrifuge rotor 4. The spindle 1 and the
centrifuge rotor 4 are rotatable about an axis x of rotation and
driven in the example disclosed via a screw gear 5 but may of
course also be belt driven.

In the example disclosed, the upper bearing 3 is supported by
means of a support device 6 which is fixedly connected to a
substantially stationary frame member 7 and which comprises six
support members 8 uniformly distributed around the spindie 1, see
also Fig 2, which counteract but permit limited relative movements
between the spindle 1 and the frame member 7. In particular, the
support device 6 is arranged to permit a limited pivoting movement
of the spindle 1, and details connected thereto, such as the
centrifuge rotor 4, and the upper bearing 3 in relation to the frame
member 7. The support device 6 may comprise more or less than
six support members 8.

Each of the support members 8 has a longitudinal axis s which
extends substantially radially with respect to the axis x of rotation.
Each support member 8 is, which appears from Figs 2 and 3,
provided in a space 9 of the support device 6, which space has the
shape of a substantially circular cylindrical hole extending in
essentially the same radial direction as the longitudinal axis s with
respect to the axis x rotation. Furthermore, each support member 8
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comprises a helical spring element 10 which is formed by a wire
extending in an essentially helical path in such a manner that the
wire forms a body of rotation having an axis of rotation coinciding
with the longitudinal axis s. Furthermore, the wire forms a space 11
between adjacent rounds of the wire, see Figs 4-10. The wire is
manufactured in an elastic, resilient material, preferably spring
steel.

According to the invention, each support member 8 comprises a
rubber material 12 extending in at least said spaces 11. Figs 4-10
disclose more closely how the rubber material 12 may be provided
in relation to the helical spring element 10.

In the embodiment disclosed in Fig 6, the rubber material 12 is
substantially merely provided in the spaces 11 between adjacent
rounds of the wire of the helical spring element 10, i.e. the rubber
material forms a tubular body having a wall thickness which is
essentially equal to the thickness of the wire. In the embodiments
according to Figs 5 and 8, the wire is at least partly embedded in
the rubber material 12. In Fig 5, the rubber material 12 extends to
an outer delimiting surface of the body of rotation formed by the
helical spring element 10 and in Fig 8, the rubber material 12
extends to an inner delimiting surface of the body of rotation formed
by the helical spring element 10. In the embodiment disclosed in
Figs 4 and 7, the wire of the helical spring element 10 is completely
embedded in the rubber material 12.

In the embodiments according to Figs 4 and 7, the rubber material
12 consequently forms an essentially complete, full body, which has
an essentially circular cylindrical shape and in which the helical
spring element 10 is completely embedded or enclosed. In the
embodiments according to Figs 6-8, the rubber material forms a
corresponding body having an essential circular cylindrical hole 13
extending through the body in the direction of the longitudinal axis
S.
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In the embodiments according to Figs 9 and 10, the rubber material
12 also forms a complete, full body having an essentially circular
cylindrical shape and being provided with a circular recess 14 in
one of the end surfaces, and with a circular recess 14 in each end
surface, respectively.

In all embodiments according to Figs 4-10, the resilient material of
the wire is fixedly connected to the rubber material 12, preferably
through a vulcanisation process.

As appears from Fig 2, each support member 8 is enclosed in one
of the spaces 9 mentioned above by means of a stop member in the
shape of a screw member 15 which is screwed into a thread of the
space 9. The support member 8 abuts, by its radially outer surface
the screw member 15 and by its radial inner surface the bearing
housing 16 carrying the upper bearing 3. In particular, the radially
inner end of the support member 8 is provided in a recess 17 of the
bearing housing 16. By means of the screw member 15, it is
possible to pretension the helical spring element 10 of the support
member 8 to a desired degree of pretensioning in the direction of
the longitudinal axis s.

In the embodiment disclosed in Fig 3, the radially inner end of each
support member 8 is provided in a piston member 18 which is
displaceable in the recess 9 in the direction of the longitudinal axis
s. The piston member 18 has a front surface 19 which is arranged
to abut a peripheral surface portion 20 of the bearing housing 16.
During the relative movements mentioned above, the front surface
19 will slide on the opposite surface portion 20, wherein the friction
which arises contributes to a further dampening of the relative
movements.

It is to be noted that, as appears from Figs 2 and 3, both the end
rounds of the helical spring element 10 are at least partly in heat
transferring metallic contact with the bearing housing 16 and the
stop member 15 of the support member 8, respectively, which
facilitates the conduct of heat from the support member 8.
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The present invention is not restricted to the embodiments
disclosed but may be varied and modified within the scope of the
following claims.

In the examples disclosed in the figures, the spaces between all the
wire rounds of the helical springs are completely filled with rubber
material. In order to obtain a desired stiffness and a desired
dampening characteristic, it is possible however, within the scope of
the present invention, to fill merely the spaces between a part of the
wire rounds of the helical springs and/or the spaces may only partly
be filled with rubber material.

It is to be noted that although the helical spring elements 10 are
disclosed in the shape of a circular cylindrical helical spring, it is
possible within the scope of the invention to design these springs
as conical helical springs. They may also have a cross-sectional
shape which deviates from a circular shape. Moreover, the cross-
sectional dimension of the wire of the spring element 10 disclosed
in Figs 4-10 is only schematic.

In the embodiments disclosed, the longitudinal axis s of all support
members 8 extend in a common radial plane. However, it is also
possible to provide the support members 8 in such a manner that
the axes s extend in different planes, for instance, in two parallel
radial planes in such a manner that every second support member 8
is associated to one of the planes and every second support
member 8 to the other plane. In such a manner, further space may
be obtained so that more support members 8 than the support
members disclosed in Figs 2 and 3 may be provided, for instance
12 support members 8.
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Claims

1. A support device for a spindle (1), which carries a centrifuge
rotor (4) of a centrifugal separator and which is provided in a frame
member (7) by means of a bearing member (3) to be rotatable
about an axis (x) of rotation, wherein the support device (6)
comprises at least three support members (8), which are arranged
to absorb relative movements between the centrifuge rotor (4) and
the frame member (7) and which each is provided between the
bearing member (3) and the frame member (7) and has a
longitudinal axis (s) extending outwardly with respect to the axis (x)
of rotation, wherein each support member (8) comprises a helical
spring element (10), having a wire extending in an essentially
helical path in such a manner that a space (11) is formed between
adjacent rounds of the wire, characterized in that each support
member (8) comprises a rubber material (12) provided at least in
said space (11) and arranged to increase the stiffness of the
support member (8) and at the same time to provide a dampening
action of the support member (8).

2. A support device according to claim 1, characterized in that the
rubber material (12) is arranged in such a manner that it produces a
dampening effect to said relative movements.

3. A support device according to any one of claims 1 and 2,
characterized in that the wire is at least partly embedded in the
rubber material (12).

4. A support device according to any one of claims 1-3,
characterized in that the wire is substantially embedded in the
rubber material (12).

5. A support device according to any one of the preceding claims,
characterized in that the wire is manufactured in a spring material
and that the spring material is fixedly connected to the rubber
material (12).
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6. A support device according to claim 5, characterized in that the
spring material is fixedly connected to the rubber material (12) by a
vulcanisation.

7. A support device according to any one of the preceding claims,
characterized in that the longitudinal axis (s) of the support

members (8) extends substantially radially with respect to the axis
(x) of rotation.

8. A support device according to any one of the preceding claims,
characterized by means (15) which are arranged to enable a
pretensioning of the helical spring elements (10) in the direction of
the respective longitudinal axis (s).

9. A support device according to any one of the preceding claims,
characterized in that each support member (8) is provided in a
space (9) which is delimited by a stop member (15).

10. A support device according to claim 9, characterized in that the
stop member (15) is positionable in different positions along the
longitudinal axis (s).
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