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(57) Abstract: A separating disc (20) adapted to be
included in a disc package (19) of a centrifuge rotor
(5) of a centrifugal separator adapted for separation of
components in a supplied medium. The separating
disc (20) extends around an axis of rotation (x) and
has a tapering shape along the axis of rotation (x). The
separating disc (20) further comprises a plurality of
distance members (25), wherein each distance member
(25) is formed by a pressed marks extending radially.
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rangement (27) comprising a number of index posi-
tions for providing indexing of the separating disc
(20) in the disc package (19) in a rotational position.
The number of index positions is different than the
number of the plurality of distance members (25).
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SEPARATING DISC FOR CENTRIFUGAL SEPARATOR AND DISC
PACKAGE COMPRISING SUCH SEPARATING DISCS

AREA OF INVENTION

The present invention involves a separating disc adapted to be included in a
disc package of a centrifuge rotor of a centrifugal separator adapted for separation of
components in a supplied medium, and such a disc package, wherein the separating
disc extends around an axis of rotation and has a tapering shape along the axis of

rotation.

BACKGROUND OF INVENTION

Conventionally, separating discs for disc packages in centrifuge rotors are
manufactured through pressure turning of plane discs to a desired tapering shape,
often a conical shape. The distance elements, which define the distance between the
separating discs in the disc package, are normally formed by loose flat elements which
are attached to the outer surface of the separating discs through spot welding. This
method of manufacturing is expensive and time-consuming. It has also been proposed
to use different press methods such as deep-drawing, pressing between fixed tools,

hydroforming, flow forming etc., to form a plane blank to the desired tapering shape.

Example of discs manufactured through this manufacturing method can be
found in WO,A,2010/39094. On these discs the distance elements are formed in the
pressing process as protrusions extending away from the inner surface and/or the
outer surface of the conical disc by the pressing tool. In the above-mentioned
document is also disclosed a disc stack comprising a plurality of such discs which will
be more or less identical. The discs are stapled on each other in such a manner that
the caulks are stacked on each other axially. It is always a risk that a flaw in the
material or the pressing processor variations of the thickness of discs will lead to
imbalances of the discs stack because those imperfections will be situated in the same

rotational position.

DISCLOSURE OF INVENTION

The object of the present invention is to reduce the risk of imbalances in the

disc stack comprising pressed discs due to imperfections.
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This object is achieved by the separating disc initially defined, which is
characterized in that the separating disc comprises a plurality of distance members,
wherein each distance member is formed by a pressed mark extending radially, and
wherein the disc is provided with a guiding arrangement comprising a number of index
positions for providing indexing of the disc in the disc package in a rotational position,
and wherein the number of index positions are different than the number of the plurality

of distance members and wherein the number of index positions are 8-25.

Thanks to such indexing of the separating discs in the disc stack it is also
possible to achieve a more even separation operation due to a more even distribution
around the circumference of the disc package of deviations and flaws of the individual

discs.

A further advantage of the invention is that a relatively smaller part of the disc
surface is covered with caulks compared to a conventional disc. It is estimated that 5%
of the surface of a conventional disc is covered with caulks and on a disc according to
the invention less than 1% is covered. This means that a separator equipped with such

discs may process 4% more fluid at a given separation rate.

Due to the fact that the discs are pressed it is possible to keep the production

costs down and it is possible to manufacture a large number of identical discs.

To achieve an even abutment of the pressed mark on an adjacent separating

disc the pressed marks may exhibit different forms.

The number of the distance members may be one less or one more than the

number of index positions.

The pressed marks may form upwards steps in the outer surface. The steps
may have a staircase-shaped cross-section and the surface area between two pressed

marks may be slanting. The steps may have a z-shaped cross section.

The pressed marks may be ridges on or ditches in the outer surface extending

radially.
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The guiding arrangement may also be achieved in different embodiments.

The separating disc may have a central hole for mounting on a rotating
member, wherein the guiding arrangement comprises radial recesses extending from

the circumference of said central hole.

The separating disc may have a central hole for mounting on a rotating
member, wherein the guiding arrangement comprises holes, indentations or elevations

along the rim of the central hole.

The separating disc may have a central hole for mounting on a rotating
member, and wherein the guiding arrangement comprises the central hole which is

formed by the same number of sides as there are index positions.

The separating disc may comprise a plurality of inlet holes.

The separating disc may have a cone shape having generatrices and the

distance members may be curved or inclined in relation to the generatrix.

The object is also achieved by the disc package initially defined wherein each
separating disc comprises a plurality of distance members extending radially, wherein
each distance member is shaped by a pressed mark extending radially, wherein a disc
is rotationally displaced in relation to its adjacent discs so that spaces are formed
between the discs in the stack, wherein the height of said spaces is defined by the
pressed marks, wherein the rotational displacement is provided by a guiding
arrangement (27) in each separating disc (20) comprising a number of index positions,
wherein the number of index positions are different to the number of the plurality of
distance members (25), and wherein two adjacent separating discs (20) are rotationally
displaced at least one index position to each other and wherein the number of index

positions are 8-25.

The number of the distance members may be one less or one more than the

number of index positions.
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A rotational displacement may be 0.5° - 5° which corresponds to a dislocation
of one radial recess if there are 8 — 25 radial recesses around the circumference of the

central hole.

Each of the plurality of separating discs may be displaced the same number of

index positions in the same direction in relation to an adjacent disc in the disc package.

Further aspects of the invention are apparent from the dependent claims and

the description.

BRIEF DESCRIPTION OF THE DRAWINGS

Further objects, features and advantages will appear from the following
detailed description of several embodiments of the invention with reference to the

drawings, in which:

Fig. 1 discloses a partly sectional side view of a centrifugal separator with a

centrifuge rotor.

Fig. 2 discloses a view from above of a separating disc of the disc package.

Fig. 3 discloses a perspective side view of a disc package of a first

embodiment.

Fig. 4 discloses a perspective side view of a section of the disc package.

Fig. 5 discloses a perspective side view of a section of a different embodiment

of the disc package.

DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1 discloses a centrifugal separator which is adapted for separation of at
least a first component and a second component of a supplied medium. The disclosed
centrifugal separator is disclosed as an example and the configuration thereof may be
varied. The centrifugal separator comprises a frame 1, which may be non-rotatable or
stationary, and a spindle 2 which is rotably journalled in an upper bearing 3 and a lower

bearing 4. The spindle 2 carries a centrifuge rotor 5 and is arranged to rotate together
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with the centrifuge rotor 5 around an axis x of rotation in relation to the frame 1. The
spindle 2 is driven by means of a drive member 6 which is connected to the spindle 2
in a suitable manner in order to rotate the latter at a high velocity, for instance via a
drive belt 7 or a gear transmission, or through direct drive, i.e. the rotor (not disclosed)
of the drive member 6 is directly connected to the spindle 2 or the centrifuge rotor 5. It
is to be noted here that elements having the same function has been provided with

identical reference signs in the various embodiments to be described.

The centrifugal separator may comprise a casing 8 which is connected to the
frame 1 and which encloses the centrifuge rotor 5. Furthermore, the centrifugal
separator comprises at least one inlet 9, which extends through the casing 8 and into a
separation space 10 which is formed by the centrifuge rotor 5 for feeding of the
medium to be centrifuged, and at least a first outlet for discharge from the separation
space 10 of the first component which has been separated from the medium and a
second outlet for discharge from the separation space 10 of the second component

which has been separated from the medium.

In the separation space 10, there is a disc package 19 which rotates with the
centrifuge rotor 5. The disc package 19 comprises or is assembled of a plurality of
separating discs 20 which are piled or stacked onto each other in the disc package 19.
Each separating disc extends around the axis x of rotation and rotates around the axis

x of rotation in a direction R of rotation.

Each separating disc 20 extends along a rotary symmetric, or virtually rotary
symmetric, surface which tapers along the axis x of rotation, and has a tapering shape
along the axis x of rotation with an outer surface 21, which is convex, and an inner
surface 22, which is concave. The tapering shape of the separating discs 20 may also
be conical or substantially conical, but it is also possible to let the tapering shape of the
separating discs 20 have a generatrix which is curved inwardly or outwardly. The
separating discs 20 thus have an angle a of inclination in relation to the axis x of
rotation. The angle a of inclination may be 20-70°. Each separating disc 20 also has an
outer edge 23 along the radially outer periphery of the separating disc 20 and an inner
edge 24 which extends along the radially inner periphery of the separating disc 20 and

defines a central opening of the separating disc.
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Between the separating discs 20, there are distance members 25 which are
provided on the outer surface 21 and/or the inner surface 22 and arranged to ensure
the formation of an interspace 26 between adjacent separating discs 20 in the disc
package 19. The separating discs 20 have a central hole 29 and may be thread around
a so called distributor 28. The separating discs 20 are compressed against each other
in the disc package 19 with a pre-tensioning force in such a way that the distance
members 25 of a separating disc abut sealingly an adjacent separating disc 20. The
separating discs 20 may also be fixedly connected to each other, for instance through

brazing.

The tapering shape of the separating discs 20 has been provided through
pressing of a blank of a material against a tool part. The material may be any pressable
material, for instance metal material, such as steel, aluminium, titanium, various alloys
etc,, and also suitable plastic materials. It is to be noted, however, that the separating
discs 20 as a consequence of such a pressing may obtain a thickness that varies with

the distance from the axis x of rotation.

The distance members 25 are as is disclosed more closely in Figs. 4 and 5
formed by pressed marks extending radially thus dividing the disc surface into sectors.
The distance members 25 are forming upward steps in the outer surface such that
following a disc 20 in a rotational direction each distance member 25 is forming an

upward step (or a downward step if the rotation is reverted).

Each step has a staircase-shaped cross-section. The step set-off is slightly
slanting in the direction of rotation towards the next upward step. Preferably, the
slanting may be 1-3°, more preferably around 2°. The step may have a z-shaped cross-

section, where the angle between the “legs” of the “z” is less than 90°.

Instead of steps the pressed marks may form ridges on or ditches in the outer

surface extending radially.

The distance members 25 may extend straight radially along the surface of

the separating disc or be slightly curved and/or inclined.
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Each disc 20 comprised in the disc package 19 are rotationally displaced in
relation to its adjacent discs 20. This is effectuated by providing each disc with a
guiding arrangement comprising a number of index positions for providing indexing of
the discs in the disc package in a rotational position. The number of index positions is
different than the number of the plurality of the distance members. The number of
index positions is preferably one less or one more than the number of the distance

members.

In Fig. 3 is disclosed a package of separating discs 20 stacked on each other
having a central hole 29 for mounting on a distributor 28 or another rotating member.
The separating discs 20 is provided with a guiding arrangement which comprises radial
recesses or notches 27 extending from the circumference of said central hole 29 which

is schematically disclosed in Fig. 2.

The radial recesses are preferably evenly distributed along the circumference
of the central hole 29 and are in number different than the number of distance
members 25. In fig. 3 the number of notches 28 is 20 and the number of distance
members 25 is 19. The radial recesses cooperate with axial members e.g. ridges

arranged on the rotating member e.g. the distributor 28.

To provide a rotational displacement of corresponding distance members of
two adjacent discs 20, one of the discs 20 has to be dislocated at least one “notch” i.e.
one radial recess. If for instance the number of distance elements 25 is as in fig. 3 19
and the number of radial recesses are 20 the rotational displacement between two

adjacent discs 20 will be

a =360°/19 — 360°/20 = 0.95°

if a separating disc 20 is dislocated one radial recess. The rotational displacement is
dependent on the number of radial recesses. A preferred displacement would be 0.5° -
5° which corresponds to a dislocation of one radial recess i.e. index position, if there
are 8 — 25, preferably 16 - 25 radial recesses around the circumference of the central
hole. More preferably a displacement of 0.5° - 1.5° would be, corresponding to 16 — 25

radial recesses.
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If an upper separating disc is dislocated one radial recess in the direction of
the upward steps in relation to an adjacent lower separating disc broad gap-like
separation spaces are provided in the interspace between the two separating discs
forming together forming a separation area and the contact surface area between the
two separating discs are minimized. The height of said separation spaces is defined by

said pressed marks.

Along the circumference of the central hole 29 radially outwards of the
notches 28 but inwards of the separation area there may be further distance members
30 fixing the distance between the separating discs 20 of the disc package 19. These
distance members 30 may also be pressed marks supporting the separating discs 20
on said distributor 28 and each other. These distance members 30 may be arranged in
every sector as in fig. 3 or every other sector and their aim is to absorb at least part of
the force with which the disc package compressed with so that the distance elements

25 will not deform the surfaces of the separating discs 20.

It is possible to provide a modified z-shape of the pressed marks as a ridge so
that the contact surfaces of the distance members will be formed as lines thus

maximizing the area of the interspaces 26 useable as separation area.

In one embodiment of a separating disc the guiding arrangement comprises
holes, indentations or elevations along the rim of the central hole of the separating disc
20. These holes, indentations or elevations are adapted to cooperate with
corresponding holes, indentations or elevations on adjacent separating discs in the

same manner previously described.

In another embodiment of the separating disc the guiding arrangement
comprises the central hole which is formed by the same number of sides as there are
index positions adapted to cooperate with a rotating member having the same number

of sides.

The separating discs 20 may comprise a plurality of inlet holes which due to
displacement of a separating disc the same number of index positions in the same
direction in relation to its adjacent discs form an inlet channel which is not axial, which

would be the case if the separating discs were stacked on each other without
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dislocation, but winding or spiral-formed. The inlet channel may instead comprise of

circumferential inlet slots at the rim of the separating discs 20.

The invention is not limited to the embodiments described above and shown
5 on the drawings, but can be supplemented and modified in any manner within the

scope of the invention as defined by the enclosed claims.
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CLAIMS

. A separating disc (20) adapted to be included in a disc package (19) of a

centrifuge rotor (5) of a centrifugal separator adapted for separation of
components in a supplied medium,

wherein the separating disc (20) extends around an axis of rotation (x) and has a
tapering shape along the axis of rotation (x) with an inner surface and an outer
surface,

wherein the separating disc (20) comprises a plurality of distance members (25),
wherein each distance member (25) is formed by a pressed mark extending
radially,

and wherein the separating disc (20) is provided with a guiding arrangement (27)
comprising a number of index positions for providing indexing of the disc in the
disc package in a rotational position,

and wherein the number of index positions are different than the number of the
plurality of distance members (25), and wherein the number of index positions
are 8-25.

. A separating disc according to claim 1, wherein the number of distance members

is one less or one more than the number of index positions.

. A separating disc according to one of claims 1 or 2, wherein the pressed marks

form upward steps in the outer surface.

. A separating disc according to claim 3, wherein a step has a staircase-shaped

cross-section and wherein the surface area between two pressed marks are

slanting.

. A separating disc according to claim 3, wherein the step has a z-shaped cross-

section.

. A separating disc according to claim 1, wherein the pressed marks are ridges on

or ditches in the outer surface extending radially.

A separating disc according to one of claims 1-6, wherein the separating disc

(20) has a central hole for mounting on a rotating member, and wherein the
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10.

11.

12.

guiding arrangement comprises radial recesses extending from the

circumference of said central hole.

A separating disc according to one of claims 1-6, wherein the separating disc has
a central hole (29) for mounting on a rotating member (2), and wherein the
guiding arrangement (27) comprises holes, indentations or elevations along the

rim of the central hole (29).

A separating disc according to one of claims 1-6, wherein the separating disc
has a central hole (29) for mounting on a rotating member (2), and wherein the
guiding arrangement (27) comprises the central hole (29) which is formed by the

same number of sides as there are index positions.

A separating disc according to one of claims 1-9, wherein the separating disc

(20) comprises a plurality of inlet holes.

A separating disc according to one of claims 1-10, wherein the separating disc
(20) have cone shape having generatrices and the distance members (25) are

curved or inclined in relation to the generatrix.

A disc package (19) for a centrifuge rotor (5) of a centrifugal separator adapted
for separation of components in a supplied medium and comprising a plurality of
separating discs (20) according to one of the claims 1-11, which are stacked on
each other in the disc package (19),

wherein each separating disc (20) extends around an axis of rotation (x) and has
a tapering shape along the axis of rotation (x) with an inner surface and an outer
surface,

wherein each separating disc (20) comprises a plurality of distance members (25)
extending radially, wherein each distance member (25) is shaped by a pressed
mark extending radially,

wherein a separating disc (20) is rotationally displaced in relation to its adjacent
discs (20) so that spaces (26) are formed between the discs (20) in the disc
package (19), wherein the height of said spaces (26) is defined by the pressed
marks,

wherein the rotational displacement is provided by a guiding arrangement (27) in

each separating disc (20) comprising a number of index positions,
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wherein the number of index positions is different to the number of the plurality of
distance members (25), and wherein two adjacent separating discs (20) are
rotationally displaced at least one index position to each other, and wherein the

number of index positions are 8-25.

A disc package according to claim 12, wherein the number of the distance

members is one less or one more than the number of index positions.

A disc package according to one of claims 112 or 13, wherein the rotational
displacement is 0.5° - 5°, which corresponds to a dislocation of one radial recess
if there are 8 — 25 radial recesses around the circumference of the central hole
(29).

A disc package according to one of claims 112-14, wherein each of the plurality
of separating discs (20) is displaced the same number of index positions in the

same direction in relation to an adjacent disc (20) in the disc package (19).
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