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(57) ABSTRACT

A seal for a centrifuge for preventing material from leaking
out of an effluent portion into a drive portion where the seal
is disposed between a basket carrier and a drive portion, and
the basket carrier is disposed between the effluent portion
and the drive portion. The seal can also be disposed on a
stiffener, the stiffener disposed between the basket carrier
and the drive portion. A sealing arrangement for a centrifuge
including a contact seal and a labyrinth disc, for preventing
liquid from leaking out of an effluent portion into a product
discharge outlet and for preventing material from entering
into the effluent portion through the product discharge outlet.
Also provided is a centrifuge incorporating the seal and/or
the sealing arrangement.
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CENTRIFUGE SEALS AND SEALING
ARRANGEMENTS AND CENTRIFUGES
CONTAINING THE SAME

FIELD OF THE INVENTION

[0001] The present invention relates to a centrifuge. In
particular, the present invention relates, but is not limited, to
improved seals and sealing arrangements in the regions
between the effluent portion and the drive portion and
between the effluent portion and the product discharge
outlet; and centrifuges incorporating such seals and sealing
arrangements.

BACKGROUND TO THE INVENTION

[0002] Reference to background art herein is not to be
construed as an admission that such art constitutes common
general knowledge in the United States, Australia or else-
where.

[0003] Centrifugal separators are often used for the sepa-
ration of solids and liquids from slurry. For example, U.S.
Pat. No. 6,109,453 and US Patent Application Publication
No. 2014/0217008 A1l show such separators. Such separa-
tors are used e.g. for separating coal solids from a coal slurry
that includes water. These centrifuges typically have an inlet
where slurry is deposited and then conveyed to a rotational
basket. The slurry next traverses the rotational basket, with
the liquids being expelled outwards through the basket and
the solids being carried down tapered sides of the basket.
When solids reach an outermost edge of the basket, the
solids leave the outermost edge of the basket at speed and
strike the walls of an outlet region of the centrifuge. The
solids are then channelled by the walls of the outlet region
to an outlet chute.

[0004] Coarse coal centrifuges, such as the FL.Smidth VM
series, incorporate an opening in the back wall of the
separation housing to allow the drive shaft and flange to pass
through into the effluent portion. This opening often results
in material (e.g. water and fine solids) passing into the drive
portion of the centrifuge leading to maintenance difficulties,
accelerated corrosion and accelerated wear of the critical
drive components that govern the operation of the machine.
US Patent Application Publication No. 2014/0217008 Al
discloses a rubber seal between the separation housing and
the bearing housing. However, such a seal is inefficient.
While that seal prevents material inside the separation
housing from leaking out of the centrifuge, it does not
prevent material from inside the separation housing from
leaking into the drive portion of the centrifuge.

[0005] A solution for reducing the amount of or eliminat-
ing completely, material and liquid contamination around
and into the drive portion is needed to ensure longevity and
to reduce the risk of premature failure of drive components.
However, as machine cost is a critical concern for most
clients when purchasing a centrifuge it is necessary that the
solution is inexpensive to manufacture and quick to install.
Because the system is also exposed to water, air and fine
particle abrasion such a solution will also need to be able to
withstand the foregoing elements.

[0006] Coarse coal centrifuges also require some means of
restricting material from passing out of the product dis-
charge outlet back into the effluent portion is after separation
and some means of restricting liquid from leaking out of the
effluent portion to the product discharge outlet after sepa-
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ration. Traditionally, as is the case for FLSmidth’s VM
centrifuge and as shown in FIG. 9, this is achieved through
the use of close running clearances between the basket and
the separation housing. However, such an approach is costly
and inefficient.

[0007] In order to reduce the cost (introduced by the
requirement for machining of the separation housing and
basket to achieve close running clearances) and to improve
the separation between the material and liquid in the product
discharge outlet an improved sealing arrangement is
required.

OBIJECT OF THE INVENTION

[0008] Itis an aim of this invention to provide a centrifuge
seal and sealing arrangement which overcome or ameliorate
one or more of the disadvantages or problems described
above, or which at least provide a useful alternative.
[0009] Other preferred objects of the present invention
will become apparent from the following description.

SUMMARY OF INVENTION

[0010] According to a first aspect of the invention, there is
provided a seal for a centrifuge for preventing material from
leaking out of the effluent portion into the drive portion. The
seal is disposed between a basket carrier and the drive
portion. And. the basket carrier is disposed between the
effluent portion and the drive portion. The seal can be further
disposed between a stiffener and the drive portion, the
stiffener being disposed between the basket carrier and the
drive portion. The seal can be annular. The seal can be
comprised of polyurethane. In some embodiments the seal is
comprised of a sealing portion and an attachment portion. In
some arrangements, at least a portion of the sealing portion
abuts at least a portion of the basket carrier and at least a
portion of the attachment portion abuts at least a portion of
the stiffener. The sealing portion and the attachment portion
can be integrally formed.

[0011] In another aspect of the invention the seal described
above is incorporated is into a centrifuge. A centrifuge is
provided wherein the centrifuge is comprised of an effluent
portion a drive portion, a basket carrier disposed between the
effluent portion and the drive portion, a stiffener disposed
between the basket carrier and the drive portion, and a seal
for preventing material or liquid from leaking out of the
effluent portion into the drive portion. The seal is disposed
between the basket carrier and the stiffener. In such a
centrifugal arrangement the seal can be annular. The seal can
be comprised of polyurethane. In some embodiments of the
centrifuge, the seal can be comprised of a sealing portion
and an attachment portion. In some arrangement of the
centrifuge, at least a portion of the sealing portion abuts at
least a portion of the basket carrier and at least a portion of
the attachment portion abuts at least a portion of the stiff-
ener. The sealing portion and the attachment portion can be
integrally formed.

[0012] According to a second aspect of the invention,
there is provided a contact seal for a centrifuge for prevent-
ing liquid from leaking out of the effluent portion into the
product discharge outlet and for preventing material from
entering into the effluent portion through the product dis-
charge outlet. The contact seal is disposed on a labyrinth disc
and the labyrinth disc is disposed between the effluent
portion and the product discharge outlet. The contact seal
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can be disposed vertically on a first face of the labyrinth disc.
The contact seal can be comprised of polyurethane. The
contact seal can be comprised of a vertical portion and a lip.
The vertical portion can be disposed parallel to or substan-
tially parallel to a vertical portion of the labyrinth disc. The
lip can extend in the horizontal direction across at least a
portion of the space between the effluent portion and the
product discharge outlet. The vertical portion and the lip can
be integrally formed. The contact seal can be comprised of
a plurality of first apertures, wherein the contact seal is
attached to said labyrinth disc with bolts or fasteners.
[0013] In another aspect of the invention the seal
described above is incorporated into a centrifuge. A centri-
fuge is provided wherein the centrifuge is comprised of an
effluent portion, a product discharge outlet, a sealing
arrangement comprised of a labyrinth disc and a contact seal
for preventing liquid from leaking out of the effluent portion
into the product discharge outlet and for preventing material
from entering into the effluent portion through the product
discharge outlet. The labyrinth disc is disposed between the
effluent portion and the product discharge outlet and the
contact seal is disposed on the labyrinth disc. In such a
centrifugal arrangement, the contact seal can be disposed
vertically on a first face of the labyrinth disc. The contact
seal can be comprised of polyurethane. In some embodi-
ments of the centrifuge, the contact seal can be comprised of
a vertical portion and a lip. The vertical portion can be
disposed parallel to or substantially parallel to a vertical
portion of the labyrinth disc. The lip can extend in the
horizontal direction across at least a portion of the space
between the effluent portion and the product discharge
outlet. The vertical portion and the lip can be integrally
formed. In some embodiments of the centrifuge, the contact
seal can be comprised of a plurality of first apertures,
wherein the contact seal is attached to the labyrinth disc with
bolts or fasteners.

[0014] A labyrinth disc for a centrifuge is also provided.
The labyrinth disc prevents liquid from leaking out of the
effluent portion into the product discharge outlet and pre-
vents material from entering into the effluent portion through
the product discharge outlet. A contact seal is disposed on
the labyrinth disc and the labyrinth disc is disposed between
the effluent portion and the product discharge outlet.
[0015] Further features and advantages of the present
invention will become apparent from the following detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] By way of example only, preferred embodiments of
the invention will be described more fully hereinafter with
reference to the accompanying figures, wherein:

[0017] FIG. 11is a side cross sectional view of a centrifuge
according to an embodiment of the invention.

[0018] FIG. 2 is a first perspective view of a centrifuge
showing the seal according to an embodiment of the inven-
tion.

[0019] FIG. 3 is a second perspective view of a centrifuge
showing the seal according to an embodiment of the inven-
tion.

[0020] FIG. 4 is a third perspective close-up view showing
the seal according to an embodiment of the invention.
[0021] is FIGS. 5A and 5B are perspective views of a
centrifuge showing the labyrinth disc and contact seal
according to an embodiment of the invention.
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[0022] FIG. 6 is a close-up view of an annular portion of
one embodiment of the insert of the contact seal according
to an embodiment of the invention.

[0023] FIG. 7 is a close up view of an annular portion of
one embodiment of the outer portion of the contact seal
according to an embodiment of the invention.

[0024] FIGS. 8A through 8I are perspective views show-
ing sealing arrangements according to additional embodi-
ments of the invention.

[0025] FIG. 9 is a perspective view of a traditional cen-
trifuge showing the close running clearances between the
basket and the separation housing.

DETAILED DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 illustrates a centrifuge 10 having an effluent
portion 11 and a drive portion 12. The effluent portion 11 has
a separation housing 13 which defines the boundaries of the
effluent portion 11. The separation housing 13 has an inlet in
the form of a chute 14 which material to be separated, such
as slurry, is conveyed to inside the separation housing 13, as
will be discussed herein.

[0027] The drive portion 12 can contain a number of
components which move together in use. For example, the
drive portion can contain motors 15 which are configured
such that in use they rotate in opposite directions (i.e.
counter rotating). These components can also include a
bearing housing 16, a drive shaft 17, a drive pulley 18 and
other components such as bearings and bearing covers.
[0028] It can be seen that the centrifuge 10 has a separa-
tion screen in the form of a basket 19. The basket 19 is
engaged with a basket carrier 20, and rotates with, the drive
shaft 17 via the basket carrier 20. The basket 19 can have
basket stiffeners 24 (as depicted e.g. in FIG. 4) which
provide axial rigidity to the basket 19. The chute 14 has an
inlet end 14A and an outlet end 14B which conveys the
material to be separated from a source (not shown) to inside
the is separation housing 13. The separation housing 13 has
a first outlet 21 which allows material separated by the
centrifuge 10, namely liquid components of the slurry that
pass through apertures in the basket 19, to be removed from
the centrifuge 10. A product discharge outlet 23 allows
material that does not pass through the apertures in the
basket 19 to also be removed from the centrifuge 10.
[0029] A material to be separated, such as slurry being a
combination of solids and liquids, is fed into the inlet end
14A of the chute 14 where it is conveyed to the outlet end
14B inside the separation housing 13. The material to be
separated hits the sides of the basket 19, which has apertures,
and is rotated which applies centrifugal force to the material.
The liquid component of the slurry passes through the
apertures in the basket 19 while the solid component cannot.
[0030] The liquids, which are usually undesirable, are
drained down a first outlet 21 for further processing and/or
disposal. The solid component which cannot pass through
the basket 19 traverses the inclined walls of the basket 19
under centrifugal force. The axial vibration provided by the
drive portion 12 assists in movement of the solids along
basket 19 and prevents, or at least minimizes, build-up of
solid material on the inner surface of the basket 19. When
the material reaches the outermost edge 19A it primarily
comprises the solid component of the material as the liquid
component has been removed. The solids may then be
transferred for further processing or collection, or the like
via the product discharge outlet 23.
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[0031] Other general and specific components of the cen-
trifuge 10 (and typical centrifuges) may be appreciated from
US Patent Application Publication No. 2014/0217008 Al
which is hereby fully incorporated by reference herein.

[0032] As shown in FIGS. 2, 3 and 4, this invention
advantageously provides a seal 60 for the centrifuge 10 to
prevent any material or liquid being separated inside the
effluent portion 11/separation housing 13 from leaking out of
the effluent portion 11 into e.g. the drive portion 12. A basket
carrier 20 is disposed between the drive portion 12 and
effluent portion 11 and is connected to the basket 19. A
stiffener 61 is disposed between the basket carrier 20 and the
drive portion 12. The seal 60 is disposed between the
stiffener 61 and the basket carrier 20, preferably on the face
of the basket carrier 20 facing the drive portion 12.

[0033] As shown in FIG. 4, in one embodiment the seal 60
has a sealing portion 62 and an attachment portion 63. In this
embodiment, the attachment portion 63 is provided to allow
the seal 60 to be fixed to the stiffener 61 without the need for
fasteners. The attachment portion 63 is advantageous in that
it reduces assembly time and minimizes assembly and
maintenance costs. In an exemplary embodiment, at least a
portion of a first side of the sealing portion 62 abuts at least
a portion of the face of the basket carrier 20 which faces the
drive portion 12 and at least a portion of a second side of the
sealing portion 62 abuts at least a portion of the face of the
stiffener 61 facing the basket carrier 20 and the effluent
portion 11. In one embodiment, at least a portion of the
attachment portion 63 extends over one longitudinal side of
the stiffener 61. The attachment portion 63 can be integrally
formed with the sealing portion 62 or can be connected to
the sealing portion 62 by fasteners such as tension bonds,
rivets, screws, rubber glues, clips, pin locks, a wedge and
slot mechanism.

[0034] In other embodiments, the seal 60 is connected to
the stiffener 61 using fastening means, such as tension
bonds, rivets, screws, rubber glues, clips, pin locks or a
wedge and slot mechanism.

[0035] In a preferred embodiment the seal 60 is annular.
Preferably the seal 60 is comprised of polyurethane, but can
be comprised of alternative materials such as rubber or other
flexible elastomers. In another embodiment the seal 60 is
comprised of an insert comprised of a material with low
stiffness, such as carbon fiber, with an elastomeric coating.
In a preferred embodiment the seal 60 is 100% polyurethane
in order to reduce the risk of corrosion and to provide
intrinsic resistance to wear. It is contemplated that the seal
60 is low in cost and easy to manufacture, as it can be
manufactured with a single material pour. The seal 60
reduces the amount of (or in some instances completely
eliminates), material and liquid contamination from the
effluent portion 11 and separation housing 13 around and
into the drive portion 12. The seal 60 increases the longevity
of and reduces the risk of premature failure of drive com-
ponents.

[0036] The invention also advantageously provides a seal-
ing arrangement for the centrifuge 10 comprised of a contact
seal 71 and a labyrinth disc 70 to prevent liquid from leaking
out of the effluent portion 11 and separation housing 13 into
the product discharge outlet 23 and to prevent any material
from entering back into the effluent portion 11 and separa-
tion housing 13 through the product discharge outlet 23 after
separation.
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[0037] As shownin FIGS. 5A and 5B, in one embodiment,
the contact seal 71 is disposed on the labyrinth disc 70. The
labyrinth disc 70 is disposed between the effluent portion 11
and the product discharge outlet 23. In an exemplary
embodiment, the contact seal 71 is disposed vertically on a
first face of the labyrinth disc 70 and the labyrinth disc 70
is disposed between the effluent portion 11 and the product
discharge outlet 23. In one embodiment, the contact seal 71
has a vertical portion 72 and a lip 73. The lip 73 can be for
example curved, flat, or at an acute or an obtuse angle. In one
embodiment, the vertical portion 72 is disposed parallel to or
substantially parallel to the vertical portion of the labyrinth
disc 75. In the embodiment shown in FIGS. 5A, 5B and 7,
the lip 73 is an integral part of the vertical portion 72, and
the lip 73 extends horizontally across a portion of the space
74 between the effluent portion 11 and the product discharge
outlet 23. In another embodiment the lip 73 is not an integral
part of the vertical portion 72 and is connected to the vertical
portion by fasteners.

[0038] In some embodiments, the contact seal 71 is com-
prised of polyurethane. In other embodiments the contact
seal 71 can be comprised of alternative materials such as
rubber or other flexible elastomers. In further embodiments
the contact seal 71 can be comprised of an insert (as shown
in FIG. 6) comprised of a material with low stiffness, such
as carbon fiber, with an elastomeric coating such as poly-
urethane. In a preferred embodiment the elastomeric coating
on the contact seal 71 is 100% polyurethane in order to
reduce the risk of corrosion and to provide intrinsic resis-
tance to wear. In the preferred embodiment the contact seal
71 is low in cost and easy to manufacture, as it can be
manufactured with a single material pour.

[0039] As further shown in FIG. 6, in an exemplary
embodiment the contact seal 71 insert can have a plurality of
first apertures 76 and a plurality of second apertures 77. In
an exemplary embodiment, the plurality of second apertures
77 are used to allow the elastomeric coating, such as
polyurethane, to adhere to the contact seal insert. In one
embodiment the contact seal 71 is fixed to the labyrinth disc
70 with bolts, or other mechanical fastening means, which
protrude through any of the first 76 plurality of apertures
(see FIGS. 6 and 7). In other embodiments, the contact seal
71 is connected to the labyrinth disc 70 using fasteners such
as tension bonds, rivets, screws, rubber glues, clips, pin
locks or a wedge and slot mechanism which can be provided
through any or all of the plurality of first apertures 76 or can
attach around edge portions of the labyrinth disc 70 and
contact seal 71.

[0040] FIG. 8 shows alternative embodiments of the seal-
ing arrangement comprising a contact seal 71 and labyrinth
disc 70 which may be specifically appreciated by a person of
ordinary skill in the art. By way of example, in some
embodiments the contact seal 71 is disposed on the labyrinth
disc 70. In other embodiments, the contact seal 71 is
disposed on the separation housing 13. In each of the
embodiments in FIGS. 8A through 8I the sealing arrange-
ment prevents liquid from leaking out of the effluent portion
11 into the product discharge outlet 23 and prevents material
from entering back into the effluent portion 11 through the
product discharge outlet 23. As discussed above, in some
embodiments shown in FIG. 8, the contact seal 71 is
comprised of polyurethane. In other embodiments show in
FIG. 8 the contact seal 71 can be comprised of alternative
materials such as rubber or other flexible elastomers. In
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further embodiments shown in FIG. 8 the contact seal 71 can
be comprised of an insert comprised of a material with low
stiffness, such as carbon fiber, with an elastomeric coating.
In other embodiments shown in FIG. 8 the contact seal 71
is 100% polyurethane in order to reduce the risk of corrosion
and to provide intrinsic resistance to wear. Finally, as further
discussed above, in some embodiments shown in FIG. 8, the
contact seal 71 is connected to the labyrinth disc 70 or the
separation housing 13 using fasteners such as tension bonds,
rivets, screws, rubber glues, clips, pin locks or a wedge and
slot mechanism.
[0041] In this specification, adjectives such as first and
second, left and right, top and bottom, and the like may be
used solely to distinguish one element or action from
another element or action without necessarily requiring or
implying any actual such relationship or order. Where the
context permits, reference to an integer or a component or
step (or the like) is not to be interpreted as being limited to
only one of that integer, component, or step, but rather could
be one or more of that integer, component, or step etc.
[0042] The above description of various embodiments of
the present invention is provided for purposes of description
to one of ordinary skill in the related art. It is not intended
to be exhaustive or to limit the invention to a single
disclosed embodiment. As mentioned above, numerous
alternatives and variations to the present invention will be
apparent to those skilled in the art of the above teaching.
Accordingly, while some alternative embodiments have
been discussed specifically, other embodiments will be
apparent or relatively easily developed by those of ordinary
skill in the art. The invention is intended to embrace all
alternatives, modifications, and variations of the present
invention that have been discussed herein, and other
embodiments that fall within the spirit and scope of the
above described invention.
[0043] In this specification, the terms ‘comprises’, ‘com-
prising’, ‘includes’, ‘including’, or similar terms are
intended to mean a non-exclusive inclusion, such that a
method, system or apparatus that comprises a list of ele-
ments does not include those elements solely, but may well
include other elements not listed.

1-6. (canceled)

7. A seal for preventing material from leaking out of an
effluent portion into a drive portion of a centrifuge, the
centrifuge further comprising a basket carrier disposed
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between the effluent portion and the drive portion and a
stiffener disposed between the basket carrier and the drive
portion; wherein the seal is annular and is comprised of a
sealing portion and an attachment portion; wherein the seal
is disposed between the stiffener and the drive portion such
that at least a portion of the sealing portion abuts at least a
portion of the basket carrier and at least a portion of the
attachment portion abuts at least a portion of the stiffener.

8-9. (canceled)

10. The seal of claim 7, wherein the seal is comprised of
polyurethane.

11-12. (canceled)

13. The seal of claim 7, wherein the sealing portion and
the attachment portion are integrally formed.

14-21. (canceled)

22. A contact seal for preventing liquid from leaking out
of an effluent portion into a product discharge outlet of a
centrifuge and for preventing material from entering into the
effluent portion through the product discharge outlet of the
centrifuge, wherein the contact seal is disposed on a laby-
rinth disc and the labyrinth disc is disposed between the
effluent portion and the product discharge outlet.

23. The contact seal of claim 22, wherein the contact seal
is disposed vertically on a first face of the labyrinth disc.

24. The contact seal of claim 23, wherein the contact seal
is comprised of polyurethane.

25. The contact seal of claim 24, wherein the contact seal
is comprised of a vertical portion and a lip.

26. The contact seal of claim 25, wherein the vertical
portion is disposed parallel to or substantially parallel to the
vertical portion of the labyrinth disc and wherein the lip
extends in the horizontal direction across at least a portion
of the space between the effluent portion and the product
discharge outlet.

27. The contact seal of claim 25, wherein the vertical
portion and the lip are integrally formed.

28. The contact seal of claim 22, wherein the contact seal
is comprised of a plurality of first apertures and wherein the
contact seal is attached to the labyrinth disc with bolts.

29. The contact seal of claim 22, wherein the contact seal
is comprised of a plurality of first apertures and wherein
contact seal is attached to the labyrinth disc with fasteners.

30. (canceled)



