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Solid bowl screw centrifuge

The invention relates to a solid bowl screw centrifuge according to the pream-
ble of claim 1.

Such an object, in which the drum is driven and supported by rollers that roll
on the outside, is known from DE 31 42 779 A1.

From EP 0 107 470 B1 and US 4 504 262 it is also known to support the
drums of decanters (solid bowl screw centrifuges) with springs. The springs
are designed as coil springs, which are radially aligned to the axis of rotation.
By means of screw bolts, which penetrate the coil springs, a resilient support
between the bearing housings of the drum bearings and a support ring is real-
ized in each case, which is arranged concentrically to the bearing housing and
fastened to the machine frame or connected thereto. In this way, it should be
possible to set operating speeds above the main resonance frequency of the
system and thus to realize higher drum speeds than in decanters with conven-
tional bearing design.

Bearing arrangements suitable for rather short drums and designed in a sus-
pended rather than supported arrangement are shown in DE 26 06 589 A1,
DE 31 34 633 A1 and DE 66 09 011 U.

DE 22 57 513 A shows a drum of a tubular centrifuge with a cylindrical drum
shell, which is only conical in sections on the inside.

US 2003/ 0 032 540 A1 and GB 539 140 A1 are mentioned as the technologi-
cal background.

Another similar to the generic solid bowl screw centrifuge is known from DE
10 2007 042 549 A1. This solid bowl screw centrifuge has a rotor with a drum
with a horizontal axis of rotation and with a screw arranged in the drum which
can be rotated at a differential speed relative to the rotating drum. Bearings or
bearing devices for supporting the drum are provided at the two axial ends of
the drum, and spring elements are provided for resiliently supporting the drum
on a machine frame or foundation, wherein at least two of the spring elements
supporting the drum are arranged at each of the two axial ends of the drum
and wherein the spring elements are aligned vertically or substantially verti-
cally. It is provided that the ratio between the length of the rotor or drum and
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the diameter of the rotor or drum is preferably greater than 2, preferably 2.5, in
particular 3. It is also provided that the spring elements are designed as com-
bined spring and damping elements. This design is particularly suitable for
elongated solid bowl screw centrifuges in which the ratio between the length
of the rotor or bowl and the diameter of the rotor or bowl is preferably greater
than 2, preferably greater than 2.5, in particular greater than 3, because it is
possible to operate the drum at an operating speed that is above the basic
resonant frequency (rotor eigenmode) of the system.

This design has proven itself. However, there is a further need to improve the
design of solid bowl screw centrifuges in a simple way so that they can gener-
ally be operated at a relatively high speed, but without having to pass through
the first resonance frequency of the rotor.

The solution to this problem is the object of the invention.

The invention solves this object by the subject matter of claim 1.

Thus, a solid bowl screw centrifuge having a housing and a rotor which is ro-
tatably mounted in the housing is created, which comprises at least the follow-
ing features: a rotatable bowl having an axis of rotation, the drum having a cy-
lindrical portion having a length L1 and a conical portion having a length L2
which, when added, define the length L1 of the drum, at least one liquid dis-
charge which is arranged in the cylindrical portion of the drum, and at least
one solids discharge disposed in the conical portion of the drum, a screw
which is arranged in the drum and is rotatable relative to the rotatable drum at
a differential speed, the drum and the screw together forming the rotor, drum
bearings for supporting the drum in the housing, which are spaced apart at a
spacing L., and at least one screw bearing for supporting the screw in the
drum, wherein the spacing L. between the drum bearings is less than the
length Lt of the drum.

In the conical portion with the length L2, the drum is designed in a conical
manner inside and outside (in relation to the drum shell).

Starting from the cylindrical portion in the conical portion, the drum diameter
decreases with increasing distance from the cylindrical portion on the outside
and inside, resulting in the conical shape.
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The axis of rotation can be aligned horizontally. But it can also be oriented in
another direction, such as vertically.

This design has the advantage that the solid bowl screw centrifuge can be op-
erated at an advantageously high speed, since a speed-limiting first reso-
nance frequency of the drum only occurs at a higher speed than with a larger
axial spacing of the bearings due to the advantageous arrangement of the
drum bearings according to the invention with reduced axial spacing. A solid
bowl screw centrifuge designed in this way can therefore be operated at a
high/higher speed and therefore achieves an advantageously higher separa-
tion performance compared to a solid bowl screw centrifuge of equivalent vol-
ume with conventional arrangement of the drum bearings. Axially directly adja-
cent bearings are functionally considered as a single bearing for the purpose
of this application.

It is also provided that one of the drum bearings is positioned radially outside
on the conical portion of the drum. It is then further advantageously provided
that the drum bearing positioned radially outwards on the conical portion of the
drum has a smaller internal diameter than the cylindrical portion of the drum,
which reduces bearing stress and the cost of the bearing and its maintenance
or replacement.

In addition, according to a further development, it may also be provided that
one of the drum bearings is positioned radially outwards on the cylin-drical
portion of the drum.

According to the claims, the drum bearings are arranged between the drum
and the housing or a part firmly connected to the housing, as a radial connec-
tion between the elements "drum" and "frame" or "housing" that allows relative
rotation.

In a preferred embodiment variant of the invention, either one or both drum
bearings and/or at least one or possibly both screw bearings are arranged
within an axial region which lies between the solids discharge and the liquid
discharge of the drum. The solid bowl screw centrifuge can also be operated
at an advantageously high rotational speed in this way, since the first reso-
nance frequency of the drum, which usually limits the rotational speed, only
occurs at a relatively high rotational speed due to the advantageous arrange-
ment of the drum bearings according to the invention. Furthermore, the drum
shaft sections - which are designed as shaft offsets and are designed as
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bearing seats - can possibly even be dispensed with. This may also result in a
simplified production of a drum hub and thus the drum.

An advantageous increase in the performance of the solid bowl screw centri-
fuge can then also be achieved by axially extending the drum of the solid bowl
screw centrifuge with a given arrangement of this kind with a defined distance
between the bearings and a defined radius of the drum, resulting in a solid
bowl screw centrifuge with a larger volume than would have been possible ac-
cording to the prior art. g-numbers of 5000 g-7000 g can easily be achieved.
The ratio of the length of the drum to the maximum inner diameter of the drum
can be increased (also called "A").

In a further preferred embodiment variant of the invention and also inde-
pendently of further inventive step, either one or both of the drum bearings -
and/or at least one screw bearing - directly adjoin an area of the liquid dis-
charge and/or solids discharge of the drum. In a further preferred embodiment
variant of the invention, a distance A1 and/or A2 can be between the respec-
tive axial end of the drum and the respective position of the drum bearing
and/or preferably 0 to 35% and especially preferably 0 to 25% of the length Lt
of the drum. Also in this way, the advantages of the invention are achieved ad-
vantageously and, in the case of the 25%, particularly advantageously.

In another preferred embodiment variant of the invention, one of the drum
bearings can be positioned radially outside the drum or on the drum cover.

In addition, it can be provided alternatively or optionally that one of the drum
bearings can be positioned axially on the outside directly on the drum cover.
All these are advantageous positions at which the invention of claims 1 and/or
2 can be advantageously implemented in each case or in combination with
each other.

The drum bearings can be designed in different ways. For example, it may be
advantageous to design the drum bearings as magnetic bearings. This cre-
ates an advantageous self-centering drum bearing under load, which is also
particularly suitable for an arrangement on a relatively large radius on the con-
ical or cylindrical part.
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In another preferred embodiment variant of the invention, the drum bearings
are designed as roller bearings. This is advantageous in creating a cost-effec-
tive drum bearing arrangement that is easy to design and mount. The drum
bearings can be designed as ceramic bearings, especially hybrid ceramic
bearings. This creates an advantageous low-wear drum bearing arrangement
which is easy to design and mount and which in turn is particularly suitable for
an arrangement on a relatively large radius on the conical or cylindrical part.

Further advantageous designs of the invention can be found in the subclaims.

In the following, the invention is described in more detail with reference to the
drawing using exemplary embodiments, wherein:

Figs. 1t0 3 show side views of three different solid bowl screw centrifuges
according to the invention, each of which is shown schematically;
and

Fig. 4 shows a side view of a fourth schematic diagram of a solid bowl
screw centrifuge according to the prior art.

Fig. 1 shows a solid bowl screw centrifuge having a frame which is not rotata-
ble or does not rotate in operation, and preferably housing 100 and a rotor 200
which is rotatable or rotating in operation.

The rotor 200 comprises a rotating drum 210 having a horizontal axis of rota-
tion D. The axis of rotation D can also be oriented differently, especially verti-
cally, in space. The rotor 200 also includes a screw 230 arranged in the drum
210, whose axis of rotation coincides with that of drum 210. The screw 230
can be rotated at a different speed to drum 210 during operation.

Drum 210 has a cylindrical portion 211 with a length L1 and an axially adjacent
conical portion 212 with a length L2. The cylindrical portion 211 is closed by a
drum cover 213 which extends essentially radially. In the conical portion 212
with a length L2, the drum is conical inside and outside (in relation to the drum
shell).

The screw 230 here also has a cylindrical portion 231 and an axially adjacent
conical portion 232. It is arranged inside the drum 210.
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A feed pipe 214, which here extends concentrically to the axis of rotation, pro-
jects into drum 210 and opens into a distributor 215, through which a suspen-
sion Su to be processed can be radially fed into a centrifuging chamber 216 of
drum 210. The feed pipe 214 can either be guided into drum 210 from the side
of the cylindrical drum portion 211 or it can be guided into drum 210 from the
side of the conical drum portion 212.

One or more liquid discharges 217 can be formed in or on the drum cover
213. These can be formed in different ways, for example as openings in the
drum cover 213, which have a kind of overflow weir, or in other ways, for ex-
ample as a peeling disc. At the end of the conical portion 212 at least one sol-
ids discharge 218 is formed.

As a rule, drum 210 is designed as a solid-bowl drum. At least one liquid
phase Fl is then clarified from solids Fe in the rotating drum 210. The at least
one liquid phase emerges from the liquid discharge 217 at the drum cover
213. The solids, on the other hand, are transported by screw 230 in the direc-
tion of the solids discharge 218, where they are ejected from drum 210.

Fig. 4 shows a solid bowl screw centrifuge in which a first drum shaft section
220 is axially connected to the drum cover 213 or the actual drum 210, which
is non-rotatably connected to drum 210, and a second drum shaft section 219
axially adjoins the conical drum section 212, which is also non-rotatably con-
nected to drum 210.

A first screw shaft section 234 axially adjoins the cylindrical portion 231 of the
screw 230, which is non-rotatably connected to the screw 230, and a second
screw shaft section 233 axially adjoins the conical drum section 232, which is
also non-rotatably connected to the screw 230.

The rotor 200 is driven by a drive unit having one or two motors (not shown
here). The drive device 300 is followed by at least one gear unit 310, on which
two pulleys 320, 330 are schematically shown here, indicating that the gear
unit 310 has at least two interfaces for feeding a respective torque of the mo-
tor or motors into the gear unit 310 to drive the drum and the screw. Alterna-
tively (not shown here), the rotor can also be driven by hydraulic motors, so
that no gear is required. It is also possible to drive the rotor by a combination
of electric motor(s) and hydraulic motor(s), using different gear boxes and
eliminating the pulleys completely or partially.
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The gear unit 300 rotates the drum 210 on the one hand and the screw 230 on
the other. For this purpose, the gear unit 300 has two output shafts. The first
output shaft is non-rotatably coupled to the first drum shaft section 220 or di-
rectly coupled to drum 210 and the second output shaft is directly or indirectly
non-rotatably coupled to the first screw shaft section 234 or directly coupled to
screw 230.

The drum and the shaft are each rotatably supported by two drum bearings
221, 222 arranged axially in the direction of the axis of rotation. The term
"bearing" should not be too narrowly defined in this respect. Each of the bear-
ings 221, 222 can consist of one or more single bearings, which are arranged
axially directly next to each other, so that they can be considered functionally
in each case as one single bearing. The bearings 221, 222 can also be de-
signed as bearings of various types, such as roller bearings - especially ce-
ramic bearings, hybrid ceramic bearings, magnetic bearings or plain bearings.

The drum bearings 221, 222 are arranged between drum 210 and frame 100
or a part connected to the frame, so that drum 210 can be rotated relative to
frame 100. This also applies to all variants described below and covered by

the claims. The drum bearings 221, 222 are preferably arranged radially be-

tween drum 210 and frame 100 or a part connected to the frame.

The screw bearings 235, 236, on the other hand, are arranged radially be-
tween the screw 230 and the drum 210, so that the screw 230 can rotate rela-
tive to the drum 210. The screw bearings 235, 236 are preferably arranged ra-
dially between the drum 210 and the screw 230.

In a possible embodiment variant (not shown), one of the screw bearings 235
in the area of the solids discharge 218 can be omitted. In this case, the rotat-
ing screw centers itself automatically, which is known e.g. from a vertical ar-
rangement of the decanter.

According to the prior art, as shown in Fig. 4, the drum bearings 221, 222 are
arranged axially outside the axial region Lt of drum 210, which lies between
the solids discharge 218 and the liquid discharge 217 of drum 210. In Fig. 4,
for example, they are located between the solids discharge 218 and an axial
end of the housing 100 adjacent thereto and the liquid discharge 217 and an
axial end of the housing adjacent thereto. Accordingly, a distance L. of the
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drum bearings 221, 222 is greater than a length Lt of the drum 210, which is
the sum of the length L1 of the cylindrical portion 211 of drum 210 and the
length L2 of the conical portion 212 of drum 210.

This means that the two drum bearings 221, 222 are arranged at a relatively
large axial distance from each other in relation to the length Lt of drum 210.
And according to the prior art, as shown in Fig. 4, the screw bearings 235, 236
are also arranged axially outside the axial region of drum 210, which lies be-
tween the solids discharge 218 and the liquid discharge 217 of drum 210. This
means that the two screw bearings 235, 236 are also arranged at a relatively
large axial distance from each other in relation to the length Lt of drum 210
and screw 230.

Here the invention takes a different path. Either one or both drum bearings
221, 222 are arranged within the axial region, which lies between the solids
discharge 218 and the liquid discharge 217 of drum 210 or directly adjoins an
area of the liquid discharge 217 and/or the solids discharge 218 of drum 210.
The drum bearings 221, 222 are then positioned radially outside on the drum
210 or radially or axially outside on the drum cover 213.

If one of the drum bearings 221, 222 is arranged within the axial region which
lies between the solids discharge 218 and the liquid discharge 217 of drum
210, the respective other of these bearings - the other of the drum bearings
221, 222 - can be arranged outside of this axial region. However, it may also
be provided in the context of the invention to provide both of the respective
bearings - both drum bearings 221, 222 - there or in the area described above
(Fig. 3).

It has been shown that in this way, and with an otherwise unchanged geome-
try of the rotor, the first resonance frequency of the rotor is raised and thus the
drum speed could be further increased.

Different variants of this technical teaching are shown in Figs. 1 to 3. In Figs. 1
to 3 the length of drum 210 is marked Lt and the distance between drum bear-
ings 221 and 222 is marked L.. In Fig.4, and thus for prior-art solid bowl screw
centrifuges, Lt < LL

Fig. 1 shows an embodiment of the invention in which the first drum bearing
221 is assigned to the conical portion 212 of drum 210. It is axially spaced
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from the solids discharge 218 in the direction of the cylindrical portion 211 of
drum 210. The other of the drum bearings 222 "at the other end of the drum"
is outside this axial section.

The first drum bearing 221 is thus located between the solids discharge 218
and the liquid discharge 217 in the area of the conical portion 212 of drum 210
on the conical portion. The drum shaft section 219 in the area of the conical
portion 212 of drum 210 can thus also be dispensed with. The length of drum
210 is greater here than the distance between the drum bearings 221 and
222, therefore Lt> LL.

It is possible to design the conical portion to be axially very long and the diam-
eter of the drum where the solids discharge is located to be relatively small.
The ratio between the diameter of the drum where the solids discharge is lo-
cated and the maximum inner diameter of the drum can be between 0.4 and
0.3. This can be advantageous in keeping low or reducing the energy loss
caused by the solids discharge. Furthermore (see definition above), a rela-
tively high value "A" can be achieved.

Fig. 2 shows an embodiment variant of the invention in which the first drum
bearing 221 is assigned to the conical portion 212 of drum 210, -analogous to
the embodiment variant according to Fig. 1- wherein it is axially spaced from
the solids discharge 218 in the direction of the cylindrical portion 211 of drum
210. The drum bearing 221 is thus located between the solids discharge 218
and the liquid discharge 217 in the area of the conical portion 212 of drum
210.

The other drum bearing 222 is here assigned to the cylindrical portion 211 of
drum 210 or arranged outside on it. It is directly axially adjacent to an area of
the liquid discharge 217 of drum 210. Therefore, the drum shaft section 219 in
the area of the conical portion 212 of drum 210 and the drum shaft section
220 in the area of the cylindrical portion 211 of drum 210 can be omitted here.
The length of drum 210 is also greater here than the distance between the
drum bearings 221 and 222, therefore here too Lt> L.

Fig. 3 shows an embodiment variant of the invention in which the first drum
bearing 221 is again arranged radially outside on the conical portion 212 of
drum 210. It is again axially spaced from the solids discharge 218 in the direc-
tion of the cylindrical portion 211 of drum 210, analogous to the embodiment
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variant according to Fig. 1. The first drum bearing 221 is thus again located
between the solids discharge 218 and the liquid discharge 217 in the area of
the conical portion 212 of drum 210, while the second drum bearing 222 is
then located on the cylindrical portion 211 of drum 210. It is axially spaced
here from the liquid discharge 218 in the direction of the conical portion 212 of
drum 210. The drum shaft section 220 in the area of the cylindrical portion 211
of drum 210 and the drum shaft section 218 in the area of the conical portion
212 of drum 210 can thus be dispensed with. The length of drum 210 is
greater here than the distance between the drum bearings 221 and 222,
therefore Lt > L.

In the exemplary embodiments shown in Fig. 1 to Fig. 3, there is a distance A1
and/or Az between the respective end of drum 210 and the respective position
of drum bearing 221 and/or 222. The respective distance A1and/or Az, by
which the respective drum bearing 221, 222 is spaced from the liquid dis-
charge 217 and/or or the solids discharge 218 in the axial direction so that it is
positioned between the liquid discharge 217 and the solids discharge 218, is
preferably 0 to 35% and especially preferably 0 to 25% of the length of the
drum 210 L.

By positioning the drum bearings 221, 222 each at a position within the axial
region between the solids discharge 218 and the liquid discharge 217, the dis-
tance L. between the drum bearings 221, 222 is advantageously reduced in
such a way that the first natural resonance of drum 210 only occurs at a
higher speed than with a bearing arrangement according to the prior art (see
Fig. 4). Due to the higher operating speed now possible, the achievable sepa-
ration efficiency of the solid bowl screw centrifuge according to the invention is
advantageously increased compared to a solid bowl screw centrifuge of the
same volume according to the prior art.

The explanations regarding the arrangements of the drum bearings 221, 222
according to Fig. 1 to Fig. 3 are by no means to be understood conclusively.
Rather, other advantageous arrangements of the drum bearings 221, 222 are
also conceivable within the scope of the claims. However, the axial distance L.
between the drum bearings 221, 222 should be shorter than the length Lt of
drum 210.
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List of reference numerals

100 Housing
200 Rotor
210 Drum

211 Cylindrical portion
212  Conical portion
213  Drum cover

214  Feed pipe

215 Distributor

216  Centrifuging chamber
217  Liquid discharge
218 Solids discharge
219 Drum shaft section
220 Drum shaft section
221  Drum bearing

222 Drum bearing

230 Screw

231  Cylindrical portion
232 Conical portion

233 Screw shaft section
234 Screw shaft section
235 Screw bearing

236 Screw bearing

300 Drive device
310 Gear unit
320 Pulley

330 Pulley

Ai Distance

A2 Distance

D Axis of rotation

L1 Length

Lo Length

Lo Distance drum bearing
Lt Length drum

Su  Suspension

Fe  Solids

Fl Liquid phase

DK/EP 3833486 T3
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Patentkrav

1. Fuldkappe-snekkecentrifuge med et hus (100} og en rotor (200), lejret drejeligt

i huset (100}, som omfatter mindst fglgende:

a. en drejelig tromle (210) med drejeakse (D), hvor tromlen (210} har et
cylindrisk afsnit (211) med en leengde L1 og et konisk afsnit (212) med leeng-

den L2, som adderet er lengden LT af tromlen (210),

b. mindst et vaeskeafleb (217), som er anbragt i det cylindriske afsnit (211)
af tromlen (210), og mindst en faststofudledning (218), som er anbragt i det

koniske afsnit (212) af tromlen,

c. en snekke (230) anbragt i tromlen (210) og drejelig i forhold til den dreje-
lige tromle (210) med et differensomdrejningstal, hvor tromlen (210} og

snekken (230) sammen udger rotoren (200},

d. mindst to tromlelejer (221, 222) til lejring af tromlen (210) i huset (100},

med en afstand LL,

e. mindst et snekkeleje (236) til lejring af snekken (230} i tromlen (210),

f. hvor den indbyrdes afstand LL af tromlelejerne (221, 222) til lejring af

tromlen (210) er mindre end leengden LT af tromlen (210), og

g. hvor et af tromlelejerne (221) er positioneret radialt udvendigt pa det ko-
niske afsnit (212} af tromlen (210)

kendetegnet ved, at

h. tromlelejet (221) positioneret radialt udvendigt pa det koniske afsnit (212)
af tromlen (210) har en mindre indvendig diameter end tromlens (210) cylin-
driske afsnit (211).

2. Fuldkappe-snekkecentrifuge ifolge krav 1, kendetegnet ved, at enten et eller
begge tromlelejer (221, 222) er anbragt inden for et aksialt omrade, som ligger

mellem tromlens (210) faststofudledning (218) og vaeskeaflgb (217).
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3. Fuldkappe-snekkecentrifuge ifolge krav 1 eller 2, kendetegnet ved, at, trom-
lelejerne (221, 222) er anbragt mellem tromlen (210) og rammen (100} eller en
del, som er forbundet med rammen, og/eller at det mindst ene snekkeleje (236) er

anbragt mellem snekken (230) og tromlen (210).

4. Fuldkappe-snekkecentrifuge ifolge et af de foregaende krav, kendetegnet ved,
at enten et eller begge tromlelejer (221, 222) og/eller et eller begge snekkelejer
(235, 236) stpder direkte op til et omrade af tromlens (210) veeskeaflgb (217)
og/eller faststofudledning (218).

5. Fuldkappe-snekkecentrifuge ifelge et af de foregaende krav, kendetegnet ved,
at en respektiv afstand A1 og/eller A2 mellem tromlens (210) respektive aksiale
ende og tromlelejets (221) og/eller (222) respektive aksiale position foretrukket
udger 0 til 35% og seerligt foretrukket 0 til 25% af tromlens (210) laengde LT.

6. Fuldkappe-snekkecentrifuge ifelge et af de foregaende krav, kendetegnet ved,
at tromlelejerne (221, 222) er positioneret radialt udvendigt pa tromlen (210) eller

udvendigt direkte pa tromledeekslet (213).

7. Fuldkappe-snekkecentrifuge ifelge et af de foregaende krav, kendetegnet ved,
at et af tromlelejerne (222) er positioneret radialt udvendigt pa tromlens (210)

cylindriske afsnit (211).

8. Fuldkappe-snekkecentrifuge ifglge et af kravene 1 til 7, kendetegnet ved, at
et af tromlelejerne (222) er positioneret aksialt udvendigt direkte pa tromledeekslet
(213).

9. Fuldkappe-snekkecentrifuge ifelge et af de foregaende krav, kendetegnet ved,

at et eller begge tromlelejer (221, 222) er udfort som magnetlejer.

10. Fuldkappe-snekkecentrifuge ifgslge et af de foregdende krav, kendetegnet

ved, at et eller begge tromlelejer (221, 222) er udfort som rullelgjer.

11. Fuldkappe-snekkecentrifuge ifglge krav 10 kendetegnet ved, at et eller begge

tromlelejer (221, 222) er udfart som keramiske lejer eller hybrid-keramiske lejer.
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12. Fuldkappe-snekkecentrifuge ifgslge et af de foregdende krav, kendetegnet
ved, at forholdet mellem tromlens diameter, pa det sted, hvor faststofudledningen

er anbragt, ligger mellem 0,4 og 0,3 i forhold til tromlens maksimale diameter.

13. Fuldkappe-snekkecentrifuge ifelge et af de foregaende krav, kendetegnet

ved, at tromlens drejeakse (D) er justeret horisontalt eller vertikalt.
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