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MIXER ASSEMBLY FOR DIGESTION TANK

Tachnical field of the Invention

The present invention relates in general to a digestion
tank for digestion of excrements, but alsc other applica-
tions comprising a chamber and a mixer assembly are referred
to. The material present in the chamber is referred to as a
fluid mixture, a suspension, a solid material in the form of
powder or granulate, etc., reguiring agitaticn. The prasent
invention relates especially to a mixer assembly for
agitating material in a chamber, which mixer assembly
comprises a drive unit and an output shaft extending from
said drive unit, which output shaft is arranged to hang down
inte said chamber rotatably suspended from the drive unit.

Background of the Invention and Prior art

A ccommon type of digestion tank comprises a mixer
assembly for agitating the excrement, or mixture of fluild
and sludge, present in the chamber. Such applications
comprise tanks having a depth from about 10 meters to about
40 meters, however a common depth is about 15-25 meters.
Furthermore such tanks have a volume of several thousands of
cubic meters, 1n which excrements, fsaces, sludge, waste
water, or the like is stored and digested in order to
extract methane gas and carbon dioxide, for example. The
liguid/sludge is kept in movement by agitation in crder to
not having the sludge to sediment and in crder to not
causing a dense cake at the surface of the liquid/sludge,
and thereto in order to obtain an as homogenocus mixture as
possible which entail that most possible guantities of
various gases may be extracted. It shall be pointed out that

other materials than excrement suspensions, such as fluid

mixtures, industrial suspensions, solid material in the form
of powder or granulate, may be stored in similar conditions

in which agitation takes place. Common for the applications
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for which the present invention ls intended is that the
maintenance staff cannot, are not allowed to or doss not
want Yo perform work in the chamber during long periods of
time, for instance one or several yesars.

Mixer assemblies suitable for use in a digesticn tank
or the like comprises a mector and a gear box that lowsrs the
rotational speed of the ocutput shaft of the mixer assembly
to about 15-30 revcolutions per minute, s&ven though other
speeds may be used. The output shaft rotatably suspended
from the drive unit of the mixer assembly and usually hang
down freely straight down into the chamber, whereupon the
lower end of the output shaft usually is located at a
distance of 6-12 meters from the floor of the chamber, and
whereupon a propeller unit is located at the lower end. Such
propeller units may have a diameter of 1-6 meters, and the
output shaft may have a length of for instance about 10-30
meters and a diameter of for instance 10-30 centimeters.

If an unbalance appear in the mixer assembly, i.e. if
the cutput shaft starts to perform & nutating movement or
starts to deflect/oscillate during rotaticn or wriggle, and
the mixer assembly is not immediately turned off, the mixer
zssembly as well as the chamber runs the risk of getting
damaged. Unbalance may for instance arise due to the fact
that a blade has come loose from the propeller unit, that
solid material has become stock to the blades of the pro-
peller unit, that a settlement/inclination of the tank takes
place which makes the drive unit to incline in relation to a
plumb line, etc.

A known way of preventing that a mixer assembly and/or
the chamber will become damaged in the case such an
unbalance arise is to lengthen the ocutput shaft such that it
extends towards and terminates at a distance from the floor,
a steel ring having a for instance twice as big diameter
than the diameter <of the oufput shaft being arranged near to
the lower end of the outpuit shaft. If unbkalance arises and

the output shaft starts to wriggle, its wriggling/deflection
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will be limited by the steel ring. However, the steel ring
or its attachment to the chamber will already after a, in
this connection, short time be damaged if the mixer
assemply is not turned off. This known solution alsoc
requires an unnecessarily long and expensive output shaft.
Unbalance may also arise if the output shaft gets into
natural freqguency due to the critical number of
revolutions, this is usually prevented by choosing the
length of the output shaft in such a way that this
chenomena does not arise. However, this constructional
limitation may lead to the fact that the optimal length of
the specific application cannot be used due to the inherent

natural frequency of the output shaft.

Summary of the Invention

Embodiments of the present Invention seek to cbviate
the abovementioned disadvantages and failings of previously
know mixer assemblies and seek to provide an improved mixer
assembly. Embodiments of the present invention seek to
provide an improved mixer assembly of the initially defined
type, which secure that neither the mixer assembly nor the

chamber runs the risk of getting damaged if

Embodiments of the present inventiocn seek to provide a
mixer assembly, in which the length of the output shaft and
other dimensions unrestraintly may be determined based on

the optimal for the specific application.

According to an aspect, there is provided a mixer
assembly for agitating material in a chamber, comprising a
drive unit and an output shaft extending from said drive
unit, which output shaft is arranged to hang down into said
chamber rotatably suspended from the drive unit,
characterized in that the mixer assembly furthermore
comprises a stabllizer comprising a swivel and at least one
resilient element connected to gald swivel, the stabilizer
being
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connected te the lower end ¢f the cutput shaft of the mixer
assembly and being arranged fLo be connected to sald chamber.

Embodiments of the present invention are thus based on
the insight that the output shaft does not nesd to be
unnecessarily lengthened and that the dimensions of the
output shaft dees not need to ke chosen taking the inherent
natural frequency of the cutput shaft into consideration.
The use of the swivel and the resilient element, which are
interconnected, entail that the ocutput shaft may rotate
unlimited and the more the output shaft will deflect/wriggle
the more the resilient element will counteract the
deflection/wriggle.

Preferred embodiments of the present invention are
further defined in the dependent claims.

Preferably the swivel comprises a first element
arranged to be driven in rotaticn about the cutput shaft of
the mixer assembly, and a seccond element arranged to be
connected the floor of the chamber, and a bearing arranged
at the interface between the first element and the second
element. According to the embodiment the resilient elament
may be arranged between the lower end of the output shaft
and the first element of the swivel or between the second
element of the swivel and the floor of the chamber.

Preferably the stabilizer zlsc comprises an anchor rod
axially connected to the resilient element, which anchor rod
is arranged to be connected o the floor of said chamber,
This entails that one and the same stabillizer may be used
independently of the distance bestween the lower end of the
output shaft and the flicor of the chamber.

Further advantages with and features of the invention
will be apparent from the other dependent claims as well asg

from the following detailed description of preferred
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Brief description of the drawings

A more complete understanding of the abovementioned and
other features and advantages of the present invention will
be apparent from the other dependent claims as well as from
the following detailed description of preferred embodiments
in conjunction with the appended drawings, which are not

drawn to scale and wherein:

Fig. 1 is a schematilic side view of a cut-away chamber and
an inventive mixer assembly, note that some bklades
are removed for the sake of clarity,

Fig. 2 is a perspective view of a first embodiment of the
swivel of the mixer assembly,

Fig. 3 is a cross sectional side view of the swivel accor-
ding to figure 2,

Fig. 4 is a perspective view of a second embodiment of the
swivel of the mixer assembly,

Fig. 5 is a cross sectional side view of the swivel accor-
ding to figure 4, and

Fig. 6 is a cross sectional side view of a third embodi-

ment of the swivel of the mixer assembly.

Detailed description of preferred embodiments

The present invention relates in gensral to a plant for
digestion of excrements, however the invention is not
limited to this field of use or application.

In figure 1 is shown a part of a chamber, digestion
tank or tank, generally designated 1, comprising a floor 2,
a roof 3 and a circumferential wall shell 4, which together
enclose a volume 5 for housing excrements, feaces, sludge,
waste water, suspensions or the like material, that shall be
digested, stored and/or processed. However, it shall be
pointed out that the chamber 1 also may house sclid material
in the form of powder or granulate, etc., for storing and/or
processing thereof. Central for the invention is that the
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material that is housed in the chamber 1 reguire agitation,
independently of the material being solid, liguid or a
mixture therecf, however the invention will hereafter bhe
described arranged in a digesticen tank.

Furthermore, an inventive mixer assembly, generally
designated 6, 1s shown in figure 1, which mixer assembly
comprises a drive unit having a motor 7, a gear box 8 and a
stand 2, and one from the drive unit extending output shaft
10 being rotatably suspended from the drive unit. Further-
more, at least one propeller unit 11 is connected to the
cutput shaft 10, whereupon the output shaft 10 and the
propsller unit 11 are arrangsd to be driven in rotation
about a plumb line. Preferably two ©f three propeller units
11 are connected to the output shaft 10.

In the embodiment shown in figure 1 the mixer assembly
6 comprises two propeller units 11, a lower propeller unit
arranged at the free lower end of the output shaft 10 and an
upper propeller unit arranged at a suitable location between
the lower propeller unit and the drive unit. Preferably the
lower propeller unit is located at a distance from the floor
2 of the chamber 1 that is greater than the diameter of the
propeller unit 11, preferably greater than 1,5 times the
diameter of the propeller unit 11, most preferably about
twice the diameter cof the propeller unit 11. Furthermore the
upper propeller unit is preferably located at a height in
the chamber 1 located in the area of the surface of the
housed ligquid/suspension. The main obliect of the lower
propeller unit 1s to cause agitation, and the main obiject of
the upper propeller unit i1s to break the cake of solid
material that may be form at the surface of the housed
liguid in such applications. It shall be pointed out that
the lower propeller unit may be located at a distance from
the free lower end of the ocutput shaft 10, i.e. that the
cutput shaft 10 extends downwardly from the lowsr propeller

unit in order to minimize the distance between the free

6
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lower end of the output shaft 10 and the floor 2 of the
chamber.

Furthermore the inventive mixer assembly 6, as shown in
figure 1, comprises a stabilizer, generally designated 12.
In a preferred embodiment the stabilizer 12 comprises a
swivel 13 and a resilient element 14 axially connected to
said swivel 13. The resilient element 14 may be directly or
indirectly connected to the swivel 13, and thereto the
resilient element 14 may be arranged axially above or
axially below the swivel 13. The stabilizer 12 is connected
to a lower end of the output shaft 10 of the mixer assembly
& and is furthermore arranged to be connected to the chamber
1, preferably to the floor 2 of the chamber 1. In a
preferred embodiment the resilient element 14 is constituted
by a coil spring, which preferably is biased during mounting
of the mixer assembly 6 and the stabilizer 12, and which
preferably is leocated axially below the swivel 13.

In a preferred embodiment the stabilizer 12 also
comprises a chain 15, wire, or a similar more or less rigid
anchor rod, axially connected to the resilient element 14
and the swivel 13. The anchor rod or the chain 15 may be
directly cor indirectly connected to the swivel 13 and/ocr the
resilient element 14, and theretc the chain 15 may be
arranged axially above the resilient element 14 and the
swivel 13, axially below the swivel 13 and the resilient
element 14, or between the swivel 13 and the resilient
element 14. Preferably the chain 15 is arranged to be
connected to the floor 2 of the chamber 1, via a ring or the
like (not shown). The chain 15 entails that the distance
between the lower end of the ocutput shaft 10 and the floor 2
of the chamber 1 does nct need to be known before the
instailation of the mixer assembly 6, instead the length of
the chain 15 may be adjusted to the specific application
during installaticn.

In an alternative embodiment (not shown) the stabi-

lizer 12 comprises a swivel 13 and at least three resilient
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elements which are at least partly radially connected to
sald swivel 13. Preferably said at least three resilient
elements are connected to the swivel 13 having mutually
equidistant distance. Furthermore it is preferred that said
at least three resilient elements are connected to and are
arranged at an angle to the floor 2 of the chamber, which
angle preferably 1s smaller than 45 degrees. In an alter-
native embodiment sald at least three resilient elements are
connected toe the wall shell 4 of the chamber. Furthermore,
an anchor bar 15 described above may be connected to each of
said at least three resilient elements. It shall be pointed
out that the swivel 13 has to be arranged between the cutput
shaft 10 and said at least three resilient elements.

Reference is now also made to figures 2-6, in which a
first, a second and a third embodiment, respectively, of the
swivel 13 zre shown. The swivel 13 comprises in the shown
embodiments a first element 16 arranged to be driven in
rotation about the output shaft 10 of the mixer assembly 6,
a second element 17 arranged to be connected to salid floor 2
of the chamber 1, and a bearing 18 arranged at the interface
between the first element 16 and the second element 17. The
bearing 18 is arranged to admit mutual rotation between the
first element 16 and the second selement 17, and to transmit
an axially directed pulling force between the first element
16 and the second element 17.

According to the first embodiment of the swivel 13, see
figures 2 and 3, the first element 16 ccmprises a bowl
gshaped house 19 and a 1lid 20 cocperating with the house 12.
The 1id 20 is preferably releasably connected to the house
19. Furthermore, & sealing 21 is arranged at the interface
between the 1id 20 and the house 19, in corder to prevent the
material present in the chamber 1 from entering and running
the risk of damaging the swivel 13. Further, a first
connection 22 of the swivel 13 is fixedly connected to the
lid 20, which first connection 22, in the preferred

embodiment of the stabilizer 12, is arranged to be connected
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to an interacting connection (not shown) of the output shaft
10 of the mixer asssmbly 6.

On the inside of the house 19 is presented a bearing
seat 23 for the bearing 18, which in the axial direction
preferably is fixed to the bearing seat 23 by a collar 24 of
the lid 20 interjecting into the house 19. ARlternatively a
clamp ring {(not shown) or the like may be used to fixate the
bearing 18 in the axial direction in the bearing seat 23.
Further, the house 192 is provided with a hole 25 inter-
connecting the ocutside and the inside of the house 19. The
hole 25 is located cn the opposite side of the first element
16 in relation to the first connection 22, preferably the
hole 25 and the first connection 22 are coaxially arranged,
and preferably the hole 25 is centered in the bowl shaped
house 19 in the radial direction.

The second element 17 of the swivel 13 comprises a
first part 26 located on the inside of the house 19 and in
engagement with the bearing 18 in such a way that the second
element 17 is prevented from being axially displaced away
from the first connection 22 at the same time as the second
element 17 is admitted to freely rotate in relation to the
first element 16. Preferably the first part 26 of the second
element 17 comprises a radially protruding flange 27, which
in the axial direction is located between the bearing 18 and
the first connection 22. The bearing 18 is in the first
embodiment of the swivel 13 preferably a ball bearing or a
thrust bearing, more preferably an axial ball bearing or a
spherical ball bearing.

Furthermore, the second element 17 comprises a seccond
connection 28 of the swivel 13, which second connection 28
is fixedly connected to the first part 26 of the second
element 17, and which protrudes through the hole 25 of the
first element 16. A sealing 29 is arranged in the hole 25
between the house 19 and the second connection 28, in order
to prevent the material present in the chamber 1 from

entering and running the risk of damaging the swivel 13. The
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second connection 28 is, in the preferred embodiment of the
stabilizer 12, arranged to be connected to the resilient
element 14.

It shall be pointed out that the swivel 13 according to
the first embodiment can be turned 180 degrees about a
horizontal axis such that the second element 17 is arranged
tc be connected to the cooperating connection of the ocutput
shaft 10 ¢f the mixer assembly €, and that the first element
16 is arranged to be connected to the resilient element 14.

Reference is now made to figures 4 and 5, in which the
elements corresponding to elements of the first embodiment
according to figures 2 and 3 are denoted by the same
reference number. According to the second embodiment of the
swivel 13 the second element 17 comprises a bowl shaped
house 19, a second connection 28 of the swivel 13 being
fixedly connected to the house 1%, which second connection
28, in the preferred embodiment of the stabilizer 12, is
arranged to be connected to the resilient element 14.
Furthermore the house 19 is provided with a hele 25
interconnecting the outside and the inside of the house 19.
The hcle 25 is located on the oppesite side of the second
element 17 in relation to the second connection 28,
preferably the hole 25 and the second connection 28 are
coaxlially arranged, and preferably the hole 25 is centered
in the bowl shaped house 19. A bearing seat 23 for the
bearing 18 is provided on the inside of the house 19.

The first element 16 of the swivel 13 comprises a first
part 26 located on the inside of the house 1% and in
engagement with the bearing 18 in such a way that the first
element 16 is prevented from being displaced in the axial
direction away from the second connection 28 at the same
time as the second element 17 is admitted to freely rotate
in relation to the first element 16.

Preferably the first part 26 of the first slement 16
comprises a radially protruding flange 27 that in the axial
direction i1s located between the bearing 18 and the second

16
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connection 28. Furthermore, the first element 16 comprises a
first connection 22 of the swivel 13, which first connection
22 is fixedly connected to the first part 26 of the first
element 16, and which protrudes through the hole 25 of the
second element 17.

A sealing 29 1is arranged in the hole 25 between the
house 12 and the first connection 22, in order to prevent
the material present in the chamber 1 from entering and
running the risk of damaging the swivel 13. Said sealing 29,
and/cr a clamp ring or the like, is arranged to fixate the
bearing 18 in the bearing seat 23 in the axial direction.
The bearing 18 is in the second embodiment of the swivel 13
preferably a slide bearing. In the shown sscond embodiment
the bearing 18 comprises a first body 18a fixedly connected
to the first element 16 and a second body 18b fixedly
connected to the second element 17, which bcedies abut and
glide against each other.

The first connection 22 is, in the preferred embodiment
of the stabilizer 12, arranged to be connected to the
cocperating connection of the cutput shaft 10 of the mixer
assembly 6. It shall be peinted cut that the swivel 13
according to the second embodiment may be turned 180 degrees
about a horizontal axis such that the second element 17 is
arranged to be connected to cooperating connection of the
output shaft 10 of the mixer assembly 6, and that the first
element 16 1s arranged to be connected tc the resilient
element 14. '

Reference is now made to figure 6, in which elements
corresponding te elements in the first embodiment according
to figures 2 and 3 are denoted by the same reference number.
According to the third embodiment of the swivel 13 the first
element 16 comprises a bowl shaped house 19 and preferably a
1id 20 cooperating with the house 1%. The 1id 20 is prefer-
ably releasably connected to the house 1%. Furthermore, a
sealing 21 is arranged at the interface between the house 19

and the lid 20, in crder to prevent the material present in

i1
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the chamber from entering and running the risk of damaging
the swivel 13. Furthermore, the first element 16 is, in the
preferred embodiment of the stabilizer 12, arranged to be
fixedly connected to the free end of the output shaft 10 of
the miver assembly &, for instance by means of bolts,

A bearing seat 23 for the bearing 18 is present on the
inside of the house 19, which bearing 18 preferably is
fixated in the axial direction in the bearing seat 23 by a
collar 24 of the 1id 20 interjecting into the house 1%.
Alternatively a clamp ring (not shown) or the like may be
used in order to fixate the bearing 18 in the bearing seat
23 in the axial direction. Furthermore, the house 19 is
provided with a hole 2% interconnecting the outside and the
inside of the house 19. The hole 25 is located on the
opposite side of the first element 16 in relation to the 1lid
20, preferably the heole 25 is centered in the bowl shaped
house 19.

The second element 17 of the swivel 13 comprises a
first part 2¢ located on the inside of the house 19 and in
engagement with the bearing 18 in such a way that the second
element 17 is prevented from being displaced in the axizal
direction away from the 1id 20 at the same time as the
second element 17 ls admitted to freely rotate in relation
to the first element 16. Preferably the first part 26 of the
second element 17 comprises a radially protruding flange 27
that in the axial direction is located bhetween the bearing
18 and the 1id 20. The bearing 18 is in the third embodiment
of the swivel 13 preferably a ball bearing or a thrust
bearing, more preferably an axial ball bearing cor a
spherical ball bearing.

Furthermore, the seccond element 17 comprises a second
connection 28 of the swivel 13, which second connecticon 28
is fixedly connected to the first part 26 of the second
element 17, and which protrudes through the hole 25 of the
first element 16. A sealing 29 is arranged in the hole 25

between the house 12 and the second connection 28, in order

1z
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to prevent the material present in the chamber 1 from
entering and running the risk of damaging the swivel 13. The
second connection 28 is, in the preferred embodiment of the
stabilizer 12, arranged tc be connected to the resilient

element 14.

Feaszible modifications of the Invention

The invention is not limited only tc the embodiments
described above and shown in the drawings, which primariiy
have an illustrative and exemplifying purpose. This patent
application is intended to cover zll adjustments and
variants of the preferred embodiments described herein, thus
the present inventicn is defined by the wording of the
appended claims and the equivalents thereof. Thus, the
equipment may be modified in a2ll kinds of ways within the
scope ¢f the appended claims.

It shall also be pointed cut that all information
about/concerning terms such as upper, lower, etc., shall be
interpreted/read having the equipment oriented according to
the figures, having the drawings oriented such that the
references can be properly read. Thus, such terms only
indicates mutual relations in the shown embodiments, which
relations may be changed if the inventive eguipment is
provided with another structure/design.

It shall be pointed cut that even thus it is not
explicitly stated that features from a specific embodiment
may be combined with features from another embodiment, the
compination shall be considered obvious, if the combination
is possible. For instance different described bearing types
and also bearing types not explicitly described be used in
all embodiments of the swivel, even if not explicitly
stated.

13
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Claims

1. Mixer assembly for agitating material in a chamber,
comprising a drive unit and an output shaft extending from
said drive unit, which output shaft is arranged to hang down
into said chamber rotatably suspended from the drive unit,
characterized in that the mixer assembly furthermore
comprises a stabilizer comprising a swivel and at least one
resilient element connected to said swivel, the stabilizer
being connected Lo the lower end of the ocutput shaft of the
mixer assembly and being arranged to be connected to said

chamber.

2. Mixer assembly according to claim 1, characterized in
that sald at least cne resilient element is axially

connected to said swivel,

3. Mixer assembly according to claim 1 or Z, characterized
in that the swivel comprises a first element arranged to be
driven in rotation about the ocutput shaft of the mizxer
assembly, a second element arranged to be connected to the
floor of said chamber, and a bearing arranged at the

interface between the first element and the second element.
4, Mixer assembly according to any of claims 1-3,
characterized in that the first element is fixedly connected

to the free end of the cutput shaft of the mixer assembly.

5. Mixer assembly according to claim 2 or 4, characterized

in that the bearing is a slide bearing.

6. Mixer assembly accerding to claim 43 cor 4, characterized

in that the bearing i1s a ball bhearing.

14
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7. Mixer assembly according to claim 6, characterized in

that the ball bearing is an axial ball bearing.

8. Mixer assembly according to any preceding claim,
characterized in that the resilient element is a coil

spring.

9. Mizxer assembly according to any preceding claim,
characterized in that the stabilizer furthermore comprises
an anchor rod axially connected to the resilient element,
which anchor rod is arranged to be connected to the floor of

said chamber.
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