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(57) Abstract: The disclosure relates to a horizontal plate pressure filter (1), comprising a plurality of superimposed filter plates (2) for
forming filter chambers between at least two adjacent filter plates An opening actuator arrangement (5) provides an opening movement
and a closing movement, and an opening mechanism (6) is coupled to the opening actuator arrangement (5) and is configured to
mechanically transmit the opening movement and the closing movement. Particularly, the opening mechanism (6) extends vertically at a
plurality of distinct positions, (4), and the opening actuator (5) arrangement comprises an electric motor (5a) mechanically operationally
coupled to the opening mechanism (6), at a plurality of distinct positions thereof.
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HOR|ZONTAL PLATE PRESSURE FILTER

FIELD OF THE DISCLOSURE

The present disclosure relates to pressure filters, and more particularly
to horizontal plate pressure filters, in which filter chambers are formed
between horizontally extending superimposed filter plates. Such filters are
also known as tower presses.

BACKGROUND OF THE DISCLOSURE

Horizontal plate pressure filters have a plurality of horizontally
extending superimposed filter plates, between which filter chambers are
formed. During operation the filter plates are pressed against each other to
seal filter chambers between the filter plates. Slurry is then fed into the filter
chambers and filtrate 1s separated therefrom while the solid contents of the
slurry form filter cakes within the filter chambers. Subsequently, the filter
plates are moved away from each other to open the filter chambers so that the
filter cake may be discharged therefrom, and further moved towards each
other to close the filter chamber again. This sequence is then repeated.

Typically, the movement of the filter plates away and towards each
other for opening and closing of the filter chambers is actuated by a separate
set of actuators than those used for pressing the filter plates against each
other sealing the filter chamber. This is because the pressure and force
required for sealing the filter chambers is much greater that that required for
opening and closing the filter chambers, and the actuators must be
correspondingly dimensioned for each purpose. Conventionally, both set of
actuators have been hydraulically operated, because hydraulic actuators offer
both a good force-weight -ratio advantageous for achieving the required
sealing pressure and good position control required for opening and closing
the filter chambers.

Particularly, hydraulics cylinders most commonly used for linear

movement such as those associated to horizontal filter presses, are somewhat
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problematic with regards to synchronizing the movement of a plurality of
hydraulic cylinders. In order to ensure precise synchronization, a control
feedback loop with position sensors and servo-controlled valves have often
been used, which results in an expensive and delicate arrangement.

In horizontal plate pressure filters multiple actuators are required for
achieving the opening and closing of filter chambers, in addition to the
required sealing pressure, so that a even load distribution may be achieved.
Moreover, precise synchronization of the actuators is required in order keep
the head plate and filter plate level and their movement even. Uneven
movement or unlevel orientation of the head plate and/or filter plates, in turn,
may cause jamming of the filter plates and/or head plate along a guide rail, or
even cause damage to a limited clearance arrangement due uneven loading
thereon.

BRIEF DESCRIPTION OF THE DISCLOSURE

An object of the present disclosure is to provide a horizontal plate
pressure filter in which  even movement and level orientation of a head plate
and filter plates 1s achieved.

The object of the disclosure is achieved by a horizontal plate pressure
filter which is characterized by what is stated in the independent claim. The
preferred embodiments of the disclosure are disclosed in the dependent
claims.

The disclosure is based on the idea of having an opening actuator
arrangement that comprises an electric motor, which is mechanically coupled
to a plurality of distinct positions of an opening mechanism. That is, a single
electric motor is used to lift and lower a head plate such that the at more than
one point of the head plate.

The points of the head plate at which it is lifted, corresponding to the
same electric motor, all move the same distance at the same rate. As a result,
the problems associated uneven movement and unlevel orientation of the

head plate and the filter plates are effectively eliminated.
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BRIEF DESCRIPTION OF THE DRAWINGS

In the following the disclosure will be described in greater detail by
means of preferred embodiments with reference to the accompanying
drawings, in which

Fig. 1 schematically illustrates a horizontal plate pressure filter
according to an embodiment of the present disclosure as seen from a lateral
side;

Fig. 2 schematically illustrates the horizontal plate pressure filter of Fig.
1 as seen from above;

Fig. 3 schematically illustrates the horizontal plate pressure filter of Fig.
1 as seen from an end side;

Fig. 4 schematically illustrates a pulley arrangement of an opening
mechanism according to the embodiment illustrated in Fig. 1;

Fig. 5 schematically illustrates a horizontal plate pressure filter
according a further embodiment of the present disclosure as seen from an end
side;

Fig. 6 schematically illustrates a pulley arrangement of an opening
mechanism according to the embodiment illustrated in Fig. 5;

Fig. 7 schematically illustrates a horizontal plate pressure filter
according to a further embodiment of the present disclosure as seen from a
lateral side;

Fig. 8 schematically illustrates the horizontal plate pressure filter of Fig.
7 as seen from above, and

Fig. 9 illustrates an alternative opening actuator arrangement with two
electric motors in connection with a horizontal plate pressure filter according
to a further embodiment of the present disclosure, as seen from above.

DETAILED DESCRIPTION OF THE DISCLOSURE

According to the disclosure a horizontal plate pressure filter 1 is
provided.

The plate pressure filter comprises a plurality of superimposed filter
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plates 2 for forming a filter chamber between at least two adjacent filter
plates, and a head plate 3 arranged above the uppermost filter plate.

The plate pressure filter 1 further comprises an opening actuator
arrangement 5 for providing an opening movement and a closing movement.
In the context of this disclosure, the term actuator refers to device that
produces movement in order to move another entity. entity Particularly, the
opening actuator arrangement 5 comprises an electric motor 5a that produces
the opening movement and the closing movement. Naturally, more than one
electric motors 5a may be provided.

Preferably, but not necessarily, the electric motor 5a may be provided as
an induction motor, enabling a totally enclosed, reliable and robust operation.
If such an electric motor Sa is used, the opening actuator arrangement 5 may
preferably, but not necessarily be provided, for example, with a variable-
frequency drive, suitably controlled by PLC-unit, for driving the electric
motor 5a. Such an arrangement would provide precise and flexible position
and movement control. Naturally, other types of suitable motors, drives and
controls may be used.

Furthermore, the opening actuator arrangement may be equipped with a
gearbox couple to the electric motor.

The plate pressure filter 1 further comprises an opening mechanism 6
coupled to the opening actuator arrangement 5 and to the head plate 3. The
opening mechanism is configured to mechanically transmit the opening
movement and the closing movement between the opening actuator
arrangement 5 and the head plate 3, so as to move the head plate 3 away from,
and respectively towards the uppermost filter plate 2. It should be noted
that particularly in the context of this disclosure the phrase ‘mechanically
transmit” does not encompass, €.g. hydraulic power transmission. Details and
variants of the opening mechanism are discussed in more detail in connection
with further embodiments of the present disclosure.

The opening mechanism 6 extends vertically at a plurality of distinct
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positions. In other words, the head plate 3 is coupled to the opening
mechanism 6 at a plurality of distinct positions. As the opening actuator
arrangement 5 resides above the uppermost position of the head plate 3, the
opening mechanism 6 extends vertically.

Moreover, the electric motor 5a of the opening actuator arrangement 5 is
coupled to the opening mechanism 6 at a plurality of distinct positions
thereof. That is, the opening and closing movement produced by the electric
motor 5a 1s mechanically transmitted by the opening mechanism to more than
one point of the head plate 3 so as to lift lower the head plate 3.

The plate pressure filter 1 further comprises a limited clearance
arrangement 2a coupled between the head plate 3 and the uppermost filter
plate 2, and respectively, between adjacent filter plates 2. The limited
clearance arrangement is configured to allow the head plate 3 to abut the
uppermost filter plate 2, and respectively, adjacent filter plates 2 to abut each
other when moved towards each other. The limited clearance arrangement is
further configured to allow a limited clearance to be formed between the head
plate 3 and the uppermost filter plate 2, and respectively, between adjacent
filter plates 2 when moved away from each other.

The limited clearance arrangement 2a could be implemented, for
example by attaching the head plate 3 to the adjacent filter plate 2, and
correspondingly adjacent filter plates 2 to each other, with a flexible member
such as a cable, chain wire, rope or belt. Alternatively, the head plate 3 may
be attached to the adjacent filter plate 2, and correspondingly adjacent filter
plates 2 using a linkage 2a that pivots towards and away from the head plate
3 or filter plate 2 when moved towards away from each other respectively.

The plate pressure filter 1 further comprises a vertically extending guide
arrangement 10 for laterally supporting the filter plates and the head plate,
and for enabling the filter plates 2 and the head plate 3 to move away and
towards from each other along said guide arrangement. That is, the guide

arrangement guides the head plate 3 and the filter plates 2 along a vertical



10

15

20

25

30

WO 2020/177104 PCT/CN2019/077206

path during the opening movement and closing movement thereof, so as to
maintain the head plate 3 and filter plates 2 aligned. For example, vertically
extending guide rails and corresponding guide rollers or other counterparts on
the plates 2, 3 could be used.

Moreover, in the context of this disclosure, the lateral side is used to
describe sides of the plate pressure filter transverse to the discharging
direction of the filter cake (i.e. transverse to the running direction of the filter
medium. Correspondingly, the term end side is used describe the sides of the
plate pressure filter in the discharge direction of the filter cake (i.e. running
direction of the filter medium).

The plate pressure filter 1 further comprises a support structure for
selectively rigidly securing the head plate 3 thereto at least at a closed
position of the head plate 3. The closed position of the head plate corresponds
to its position when the filter chambers are closed and sealed. Most suitably,
the support structure comprises at least two vertically extending support
columns 4 positioned at opposite lateral sides of the head plate 3.

Preferably, but not necessarily, the opening actuator 5 arrangement may
comprise a single electric motor 5a mechanically operationally coupled to the
opening mechanism 6, at each distinct position thereof. This ensures that the
movement of the opening mechanism at each distinct position 1is
synchronized, ensuring an even and level movement of the head plate 3. This
in turn, minimizes the risk of the head plate 3 or filter plates 2 getting
jammed on the guider arrangement 10, or damage to the limited clearance
arrangement due to uneven load distribution.

In a horizontal plate pressure filter according to a further embodiment of
the present disclosure, the opening mechanism may comprise one or more
opposing pairs of distinct positions at opposite lateral sides of the head plate
late 3.

In such a case, the opening actuator arrangement 5 may comprise, for

each opposing pair of distinct positions of the opening mechanism 6 at
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opposite sides of the filter plates 2, an electric motor 5a mechanically
operationally coupled to the opening mechanism 6, at said pair of distinct
positions thereof. This ensures, that the movement of the opening mechanism
at said pair of distinct positions 1s synchronized, facilitating an even and level
movement of the head plate 3. This in turn, reduces the risk of the head plate
3 or filter plates 2 getting jammed on the guider arrangement 10, or damage
to the limited clearance arrangement due to uneven load distribution.

Alternatively, a single electric motor 5a may be used, as discussed
above.

In a horizontal plate pressure filter according to a further embodiment of
the present disclosure, the support structure comprising at least four vertically
extending support columns 4. Suitably, said support columns 4 are provided
as opposing pairs at opposite lateral sides of the head plate plate 3.

Preferably, but not necessarily, the distinct positions of the opening
mechanism 6 extend along the support columns 4

In a horizontal plate pressure filter 1 according to a further embodiment
of the present disclosure, the filter 1 comprises further comprising a locking
arrangement for engaging the head plate 3 with the support structure 4 so as
to selectively secure said head plate 3 to the support structure 4 at least at the
closed position of the head plate 3. This enables the filter plates 2 to be
pressed against each other between the tail plate 8 and the head plate 3
without the opening mechanism arrangement 6 being configured to maintain
the head plate 3 in place against the pressing force of the press actuator
arrangement 9.

For example, the locking arrangement may comprise, at the head plate, a
locking pin 3a configured to engage with a corresponding recess 4a at the
support structure, suitably on a support column 4. The locking arrangement
may preferably comprise a plurality of locking pins 3a an corresponding
recesses 4a, preferably at each support column 4.

Suitably, the locking arrangement also comprises a stopper
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corresponding to the closed position of the head plate 3, against which
against which the head plate 3 is lowered during the closing movement. This
ensures that the closed position of the head plate is always the same, and that
the locking arrangement can reliably engage so as to secure the head plate 3.

In a horizontal plate pressure filter 1 according to a further embodiment
of the present disclosure, the opening mechanism 6 comprises an elongate
flexible member 6c¢ configured to mechanically transmit the opening
movement and the closing movement between the opening actuator
arrangement 5 and the head plate 3. In the context of this disclosure, the term
flexible member is used to describe an element flexible and curved in
compression but linear, rigid, and load-bearing in tension. Examples of such
flexible elements include rope, wire, chain, cable and belt.

In a horizontal plate pressure filter 1 according to a further embodiment
of the present disclosure, in which the opening mechanism 6 comprises an
elongate flexible member 6c¢, the opening mechanism 6 comprises one or
more drums 6d rotatable by the opening actuator arrangement 5. Moreover,
one or more elongate flexible elements 6¢ are coupled to each drum 6d so as
to wind therearound during an opening movement of the opening actuator
arrangement 5, and unwind therefrom during a closing movement of the
opening actuator arrangement 5. The flexible elements 6¢” are further
operationally coupled to the head plate 3 so as to transmit the opening
movement and the closing movement between the opening actuator
arrangement 5 and the head plate 3. That is, the flexible element does no need
to directly attached to the head plate 3, but could be coupled thereto via an
intermediate element, such as a pulley.

Moreover, the elongate flexible element 6¢ is suitably attached at either
or both of its ends with a turnbuckle allowing adjustment and facilitating
balancing length, if more than one elongate flexible members 6¢ are used.
Most suitably, the elongate flexible member 6c¢ is fixed to the drum 6d at one

end, the other end being attached to fixed point of the horizontal plate
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pressure filter 1, preferably to the support structure, with a turnbuckle.

As a further alternative, the flexible element 6¢ could be coupled to the
drum 6d at an intermediate portion thereof, and coupled to the head plate 3
by both distal portions of the element 6c¢, suitably at different distinct
positions. In such a case, the flexible element 6¢ should be re-routed at
drum 6d such that both distal ends wind around the drum 6d during an
opening movement and unwind during a closing movement.

Preferably, but not necessarily, the opening mechanism 6 further
comprises a first pulley 6a corresponding to each distinct position, said first
pulley 6a’ being positioned above an uppermost position of the head plate 3.
In such a case, the one or more flexible elements 6¢ extend from the drum 6d
about the first pulley 6a towards the head plate 3.

Additionally, the opening mechanism 6 may further comprises a second
pulley 6b corresponding to each distinct position, said second pulley 6b being
positioned below the first pulley 6a and coupled to the head plate 3. In such a
case, the at least one flexible element 6¢ 1s suitably coupled to the head plate
3 via the second pulley 6b.

It should be noted, however that there could be more than one first
pulleys 6a and second pulleys 6b arranged at each distinct position. For
example, Fig. 4 illustrates a pulley arrangement, in which tow first pulleys 6a
are arranged above two second pulleys 6b, the latte being attached to the head
plate 3. In this arrangement the flexible element 6¢ runs, in sequence from the
drum 6d to the first pulley, to the second pulley 6b, to a further first pulley 6a,
to a further second pulley 6b, and finally to a fixed point. It should be noted,
that either or both of the first 6a pulleys and second 6b pulleys could be
arranged in a single block, in which a pulley along with a further
corresponding pulley are arranged side-by side.

In a horizontal plate pressure filter 1 according to an alternative further
embodiment of the present disclosure, in which the opening mechanism 6

comprises an elongate flexible member 6¢, the one or more flexible element
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may be 6¢ provided as a chain 6¢’. The chain extending, preferably at each
distinct position, between and around an upper sprocket 6a’ and a lower
sprocket 6b’. Additionally, the chain 6¢’ is fixed to the head plate 3 between
the upper sprocket 6a’ and the lower sprocket 6b’. Moreover, the lower
sprocket 6b’ is arranged at or below the lowermost position of the head plate
3, whereas the upper sprocket 6a is arranged at or above the uppermost
position of the head plate 3, preferably at a same level with the opening
actuator arrangement 5. In such an arrangement the opening actuator
arrangement 5 1s configured to rotate the upper sprocket 6a’ in order to
achieve the opening and closing movement.

In a horizontal plate pressure filter 1 according to a further embodiment
of the present disclosure, the opening mechanism 6 may comprise a
leadscrew (not illustrated) extending vertically at least between the opening
actuator arrangement 5 and the head plate 3, and a nut (not illustrated)
engaged to the leadscrew, so as to translate rotating motion of the lead screw
to a linear motion of the nut. In such a case, the opening actuator arrangement
being configured to rotate the leadscrew, while the nut is fixed to the head
plate 3.

Preferably, such a leadscrew and nut would be provided at each distinct
position.

It should be noted that also other opening mechanism may be envisaged.
For example, a rack-and-pinion -type arrangement could be used. In such a
case, preferably at each distinct position, there is a pinion, and a toothed rack
that extends vertically at least between a lowermost position of the head plate
3 and an uppermost position of the head plate 3. The rack 6g would then be
engaged to the pinion 6f so as to translate rotating motion of the pinion 6f
into a linear movement of said pinion 6f. Moreover, the opening actuator
arrangement 5 could then be attached to the head plate 3, and configured to
rotate the pinion 6f

Regardless of how the opening mechanism 6 is arranged, a horizontal

10
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plate pressure filter 1 according to a further embodiment of the present
disclosure may comprise an equipment platform 7 supported above the head
plate 3. In such a case, the opening actuator arrangement 5 is suitably
arranged on the equipment platform 7.

In a horizontal plate pressure filter 1 according to a further embodiment
of the present disclosure, the plate pressure filter 1 may comprises a tail plate
8 arranged below the lowermost filter plate 2, and a press actuator
arrangement 9 for pressing the tail plate 8 towards the filter plates 2 so as to
compress the filter plates 2 between the head plate 3 and tail plate 8 in order
to seal said filter chambers.

Particularly, the press actuator arrangement 9 1s separate from the
opening actuator arrangement 5. The press actuator arrangement 9 may
comprise, for example a hydraulic or electric actuator. Particularly, the
drawbacks related to hydraulic systems, namely oil contamination and
limited movement speed, do not pose similar problems at the press actuator
arrangement, because the associated movement is much shorter than that
required from the opening actuator arrangement. Moreover, contamination of
the hydraulic oil 1s not a problem, because the press actuator arrangement is
below the filter plates 2. Consequently, any leaked oil would not come into
contact with the filtrate or filter cake, or other components of the plate
pressure filter 1.

In a horizontal plate pressure filter 1 according to a further embodiment
of the present disclosure, the press actuator arrangement 9 may comprises at
least a hydraulic cylinder 9a configured to press the tail plate 8 towards the
head plate 3.

Alternatively, the press actuator arrangement 9 may comprise a
leadscrew assembly (not illustrated) comprising a leadscrew and a nut
element, said leadscrew assembly being configured to transform a rotation
movement into a translational movement, so as to press the tail plate 8

towards the head plate 3. Such a press actuator arrangement 9 further
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comprises at least an electric motor operationally coupled to the leadscrew
assembly for actuation thereof. Naturally, the press actuator arrangement 9
could be implemented by other similar components mechanically driven by
an electric motor, such as a jackscrew or scissor jack etc.

Preferably, the press actuator arrangement 9 comprises a plurality of
leadscrew assemblies, wherein the electric motor is mechanically
operationally coupled to more than one leadscrew assembly. This ensures,
that the plurality of leadscrew assemblies coupled to a respective electric
motor have a synchronized movement and even distribution of pressing force
with respect to each other.

Most suitably, the electric motor 1s mechanically operationally coupled
to each leadscrew assembly. This ensures, that all of leadscrew assemblies
coupled to the single electric motor have a synchronized movement and even
distribution of pressing force with respect to each other.

In a horizontal plate pressure filter 1 according to a further embodiment
of the present disclosure, the plate pressure filter 1 comprises a plurality of
filter chambers, preferably 2-30 filter chambers, more preferably 4- 24 filter
plates.

In a horizontal plate pressure filter 1 according to a further embodiment
of the present disclosure, the opening actuator arrangement 5 and the opening
mechanism 6 are configured such that the head plate 3 has, during an
operation cycle of the pressure filter, a travel towards and away from the
uppermost filter plate 2 of 200 mm — 2000 mm, more preferably 400 mm —
1500 mm, and most preferably 800 mm — 1000mm.

In a horizontal plate pressure filter 1 according to a further embodiment
of the present disclosure, the press actuator arrangement 9 is configured such
that tail plate 8 has, during an operation cycle of the pressure filter, a travel
towards and away from the lowermost filter plate of 50 mm — 100 mm

It should be noted, that the present disclosure encompasses any

combinations of the embodiments, and variants thereof, discussed above in

12



10

15

20

25

30

WO 2020/177104 PCT/CN2019/077206

accordance with the appended Claims.

Figs. 1-3 schematically illustrates a horizontal plate pressure filter
according to an embodiment of the present disclosure as seen from a lateral
side, above and from an end side, respectively. Particularly, a plurality of
filter plates 2 are arrange one above another so as to form filter chambers
therebetween, while a head plate 3 1s arrange above the uppermost filter plate
2.

The filter 1 has an opening actuator arrangement 5 has a single electric
motor 5a coupled to a gear for providing an opening and closing movement.
An output of shaft of the electric motor 5a is coupled an input shaft of the
gearbox. The gearbox has two output shafts, each coupled to a respective
drum 6d, so as to rotate the drum during the opening and closing movements.

Two elongate flexible members 6¢, namely cables, are attached to each
drum 6d. The cables 6¢ extend from the drum 6d to respective upper pulleys
6a directing the cables 6¢ towards respective lower pulleys 6b, which in turn
are attached to the head plate 3. Form the second pulleys 6b, the cables 6¢
extend towards respective fixed points. The cables 6¢ are arranged to wind
around the drum 6d during an opening movement and unwind during a
closing movement, so as to mechanically transmit said opening and closing
movements to the head plate 3, thereby lifting and lowering the head plate 3,
respectively.

The movement of the head plate 3 is transmitted to the filter plates 2
below, and between adjacent filter plates 2, via a limited clearance
arrangement 2a, as discussed above. In the embodiments illustrated in the
appended drawings, the limited clearance arrangement 2a provided by a
plurality of linkage plates that pivot towards and away from the head plate 3
or filter plate 2 when moved towards away from each other, respectively.
The limited clearance arrangement is also more clearly visible in Fig. 7,
showing an alternative embodiment of a horizontal plate pressure filter 1 in

an open state thereof.
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Moreover, a vertically extending guide arrangement 10 is provided for
laterally supporting the filter plates and the head plate, and enabling the filter
plates 2 and the head plate 3 to move away and towards from each other
along said guide arrangement. This ensures, that the sideways position of
adjacent plates 2, 3 remains aligned with respect to each other.

A support structure for selectively rigidly securing the head plate 3 has
been provided as four vertically extending support columns 4, two at each
lateral side of the filter 1. A locking arrangement having a locking pin 3a in
connection with the head plate is configured to selectively engage with
corresponding recesses 4a of the support columns 4, there by selectively
rigidly securing the head plate 3 at least at a closed position thereof.

A tail plate 8 has been arranged below the lowermost filter plate 2, while
a press actuator arrangement 9 having hydraulic cylinders 9a for pressing the
tail plate 8 towards the filter plates 2. The press actuator arrangement 9 being
configured to compress the filter plates 2 between the head plate 3, secured in
its closed position, and tail plate 8, thereby sealing the filter chambers.

Fig. 4 schematically illustrates a pulley arrangement of the opening
mechanism 6 of horizontal plate pressure filter 1 of Figs. 1-3. At each distinct
position of the opening position, the cable 6¢c coming form drum 6d runs
about the first pulley 6a towards the second pulley 6b. From the second
pulley 6b, the cable 6¢ runs towards a further first pulley, and subsequently
towards a further second pulley 6b. From the further second pulley 6b, the
cable runs towards fixed point. The second pulley and the further second
pulley are attached to the to the head plate 3. It should be noted, that Fig. 4 is
a schematic illustration. Particularly, the first pulley 6a and the further first
pulley 6a may be arranged side by side a respective block, whereas the
second pulley 6b and the further second pulley 6b may correspondingly be
arranged side by side in a different respective same block, as has been
illustrated in Figs. 1-3.

Fig. 5 schematically illustrates a horizontal plate pressure filter similar

14
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to that of Figs. 1-3 with the exception of the opening mechanism 6 having an
alternative pulley arrangement. Particularly, the pulley arrangement 6 of Fig.
5 has been schematically illustrated in Fig. 6.

The pulley arrangement of Figs. 5 and 6 has, for each distinct position of
the opening mechanism 6, two cables 6¢ extending form the drum 6d about
the first pulley 6a, and subsequently about the second pulley 6b to a fixed
point. The two cables 6¢ preferably run side by side, whereas either or both
of the first pulley 6a and the second pulley may be provided as single pulley
having dual grooves or two separate pulleys arranged side by side in
respective blocks.

Figs. 7 and 8 in turn schematically illustrates a horizontal plate pressure
filter according to an embodiment of the present disclosure as seen from a
lateral side and above, respectively. The embodiment of Figs. 7 and 8 is
similar to that of Figs. 1-3 with the exception of being equipped with an
alternative opening actuator arrangement 5 and an alternative opening
mechanism 6. Also, Fig. 7 illustrates a horizontal plate pressure filter an
open position thereof, while Figs. 1-3 and 5 illustrate a filter 1 in a closed
position thereof.

Particularly, the flexible element 6¢ is provided, at each distinct position,
as a chain 6¢’ extending between, and around, an upper sprocket 6a’ and a
lower sprocket 6b. The chain 6¢’ is then fixed to the head plate 3 between the
upper sprocket 6a’ and the lower sprocket 6b°. Moreover, the lower
sprocket 6b” is arranged below the lowermost position of the head plate 3,
whereas the upper sprocket 6a’ is arranged above the uppermost position of
the head plate 3, suitably at a same level with the opening actuator
arrangement 5.

More clearly visible in Fig. 8, the opening actuator arrangement 5 has an
electric motor 5a with an output shaft extending from opposing ends of the
electric motor 5a. Both ends of the electric motor’s 5a output shaft are

coupled to input shafts of respective separate gearboxes, each having two
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opposing output shafts that are coupled to the upper sprockets 6a’ for rotation
thereof. That is, the single electric motor 5a is used to rotate all the upper
sprockets 6a’, and move the head plate 3.

Fig 9 illustrates an alternative opening actuator arrangement 5 for the
horizontal plate pressure filter 1 of Fig. 7.

Particularly, Fig. 9 illustrates an opening actuator arrangement 5 with
two electric motors 5a. The output shafts of both electric motors 5a are
coupled to respective gearboxes, each having two output shafts coupled to the
upper sprockets 6a’ at the distinct positions of the opening mechanism 6.

It should be noted that the opening actuator arrangements of Fig. 9 and
Fig. 10 could also be implemented in connection with the horizontal plate
pressure filter of Fig. 1, in which case, the output shafts of the gearboxes
would be coupled to drums 6d instead of upper sprockets 6a’.

As a more general remark, it should be noted that the although the
present disclosure is discussed above with reference to drawings illustrating
the electric motor 5a coupled to a gearbox, the horizontal plate pressure filter
could alternatively be implemented such that the electric motor(s) Sa is

directly coupled to the opening mechanism 6, without a gearbox.
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CLAIMS

1. A horizontal plate pressure filter (1), comprising

a plurality of superimposed filter plates (2) for forming filter chambers
between at least two adjacent filter plates;

a head plate (3) arranged above the uppermost filter plate;

an opening actuator arrangement (5) for providing an opening
movement and a closing movement;

an opening mechanism (6) coupled to the opening actuator arrangement
(5) and to the head plate (3), the opening mechanism (6) being configured to
mechanically transmit the opening movement and the closing movement
between the opening actuator arrangement (5) and the head plate (3), so as to
move the head plate (3) away from, and respectively towards the uppermost
filter plate (2);

a limited clearance arrangement (2a) coupled between the head plate (3)
and the uppermost filter plate (2), and respectively, between adjacent filter
plates (2), wherein the limited clearance arrangement (6) being configured to

allow the head plate (3) to abut the uppermost filter plate (2), and
respectively, adjacent filter plates (2) to abut each other when moved towards
each other, and

----- allow a limited clearance to be formed between the head plate (3)
and the uppermost filter plate (2), and respectively, between adjacent filter
plates (2) when moved away from each other, and

a vertically extending guide arrangement for laterally supporting the
filter plates and the head plate, and enabling the filter plates (2) and the head
plate (3) to move away and towards from each other along said guide
arrangement, and

a support structure for selectively rigidly securing the head plate (3)

thereto at least at a closed position of the head plate (3), the support structure
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comprising at least two vertically extending support columns (4) positioned
at opposite lateral sides of the head plate (3)

characterized by the opening mechanism (6) extending vertically at a
plurality of distinct positions, preferably along the support columns (4), and

wherein the opening actuator (5) arrangement comprises an electric
motor (5a) mechanically operationally coupled to the opening mechanism (6),
at a plurality of distinct positions thereof.

2. The horizontal plate pressure filter according to Claim 1,
characterized by the opening actuator arrangement (5) comprising a single
electric motor (5a) mechanically operationally coupled to the opening
mechanism (6) at each distinct position thereof.

3. The horizontal plate pressure filter according to Claim 1,
characterized by the support structure comprising at least four vertically
extending support columns (4), said support columns (4) being provided as
opposing pairs at opposite lateral sides of the head plate (3).

4. The horizontal plate pressure filter according to any of the
preceding Claims 1-3, characterized by further comprising a locking
arrangement for engaging the head plate (3) with the support structure (4) so
as to selectively secure said head plate (3) to the support structure (4) at least
at the closed position of the head plate (3)

5. The horizontal plate pressure filter according to Claim 4,
characterized by the locking arrangement comprising, at the head plate, a
locking pin configured to engage with a corresponding recess at the support
structure.

6.  The horizontal plate pressure filter according to any of the
preceding Claims 1-5, characterized in that the opening mechanism (6)
comprises an elongate flexible member (6¢) configured to mechanically
transmit the opening movement and the closing movement between the
opening actuator arrangement (5) and the head plate (3).

7. The horizontal plate pressure filter according to Claim 6,
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characterized by the opening mechanism (6) comprising:

one or more drums (6d) rotatable by the opening actuator arrangement
(5), and

one or more elongate flexible members (6¢) being coupled to each drum
(6d) so as to:

—  wind therearound during an opening movement of the opening
actuator arrangement (5), and

—  unwind therefrom during a closing movement of the opening
actuator arrangement (5),

wherein the one or more flexible elements (6¢c) being further
operationally coupled to the head plate (3) so as to transmit the opening
movement and the closing movement between the opening actuator
arrangement (5) and the head plate (3).

8.  The horizontal plate pressure filter according to Claim 7,
characterized by the opening mechanism (6) further comprising:

a first pulley (6a) corresponding to each distinct position, said first
pulley (6a) being positioned above an uppermost position of the head plate
(3).

wherein said one or more flexible elements (6¢) extend from the drum
(6d) about the first pulley (6a) towards the head plate (3).

9.  The horizontal plate pressure filter according to Claim 8§,
characterized in that the opening mechanism (6) further comprises a second
pulley corresponding to each distinct position, said second pulley (6b) being
positioned below the first pulley (6a) and coupled to the head plate (3), and

wherein the at least one flexible element (6¢) being coupled to the head
plate (3) via the second pulley (6b).

10. The horizontal plate pressure filter according to Claim 6,
characterized by the one or more flexible element (6¢) being provided,
preferably at each distinct position, a chain (6¢’) extending between, and

around, an upper sprocket (6a’) and a lower sprocket (6b”), said chain (6¢”)
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being fixed to the head plate (3) between the upper sprocket (6a’) and the
lower sprocket (6b”),

wherein the lower sprocket (6b’) being arranged at or below the
lowermost position of the head plate (3), and the upper sprocket (6a’) being
arranged at or above the uppermost position of the head plate (3), preferably
at a same level with the opening actuator arrangement (5), and

wherein the opening actuator arrangement (5) being configured to rotate
the upper sprocket (6a’).

11. The horizontal plate pressure filter (1) according to any of the
preceding Claims 1-5, characterized by the opening mechanism (6)
comprising, preferably at each distinct position,

a leadscrew (6d) extending vertically at least between the opening
actuator arrangement (5) and the head plate (3), and

----- a nut (6e) engaged to the leadscrew (6¢€), so as to translate rotating
motion of the lead screw (6d) to a linear motion of the nut (6¢),

wherein the opening actuator arrangement being configured to rotate the
leadscrew (6d), and the nut (6¢) being fixed to the head plate (3).

12.  The horizontal plate pressure filter according to any of the
preceding Claims 1-11, characterized by further comprising an equipment
platform (7) supported above the head plate (3), wherein the opening actuator
arrangement (5) being arranged on the equipment platform (7).

13. The horizontal plate pressure filter according to any of the
preceding Claims 1-12 characterized by further comprising:

a tail plate (8) arranged below the lowermost filter plate (2), and

a press actuator arrangement (9) for pressing the tail plate (8) towards
the filter plates (2) so as to compress the filter plates (2) between the head
plate (3) and tail plate (8).

14. The horizontal plate pressure filter according to Claim 13,
characterized in that the press actuator arrangement (9) comprises at least a
hydraulic cylinder (9a) configured to press the tail plate (8) towards the filter
plates (2).
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15. The horizontal plate pressure filter according to Claim 13,
characterized in that the press actuator arrangement (9) comprises:

a leadscrew assembly (9b) comprising a leadscrew and a nut element,
said leadscrew assembly (9b) being configured to transform a rotation
movement into a translational movement, so as to press the tail plate (8)
towards the head plate (3), and

at least an clectric motor (9¢) operationally coupled to the leadscrew
assembly (9b) for actuation thereof.

16. The horizontal plate pressure filter according to Claim 15,
characterized in that the press actuator arrangement (9) comprises a plurality
of leadscrew assemblies (9), and wherein the electric motor (9¢) is
mechanically operationally coupled to more than one leadscrew assembly
(9b).

17. The horizontal plate pressure filter according to Claim 16,
characterized in that the electric motor (9¢) is mechanically operationally
coupled to each leadscrew assembly (9b).

18. The horizontal plate pressure filter according to any of the
preceding Claims 1-17, characterized by comprising a plurality of filter
chambers, preferably 2-30 filter chambers, more preferably 4-24 filter plates.

19.  The horizontal plate pressure filter according to any of the
preceding Claims 1-18, characterized by the opening actuator arrangement
(5) and the opening mechanism (6) being configured such that the head plate
(3) has, during an operation cycle of the pressure filter, a travel towards and
away from the uppermost filter plate (2) of 200 mm — 2000 mm, more
preferably 400 mm — 1500 mm, and most preferably 800 mm — 1000mm.

20. The horizontal plate pressure filter according to any of the
preceding Claims 13-19, characterized by the press actuator arrangement (9)
being configured such that tail plate (8) having, during an operation cycle of
the pressure filter, a travel towards and away from the lowermost filter plate

of 50 mm — 100 mm.
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