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(87) Abstract

The present invention relates to a screen cylinder for screening fiber suspensions of the wood processing industry. The screen cylinder
comprises a rotationally symmetric screen surface located on the side of the pulp to be screened, and support rings supporting the screen
surface on the opposite side; the screen surface mainly comprising grooves and screen apertures in connection with the grooves, the grooves
being comprised of a side surface on the upstream side, a bottom surface, and a side surface on the downstream side, characterized in that
the bottom surface of the groove rises towards the side surface of the upstream side.
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SCREEN CYLINDER

The present invention relates to a screen cylinder. In

The wood processing industry uses TWO basic types of
screen drums. One type is a drum made of a metal plate in
which screen apertures, either holes or slots, have been
manufactured with a desired spacing while the plate 1s
planar after which the plate has been bent cylindrical
and the edges have been welded together to form a
cylinder. During the past two decades screen plates
having certain kinds of grooves machined thereto before
rhe manufacture of the screen apertures have become very
popular, the grooves being located in a finished screen
drum on the side facing the rotor and substantially
parallel with the axis of the drum and the screen
apertures are located at the bottom of the grooves.

The other basic type of screen drums, the so-called wire
screen drums, are usually manufactured by securing
support wires to a cylindrical jig onto which the screen
wire is wound up with a certain pitch from a reel by
rotating the jig. The screen wire supplied from the reel
is secured to the support wires by welding. When a wire
surface of the desired size has been formed the cylinder
having the screen wires on the outer side and the support
wires on the inner side is detached from the jig. After
this the cylinder is cut open in its axial direction and
bent to form a planar surface and further, the planar
surface is bent in the opposite direction tO form a
cylinder so that the screen wires extend essentially in
rhe axial direction and the support wires are parallel

with the frame.
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Until recently the wire used as the screen wire has in
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Most cases had a symmetric cross section as regards its
securing point. Figure 1 illustrates how a line CL which
has been drawn via the center lines of the sides & and 8
of a screen wire 4 secured to a support wire 2, is
perpendicular to the support wire 2. A problem with this
kind of screen cylinders is that due to the limited
Strength of the securing of the screen wires and their
SBupport wires to each other, the screen wire tends to be
Curned about its more or less spot-like securing point,
whereby, if this happens to one wire, the screening slot
on one side grows and, correspondingly, on the other side
diminishes. Due to the symmetric form of the wire, the
force of the pulp flow parallel with the periphery, or at
least the pulp flow parallel with the screen surface, is
directed to the wire practically entirely as a moment
turning the wire and breaking the securing joint.

The screen wire of the present invention aims ar
diminishing this problem by arranging the wire to be as
asymmetric as possible whereby at least a part of the
Lorce directed to the wire is compression stress directed
towards the support wire and only a part of the force
CLends to turn the screen wire. Further, the invention

also pursues to balance the moment turning the wire by a
counterforce.

On the other hand, prior art screen wires have not paid
attention to all the requirements of the screening
technology, but the shape of the screen wires has been
very simple. In fact, the wire configuration illustrated
in fig. 1 has been fairly popular, because it has allowed
approaching relatively close to the surface configuration
Of the PROFILE® screen plate (US patent no. 4,529,520)
developed by A. AHLSTROM CORPORATION. (Both the
trademark PROFILE® and the US patent mentioned are today
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owned by CAE Screen Plates, 1IncC.) An example of the
success of the PROFILE® screen drum and of the successors
it has received has been described 1n US patent no.
5,073,254. This application has, however, proceeded
quite far from the advantageous properties found out
already in connection with the PROFILE® plate. During
the PROFILE® research work almost ten years ago 1t was
stated that the flow direction in relation to the
asymmetric groove in the screen surface has a great
influence on the operation of the screen plate. In the
screen plate studied the groove was formed of an inclined
side surface and of a surface perpendicular to the screen
surface between which there possibly was a bottom
surface. In any case, the screening hole or slot was
located relatively close to the perpendicular side

surface of the groove. In the same connection, also the
concepts BF (Brush Flow) and SF (Smooth Flow) were
developed. BF indicates a situation in which the flow

direction is such that the perpendicular side surface of
the groove is, as seen from the groove, its downstream
side surface and the inclined plane is its upstream side
surface. Correspondingly, in a plate of the SF type, the
downstream side surface is the inclined side surface,
whereby the flow proceeds smoothly along the surface ol
the plate. In other words, the grcove of a plate used as
a BF type plate resisted the flow remarkably more than an

SF type plate. The research work resulted 1in the
conclusion that an SF type screen plate was best
applicable practically in all applications. The US

patent mentioned describes the operation of a BF type
screen plate. Thus, the US patent 5,073,254 either 1is
not aware of the better operation of an SF type plate or
it describes exactly the correct dimensioning with which

the BF type screen plate functions. However, 1is should
be born in mind that converting a BF type screen plate to
an SF type screen plate is functionally not possible. 1In
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other words, if a groove has been dimensioned for SF type
operation it will not work as a BF type groove. Neither
can a groove dimensioned for BF type operation be made to
word in a satisfactory way as an SF type groove.

However, neither the surface configuration illustrated in
Fig. 1 nor the surface described for example in the US
patent 4,529,520 correspond to the present idea of an
optimal screen drum. Further, the so-called PROFILE®Y
study mentioned above did not have all the information
available which has been obtained with the use of the
present grooved screen plates. Previously, the initial
idea was that the flow along the surface of the screen
plate takes place substantially 1in a direction
perpendicular to the grooves. However, both calculatory
models and operation experience have proved that the flow
on the surface of the screen plate is spiral and further,
that in the upper end of the screen plate, more broadly
expressed in that end of the plate in which the pulp is
fed between the plate and the rotor, the flow is almost
axial. Also in the lower part of the screen plate the

axial component of the flow is remarkably large compared
to the previous concept.

In other words, because the idea used as the basis for
the design of prior art screen plates of having a flow
perpendicular to the groove has been incorrect also the
"optimal® groove configuration resulted has probably been
to some extent wrong. The least one could do is at least
to check the applicability of the groove configuration in
the changed situation.

According to the present screening concept the flow on
the screen drum, at least on a slot screen drum, should
proceed substantially parallel with the slots whereby the
accepted fiber material passes smoothly through the sliot.

PCT/FI96/60638
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On the other hand, because of the manufacturing technique
does not allow the slots to be arranged in the flow
direction in a simple way, the screen plate or
correspondingly a wire screen must be designed so that a
diagonal flow may be treated as well as possible.

It is typical of the screen drum structure of the present
invention that the design takes into account the diagonal
fiow of the fiber suspension over the gJgrooves and the
screen apertures, slots or holes. The structure 1in

The characteristic features of a screen drum according to
the invention are disclosed in the appended patent

The screen drum, its operation and structure are

explained in more detail below with reference to the
accompanying drawings of which

Fig. 1 illustrates a prior art wire screen drum,

Fig. 2 illustrates a detailed cross section of a screen
drum according to a preferred embodiment of the
invention,

Fig. 3 illustrates a detalled Cross section of a second
screen drum according to a preferred embodiment o©f the
invention,

Fig. 4 illustrates a detailed Cross section of a third
screen drum according to a preferred embodiment of the
invention,

Fig. 5 illustrates a detailed Cross section of a fourth

screen drum according to a preferred embodiment o©of the
invention,

PCT/FI96/60638
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Fig. 6 illustrates a detailed cross section of a fifth
screen drum according to a preferred embodiment of the
invention,

Fig. 7 illustrates schematically the advantages of the
asymmetric screen wire of fig. 6 compared with prior art
screen wires,

Fig. 8 illustrates yet another preferred embodiment of
the invention.

imposes a moment turning the screen wire 4 in the

securing point of the support wire 2 and the screen wire
4,

Figure 2 illustrates a cross section of a preferred
embodiment of a screen plate according to the invention
disclosing the exact surface configuration of the screen
plate. The screen plate 10 of the figure comprises
mainly a surface 12 facing the suspension to be screened,
a surface 14 facing the screened suspension, and between
these, screen apertures 16 which may be either holes or
slots. Recesses 18, which are large compared to the
screen apertures 16, have been machined in the latter
surface 14 which have either a cylindrical or an
elongated form depending in most cases on whether the
Screen apertures 16 are holes or slots. The surface 12
facing the suspension to be screened comprises several
parts. In the embodiment illustrated in fig. 2, the
surface 12 comprises a surface 122, which is
substantially parallel with the screen drum surface and
has a width 1, and a groove 124. In the embodiment of
the figure, the groove 124 comprises three surfaces, i.e.

|

PCT/FI96/00638
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compared to the fiber suspension flow direction F, a
downstream side surface 126, a bottom surface 128 and an
upstream side surface 130.

In tests performed we have compared a plate illustrated
in figure 1 with a PROFILE screen plate which differs
from the plate of the present invention 1in that the
bottom surface of the groove of a PROFILE plate is flat
or there is no bottom surface. The tests clearly proved
that by raising the upstream side edge of the Dbottom
surface 128 the purity of the screened pulp improved
remarkably compared to a flat bottom surface. The tests
proved that the purity of the pulp is the best when the
inclination o of the bottom is 5 - 30 degrees. An
excessive lowering of the groove on the other hand
resulted in a reduction of the capacity. Further, 1t was
discovered that by increasing the depth H of the groove,
pulp of somewhat higher consistency than conventionally
could be treated. Further, increasing the depth of the
groove increase the capacity of the screen plate Dby
increasing the turbulence on the surface of the plate.
The test showed that the optimal depth of the grooves 1is
0.3 - 2 mm. Correspondingly, a height of the upstream
side edge of the groove of 0.1 -1.5 mm gave the Dbest
purity o©f the pulp. The inclination angle y of the
downstream side surface 126 varied in the test between 30
and 60 degrees; for the operation of the common screen
plate in most applications, the most advantageous angle
range proved to the 30 - 45 degrees. The test also
studied the direction 8 of the upstream side surface 130
and inclining the surface mentioned towards the direction
indicated in the figure was found to have a noticeable
although marginal effect on the capacity of the plate soO

that the capacity improved to some extent when the
surface was inclined. The tests proved 0 - 15 degrees LO

be the most advantageous reading for the angle 5b.

PCT/F196/00638
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By arranging the bottom to rise in the way described

above the reject particle may be in a way collected onto
the bottom of the groove both by means of the centrifugal
force and because the stiffer reject particle do not bend

into the screen apertures but drift over them to the
bottom of the groove.

Figure 3 illustrates another preferred embodiment of the
invention, in which the screen plate according to fig. 2
has been used but modified so that the surface 122
parallel with the screen drum surface and the adjacent
surface 126 of fig. 2 have been connected by a curved
surface 125. Of course the surface 125 may start from
the upper edge of the surface 130 in which case there is
no essentially planar surface 122. It is also possible
to arrange a planar surface between the surfaces 122 and
126 of fig. 2 to replace the curved surface illustrated

in fig. 3. The purpose of connecting the surfaces 122
and 126 by an intermediate surface described in this
embodiment is to calm the flow on the surface of the
screen plate as sudden pressure strokes, even minute

ones, have been found to have detrimental effects on the
screening result.

Figure 3 1illustrates correspondingly, how‘ a curved
connecting surface 127 may be provided between the groove
bottom surface 128 and the downstream side surface 126.
The radius of curvature of the surface 127 is limited
only by the desired depth H of the groove.

Figure 4 illustrates a third preferred embodiment of the
invention in which the screen plate illustrated in fig. 2
has in fact been converted into a wire screen structure.

In the figure, the plate portion between the two scCreen
apertures 16 of fig. 2 has in fig. 4 been replaced by a
screen wire which has many resemblances but also a few
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differences compared with fig. 2. Firstly, the surface
facing the pulp to be screened is practically similar
with the exception of course that the screening slot 26
is substantially longer than in a screen plate. In a
wire screen drum the screening slot may extend even over
the whole height of the drum if the drum is not composed
of several shorter portions. The dJdifferences compared
with a drum made of a screen plate are to be found on the
side facing the screened pulp where, firstly, the screen
wires 20 have been secured by their surface 24 to support
wires (not illustrated). Further, the cylindrical or
trough-shaped recesses 18 (fig. 2) serving as
continuations of the screen apertures in the screen plate
have been replaced in the wire screens by narrowing the
wire towards the support surface 24 whereby an open space

218 widening evenly is created between the wires on the
accept pulp side.

Figure 5 illustrates an embodiment corresponding to fig.
3, made of screen wire. In other words the surfaces
facing the pulp to be treated have been rounded during
manufacture to correspond to the alternative structures
presented in connection with fig. 3.

Figure 6 illustrates yet another preferred embodiment of
a screen wire application according to the invention. An
essential feature of the screen wire 30 illustrated is
that the center line C; of the wire drawn via the center
line, which is parallel with the wire, of the support
surface 34, and via the center line, which 1is parallel
with the wire, of the wire on the side facing the pulp to
be treated, or if desired of the downstream side surface
326 of the groove, forms a sharp angle 6 with the plane

of the support surface 34. An essential feature in the
embodiment of fig. 6 is that the center line C; of the

gscreen wire is directed for the angle § towards the [low
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direction F of the suspension. Thus it may be concluded
as illustrated in fig. 7 that the force F directed from
the suspension flow to the wire is divided in two
components; a component F. parallel with the center line
of the wire, and a component Fy, perpendicular to the
center line of the wire. The component F. parallel with
the center line of the wire creates compression stress in
the joint of the screen wire and the support wire. When
a support wire welded at both sides is used the force Fo
is imposed on both the welded joints. This kind of a
compression stress as such is in practice harmless as it
produces a load exerting almost a radial influence on the
annular support wire which the wire easily endures. The
component Fy perpendicular to the center line creates a
moment M turning the screen wire around its second
securing point. It is apparent from fig. 7 that the force
Fo acting on the right side securing point tends to resist
the moment M, i1.e. tends to turn the screen wire in the
opposite direction compared with the moment M. Thus the
result 1s that the screen wire has been secured so that
the stress imposed on the securing points is reduced from
the one obtained previously whereby the durability of the
screen drums has been <further improved from the one
obtained by previous securing methods.

Figure 8 still illustrates a screen drum manufactured
according to the present screening technology. 1In the

drum 312 of the figure the screening slots 316 have been arranged

in the direction of flow between the drum and the rotor.
In other words, in the upper section of the drum the
screening slots are almost parallel with the axis of the
drum and their direction turns more and more peripheral
towards the lower portion of the drum. The upper section
of the drum means the feed end of the drum at which the
fiber suspension to be treated flows to the space between
the drum and the rotor. Correspondingly, the 1lower
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section of the drum means the discharge end of the drum

from which both the so-called accept and the so-called
reject are discharged from the screen. The slots may be
continuous, i.e. curved in the way illustrated in figure
8 or they may be straight so that their inclination angle

changes gradually.

As may be understood from the above, a new type of a
screen cylinder has been developed which reduces the
weaknesses of prior art screen drums and takes the modern
screening theory into account. It should be noted that
only a few preferred exemplary embodiment of the screen
constructions according to the invention have Dbeen
presented above. Thus it is clear that the scope of the
invention includes all the variations and wmodifications
of the invention defined by the appended patent claims.
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We claim:

1. A screen cylinder including a rotationally symmetric screen surface located
on the side of the pulp to be screened, and support rings supporting the screen
surface on the opposite side thereof, the screen surface being mainly formed of
grooves and of screen apertures located in connection with the grooves, the
grooves In turn including an upstream side surface, a bottom surface, and a
downstream side surface, characterized in that the bottom surface of the
groove rises towards the upstream side surface, and that the screen apertures
are located substantially in the vicinity of the junction of the bottom surface and
the upstream side surface.

2. A screen cylinder as claimed in claim 1, characterized in that the screen
surface includes a screen plate in which the grooves and the screen apertures
have been machined.

3. A screen cylinder as claimed in claim 1, characterized in that the screen
surface Is formed of screen wires so that the screening apertures are formed
between two adjacent screen wires whereby the downstream side surface and
the bottom surface of the groove are in one screen wire and the upstream side
surface in the adjacent screen wire.

4. A screen cylinder as claimed in claim 1, characterized in that the inclination
angle a of the bottom surface is about 5 - 30 degrees.

S. A screen cylinder as claimed in claim 1, characterized in that the depth of

the groove in the junction of the bottom surface and the downstream side
surface is 0.3 - 2.0 mm.

6. A screen cylinder as claimed in claim 1, characterized in that the inclination
angle b of the upstream side surface relative to a level perpendicular to the
screen surface is about 0 - 15 degrees.

/. A screen cylinder as claimed in claim 1, characterized in that the depth of
the groove in the junction of the bottom surface and the upstream side surface
s 0.1-1.5 mm.
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8. A screen cylinder as claimed in claim 3, characterized in that a center line
C. of the screen wire forms a sharp angle with the periphery of the screen
cylinder so that the force directed to the screen wire causes among other things
~a compression stress In the securing point of the screen wire.

9. A screen cylinder as claimed in claim 1, characterized in that the screen

surface further comprises a surface parallel with the periphery of the screen
cylinder and having a length of 0 - 2.5 mm.

10. A screen cylinder as claimed in claim 1, characterized in that the direction
of the slots present within a screen drum changes at different heights of the
screen drum according to the flow between the screen drum and a rotor so that
the direction of the slots is close to the direction of the flow.

11. A screen cylinder as claimed in claim 10, characterized in that the direction
mentioned of the slots changes continuously.

12. A screen cylinder as claimed in claim 10, characterized in that the direction
mentioned of the slots changes step by step.

13. A screen cylinder including a rotationally symmetric screen surface located
on a side of the screen having pulp to be screened, and support rings
supporting the screen surface on an opposite side thereof, the screen surface
being mainly formed of grooves and of screen apertures located in connection
with the grooves, the grooves in turn including an upstream side surface, a
bottom surface, and a downstream side surface,
wherein the bottom surface of the groove rises towards the upstream
side surface, and the screen apertures are located substantially near a
junction of the bottom surface and the upstream side surface, wherein
an inclination angle a of the bottom surface is about 5-30 degrees and
an inclination angle p of the upstream side surface relative to a level

perpendicular to the screen surface is about 0-15 degrees.

14. A screen cylinder as claimed in claim 13, wherein the screen surface
includes a screen plate in which the grooves and the screen apertures have
been machined.
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15. A screen cylinder as claimed in any one of claims 13 to 14, wherein the
screen surface is formed of screen wires so that the screening apertures are
formed between two adjacent screen wires whereby the downstream side
surface and the bottom surface of the groove are in one screen wire and the
upstream side surface in the adjacent screen wire.

16. A screen cylinder as claimed in any one of claims 13 to 15, wherein the
depth of the groove In the junction of the bottom surface and the downstream
side surface is 0.3 - 2.0 mm.

17. A screen cylinder as claimed in any one of claims 13 to 15, wherein the
depth of the groove in the junction of the bottom surface and the upstream side
surface 1s 0.1 - 1.5 mm.

18. A screen cylinder as claimed in claim 15, wherein a center line C. of the
screen wire forms a sharp angle with the periphery of the screen cylinder so
that the force directed to the screen wire causes among other things a
compression stress in the securing point of the screen wire.

19. A screen cylinder as claimed in any one of claims 13 to 18, wherein the
screen surface further comprises a surface parallel with the periphery of the
screen cylinder and having a length of 0 - 2.5 mm.

20. A screen cylinder as claimed in any one of claims 13 to 19, wherein the
direction of the slots present within a screen drum changes at different heights
of the screen drum according to the flow between the screen drum and a rotor
so that the direction of the slots is close to the direction of the flow.

21. A screen cylinder as claimed in claim 20, wherein the direction mentioned
of the slots changes continuously.

22. A screen cylinder as claimed in claim 20, wherein the direction mentioned
of the slots changes step by step.
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