
TITLE OF INVENTION IMPROVEMENTS IN OR RELATING TO SCREENING PANELS The
present invention relates generally to the field of water purification and
treatment and is concerned particularly with a screening panel for removing
solid material from a liquid in an early stage of a water purification
system. Such screening panels are to be found, for example, in band screens
and rotary screens in water and waste treatment plants, and are relatively
large having an overall effective screening area that would usually be
substantially more than 500 cm[err]. The design of a screening panel for
such a system is at first sight straightforward. All that is required is a
panel with a large number of suitably sized perfora- tions. In a typical
case, a panel would measure more than 20 cm x 30 cm and, even in the case
where the perforations were relatively large, there would be more than 250
perforations on the panel. A complete screen would be made up of a number
of (for example, from 4 to 80) panels. Such screening panels have
conventionally been made from perforated steel plate or from woven or
welded wire mesh. Where steel plate is used, the perforations can be formed
by punching or drilling out the steel plate. Where woven or welded wire
mesh is used, square holes are often formed and a high percentage of open
area can be provided, even with relatively small aperture sizes of for
example a few mm.    -2- 



With the advent of plastics materials, it has been proposed to manufacture
screening panels from plastics material. In that case the panel is extruded
as a sheet, cut to size and thereafter holes are drilled or punched in the
panel to form the perforations. Drilling or punching the holes mimics the
technique used when forming a panel from steel plate and does not pose any
particular production problems. British Patent Specification No. 1,521,255
describes a drum screen provided with plastics panels of 6 mm thickness and
holes of 6 mm diameter formed by punching or drilling. The relatively thick
panels define holes that are as deep as they are wide and that improves the
performance of the panel as a screen. At the present time, screening panels
continue to be made in almost all cases of steel, either from steel mesh or
by punching or drilling out steel plate. A problem that arises with all
screening panels of the kind referred to above is that debris tends to
become trapped in the openings in the panels. Considerable efforts have
been made in the past to overcome the problem, for example by providing
some form of cleaning arrangement to clean the panels either by vigorous
back- washing or mechanical brushing periodically; also it has been found
that increasing the length of the holes in the panels reduces the tendency
of the openings to become blocked as a result of doubling-over or
"hairpinning" of the fibres.    It is an object of the present invention to
provide 



an improved form of screening panel for use in a water treatment plant. In
a first aspect, the present invention provides a screening panel for use in
a screening apparatus for removing solid material from a flowing liquid,
the screening panel being moulded from a plastics material and being
provided with a plurality of holes formed during the moulding process, the
panel having a screening surface of an area greater than 500 cm[err], the
holes each having a width of between about 1/2 and 10mm, a depth at least
as great as the width and being tapered from a relatively, wide  end  on
one  face  of  the  panel  to  a relatively narrow end on the other face.
In a second aspect, the present invention provides a band screen for
removing solid material from waste water, the band screen including a
plurality of screening panels, each panel being as defined according to the
first aspect of the invention and being mounted to travel around an endless
path which passes into and out of the water. In a third aspect, the present
invention provides a rotary screen of the drum, cup or disc type including
a plurality of screen panels, each panel being as defined according to the
first aspect of the invention and mounted to travel around an endless path
which passes into and out of the water. In a fourth aspect, the present
invention provides a screening apparatus for removing solid material from a
flowing liquid, the screening apparatus including a plurality of screening
panels, each panel being mounted to travel around an endless path which
passes into and out of the liquid, each screening panel being moulded 



from  a  plastics  material  and  being  provided  with  a plurality of
holes formed during the moulding process, the holes extending from a first
screening face of the panel which face, in use, confronts the flowing
liquid, to a second offset face and being of circular cross-    - 3a -
section terminating at each face in a circular opening, the holes each
having a depth at least as great as their diameter and reducing
progressively in diameter from a relative wide end on the second face of
the panel to a relatively narrow end on the first screening face of the
panel. Forming the holes in the screening panel by moulding (for example,
by injection or pouring) has certain readily appreciated advantages: a)
because of the number of holes (more than 250) that will usually be found
on a panel, and because a separate pin must be provided in the mould or
forming tool for each hole to be formed, the forming of the mould is much
more expensive than if the mould is designed to produce a plain
(non-perforated) panel, b)   the many separate pins,  which necessarily are
close to one another, means that the mould designer has to worry about the
flow of plastics material between the pins during the moulding process, c)
the many  separate  pins make  it difficult  to remove the formed panel
after moulding, and d)   whereas moulding has significant cost advantages
where mass production is involved, there is not usually 



-4- the opportunity to make screening panels having a particular
arrangement of holes in great numbers because different screening apparatus
will generally require different sizes of apertures. We have found,
however, that whilst the disad- vantages referred to above do apply, they
are outweighed by the surprising advantages that forming the holes in the
moulding process provides. First and foremost of those is that the
screening panel is much less likely to become blocked than when a
conventional panel is used. We have found that where the holes are formed
by drilling or punching, there is inevitably some roughness in the vicinity
of the hole, whereas when the holes are moulded they have smoother openings
as well as a significantly smoother finish on the interior walls, as
compared with holes formed by drilling or punching. In an especially
advantageous and important embodi- ment of the invention the screening
elements are provided with tapered holes. The screens are mounted with the
narrower ends of the holes facing the flow so that liquid being screened
enters the holes through the narrow ends. In the past it has been
relatively difficult to provide tapered holes because such holes cannot be
readily or cheaply produced either by punching or drilling. The present
invention, however, provides a simple, quick and inexpensive method of
producing such holes. The tapering of the holes actually facilitates the
removal of the screening panel from the mould. The tapered configura- 



-5- tion of the holes provides a marked improvement in the performance of
the screening panel. Whereas in the case of a straight hole, any fibres or
particles entering that hole and having a width similar to the hole
diameter would be likely to become lodged therein, with a tapered hole,
such fibres or particles are much more likely to pass through any hole that
they begin to enter since the hole increases in size downstream. The
invention may be employed to supply screening panels with aperture sizes
ranging from 10 mm to as little as 1/2 mm but is especially applicable when
holes of 5mm or less, and in particular, 3 mm or less, are required. The
use of a tapered hole confers advantages for all hole sizes, but becomes
increasingly important as hole sizes decrease, in order to reduce clogging.
When holes of 2 mm or less are required it is especially desirable for the
holes to be tapered to prevent clogging. Preferably, the holes are of
circular cross-section so as to ensure uniformity of screening. Preferably,
the depth of each hole is greater than or equal to the greatest width of
each hole on the screening side of the element. Such an arrangement, which
can readily be provided when the holes are formed during moulding, is
advantageous in preventing "hair- pinning". The invention is especially
useful where a screening element of increased thickness, is required, for
example 



-6- having a thickness of 2mm or more, where the use of a metallic element
is less desirable, and in particular, of 9mm or more, where the use of such
an element becomes impracticable. The screening panel is suitable for use
in screening installation including a variety of screening apparatus. For
example, it can be used in apparatus in which a plurality of such screening
panels are brought in succession into a flowing liquid, such as, for
example, on rotary screens of the drum, cup or disc type or on band
screens. In the case of a band screen, it may be provided with moulded
holes which, on the screening side, will usually have a minimum width of
more than 2 mm (although  minimum widths of mm may be possible witn very
fine sealing clearances). The screening panel may also be used on a screen
known as a "brushed" or "fine brushed" screen, in which the panels are
stationary.    -7- The screening panel may be moulded from any plastics
material that has suitable moulding characteristics, including a composite
plastics material, such as, for example, a fibre-reinforced plastics
material. One especially preferred material is polyurethane. The invention
also provides screening apparatus for removing solid material from a liquid
flowing in a 



confined duct or channel, including a screening element that is moulded
from plastics material and is provided with a plurality of holes formed
during the moulding process. A number of embodiments of the invention will
now be described, by way of example only, with reference to the
accompanying drawings, in which: Fig. 1        is a schematic perspective
view of a first screening panel for use on a drum screen; Fig. 2a       is
a partial sectional view of the panel along line II-II of Fig. 1, to a
larger scale than Fig. 1; Fig. 2b       is a schematic diagram showing the
arrange- ment of the apertures; Fig. 3        is a schematic perspective
view of the drum screen; Fig. 4        is a schematic perspective view of a
second screening panel for use on a band screen; and, Fig. 5        is a
longitudinal sectional view of the band screen.    -8- Referring to Fig. 1,
the screening panel shown is suitable for use on a rotating drum screen of
the type illustrated in Fig. 3. The panel 1 is moulded with a plurality of
apertures 2 from polyurethane. Each panel 1 is about 9 mm thick, has a
length of about 1500 mm and a width of about 1000 mm. 



The moulded apertures 2 occupy 30 % of the total area of each panel 1 and
are of circular cross-section. The apertures 2 have a diameter D[err] of
about 2 mm on the screening side 3 of the panel and, as may be seen from
Fig. 2a, flare outwardly with distance therefrom, to a diameter D[err] of
about 2.5 mm on the opposite surface 4. The arrangement of the apertures 1
is as shown in Fig. 2b, where d[err] and d[err] are 3.4 mm and 5.8 mm
respec- tively. The screening panels 1 are mounted as a single row about
the periphery 5 of the 5 m diameter drum screen 6, so that their longer
edges 7 extend around its circum- ference. In certain instances, two or
more such rows of panels may, however, be, desirable. As indicated by
arrows in Fig. 3, liquid enters the screen 6 through the two open sides
thereof and flows outwardly through the screening panels 1 passing around
the lowermost part of the screen. Thus, the screening side 3 of each panel
faces radially inwards, with the holes tapering from 2.5 to 2 mm radially
inwards. The rims 8 of the screen 6 are finely sealed against    -9- the
passage of debris, thereby permitting finer screen- ing. Whereas previously
2 mm apertures would have been provided by means of perforated steel plate
or wire mesh elements, the present invention permits the use of plastics
material enabling a smooth low friction surface to be provided over the
surface of the screen and in the moulded apertures. Furthermore by virtue
of the moulding 



process, there is no difficulty in having a panel thickness of 9 mm,
leading to a substantial reduction in the extent to which the screen
becomes clogged. The tapered configuration of the holes further alleviates
clogging, and in fact, without such tapering, the use of a 2 mm aperture
size in conjunction with the 9 mm panel thickness, is unlikely to have been
feasible. The tapered configuration is, of course, particularly suited for
use with rotary screens where (in contrast, for example, to uniflow band
screens) the liquid to be screened flows through the screening panels in
only one direction. A further advantage of the tapered hole construction is
that it facilitates the removal of the panel from the mould. Figure 4 shows
an alternative type of screening panel for use on a uniflow band screen, as
illustrated in Figure 5. The panel 10 is moulded from polyurethane and
comprises a rectangular screening face 11 provided with a plurality of
apertures 12 therein, and two solid edge    - 10 - faces 13 extending
perpendicularly away from the longer edges 14 of the screening face 11,
respectively. The panel 10 has a length of about 80 cm, a width of about 20
cm, and a thickness of about 5 mm, the edge faces 13 each having a width of
about 4 cm. The apertures 12 in the screening face 11 are formed during the
moulding process. Each aperture 12 has a 



constant circular cross-section of 5 mm diameter, and of course, has a
length of about 5 mm. The apertures 12 are arranged in rows about 7 mm
apart, the centres of adjacent apertures in a row being separated by about
12 mm, adjacent apertures in alternate rows being offset by 6 mm. The
apertures occupy about 50 % of the effective screening area. Referring to
Fig. 5, each panel 10 is pivotally mounted lengthwise across the screen 15,
with its edge faces 13 directed towards the interior of the screen so that
the screening faces 11 of the panels face outwardly around the panel belt.
In this band screen, cam means (not shown) are provided on the sides of the
panels and travel along inner and outer guide tracks disposed around the
path of the belt of panels so as to control the orientations of the panels
1. During operation, on the upgoing side 16 of the panel belt, the leading
edge faces 13 of the panels 10 are caused to move outwardly to form rising
steps 17 that lift debris out of the flow. At the top of the screen, those
edge faces 13 move inwardly again, causing the    debris to be knocked off
the panels. The panels 10 are then caused to flatten to form a smooth
surface 18, whereupon the panels are brushed and backwashed to remove finer
screenings. The panels 10 then move downwardly and re-enter the flow 19 in
the reverse orientation. In this particular screen, stainless steel per-
forated plate panels having a 2 mm thickness and an aperture size of 6 mm
were originally employed. When, in 



accordance with the invention, the panels were replaced by plastics panels
provided with apertures of a similar size, the performance of the screen
was found to be markedly improved over the original screen. In addition to
the improvement in the frictional characteristics of the screening
surfaces, the provision of the moulded apertures in the panels was found to
result in fewer screenings being trapped in the apertures than was the case
in the apertures of the perforated steel plate panels. By virtue of the
moulding process, it has also been possible to form the plastics panel of a
thickness whereby the length of each aperture is at least as great as its
diameter. This ratio significantly reduces the amount of "hairpinning" that
occurs and also contributes to the improvement in performance. In fact, the
improved performance of the moulded plastics panel over the metal panel
means that it may be possible to dispense entirely with backwashing spray
jets (which contribute substantially to the running costs of    - 12 - the
screen), or at least to reduce backwashing to short periods. The holes in
the panels are of constant cross- section. However, if smaller aperture
sizes are used, it may be desirable to make the holes tapered.    



Claims 1.   A screening panel for use in a screening apparatus for removing
solid material from a flowing liquid, the screening panel being moulded
from a plastics material and being provided with a plurality of holes
formed during the moulding process, the panel having a screening surface of
an area greater than 500 cm2, the holes each having a width of between
about 1/2 and 10 mm, a depth at least as great as the width and being
tapered from a relatively wide end on one face of the panel to a relatively
narrow end on the other face. 2.   A panel as claimed in claim 1, wherein
the widths of the holes on the screening side of the panel are less than or
equal to 5 mm. 3.   A panel as claimed in claim 2, wherein the widths of
the holes on the screening side of the panel are less than or equal to 2
mm. 4.   A panel as claimed in any of claims 1 to 3, wherein the holes are
of circular cross-section. 5.   A panel as claimed in any of claims 1 to 4,
wherein the screening panel has a thickness of 2 mm or more. 6.   A panel
as claimed in any of claims 1 to 5, wherein the plastics material is
polyurethane. 7.   A screening panel for use in a screening apparatus for
removing solid material from a flowing liquid, the panel being
substantially as herein described with reference to and as illustrated by
the accompanying drawings.    - 14 - 



8.   A band screen for removing solid material from waste water, the band
screen including a plurality of screening panels, each being as defined in
any of claims 1 to 7 and being mounted to travel around an endless path
which passes into and out of the water. 9.   A rotary screen of the drum,
cup or disc type including a plurality of screening panels, each being as
claimed in any of claims 1 to 7 and mounted to travel around an endless
path which passes into and out of the water. 10. A screening apparatus for
removing solid material from a flowing liquid, the screening apparatus
including a plurality of screening panels, each panel being mounted to
travel around an endless path which passes into and out of the liquid, each
screening panel being moulded from a plastics material and being provided
with a plurality of holes formed during the moulding process, the holes
extending from a first screening face of the panel which face, in use,
confronts the flowing liquid, to a second offset face and being of circular
cross- section terminating at each face in a circular opening, the holes
each having a depth at least as great as their diameter and reducing
progressively in diameter from a relatively wide end on the second face of
the panel to a relatively narrow end on the first screening face of the
panel.    


