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(57) Abstract: A screening apparatus comprising a base frame (10); a first support frame (12) comprising a pair of longitudinally
extending frame members (16, 18) bridged by a plurality of mutually spaced apart first screen support members (20) extending
transversely to the conveying direction of the material to be screened; a second support frame (14) having a pair of longitudinally
extending frame members (22, 24) bridged by a plurality of mutually spaced apart second screen support members (26) extending
transversely to the conveying direction of the material to be screened; said first and second support frames (12, 14) being arranged
such that said plurality of first screen support members (20) are interposed in alternating relationship between said plurality of
second screen support members (26); a flexible screen (28) being carried by said plurality of first and second screen support mem-
bers (20, 26), said screen having apertures of predetermined size to allow particles smaller than said predetermined size to pass
therethough whereby particles larger than said predetermined size are retained on the screen for screening material placed on the
screen; a drive means (42, 44, 50, 52, 54, 56) being provided for imparting a substantially linear reciprocating motion to the first
support frame with respect to the second support frame to effect relative movement between said first and second screen support
members (20, 26), whereby adjacent pairs of said first and second screen support members alternately approach each other and re-
cede from each other in such a way that the screen (28) between them is alternatively flexed and stretched to produce stationary
waves.
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1
Screening Apparatus

This invention relates to a screening apparatus for screening, grading and/or sorting granular

and/or particulate material.

It is known to provide a screening apparatus comprising a frame and a flexible screen
attached at intervals to parallel screen supports which are mechanically driven so that
adjacent supports alternately approach each other and recede from each other in such a way
that the screen between them is alternatively flexed and stretched to produce stationary

waves.

Screening machines of this kind are known from US 4,600,506 and US 2,980,254. The
formation of stationary waves by the alternate flexing and stretching of the screen at various
positions applies very high accelerations to the material being screened, assisting in
separating the material and allowing particles below a certain size to pass through the
screen. This effect is particularly marked when the screen vibrates locally between a
strongly convex shape and a moderately convex or substantially flat shape, that is to say
between a slack or flexed state and a taut or stretched state. In this vibratory movement it is
important to ensure that the openings in the screen repeatedly change shape, because this
tends to prevent them from becoming clogged with the material being screened and thus
helps to keep them clear. Typically the screen is mounted at an inclined angled so that
material is conveyed down the screen under the action of gravity as it is agitated by the

vibratory motion of the screen.

In the known screening machines this vibration of the flexible screen is obtained by
mounting the screen on supports which are alternately mounted on two separate frame
systems mounted to permit linear motion with respect to each other. At least one of the
frame systems is typically provided with an oscillating or eccentrically mounted mass which
is driven to impart a vibratory motion to the frame system. The frame systems are typically
mounted on a base frame by means of resilient mounts so that the base frame is isolated
from the vibratory motion of the frame systems. Such known systems generally rely on
resonance to create the desired out of phase movement between the two separate frame
systems to create vibratory movement of the screen. However, variations in the mass of the

two frame systems due to the application of varying loads on the screen and due to
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variations in the material to be screened makes it difficult to provide the required magnitude

of relative movement between the two frame systems for a wide range of materials and often
results in insufficient movement of the screen to ensure reliable operation of the screening

apparatus.

According to a first aspect of the present invention there is provided a screening apparatus
comprising a base frame;

a first support frame comprising a pair of longitudinally extending frame members bridged
by a plurality of mutually spaced apart first screen support members extending transversely
to the conveying direction of the material to be screened;

a second support frame having a pair of longitudinally extending frame members bridged by
a plurality of mutually spaced apart second screen support members extending transversely
to the conveying direction of the material to be screened;

said first and second support frames being arranged such that said plurality of first screen
support members are interposed in alternating relationship between said plurality of second
screen support members;

a flexible screen being carried by said plurality of first and second screen support members,
said screen having apertures of predetermined size to allow particles smaller than said
predetermined size to pass therethough whereby particles larger than said predetermined size
are retained on the screen for screening material placed on the screen;

a drive means being provided for imparting a substantially linear reciprocating motion to the
first support frame with respect to the second support frame to effect relative movement
between said first and second screen support members, whereby adjacent pairs of said first
and second screen support members alternately approach each other and recede from each
other in such a way that the screen between them is alternatively flexed and stretched to
produce stationary waves, wherein the drive means is coupled between the base frame and
the first support frame to impart substantially linear reciprocating motion to the first support

frame with respect to the base frame.

In one embodiment the second support frame may be coupled to the base frame to be fixed

with respect to the base frame.

In an alternative embodiment the second support frame may be coupled to the base frame by

means of a drive means to impart substantially linear reciprocating motion to the second
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support frame with respect to the base frame. Preferably said drive means is arranged and/or

controlled such that the motion of the second support frame is out of phase with the motion
of the first support frame. A single drive means may be provided for imparting motion to
both said first and second support frames. Alternatively a separate drive means may be

provided for imparting motion to each of the first and second support frames.

The frame members of the first support frame may be arranged to lie between the frame
members of the second support frame. The first support frame may be mounted on the base
frame and the second support frame may be mounted on the first support frame. In one
embodiment the second support frame is suspended from the first support frame via a
plurality of elongate hanger members to allow relative movement between the first and
second support frames in the normal conveying direction of the material to be screened on
the flexible screen. Alternatively both the first and second support frames may be directly

mounted on the base frame.

In one embodiment said drive means comprises a rotatably driven shaft having at least one
eccentrically arranged bearing surface upon which is journalled a first end of a connecting
rod, a second end of the connecting rod being connected to a respective one of said first and
second support frames such that rotary motion of the shaft is translated into reciprocating

motion of said respective support frame.

Preferably said second end of the connecting rod is connected to the respective support
frame by a connection means comprising an outer polygonal member provided on one of
said second end of the connecting rod and said respective support frame and an inner
polygonal member provided on the other of the second end of the connecting rod and the
respective support frame, said inner polygonal member being located within the outer
polygonal member, said inner member being angularly offset with respect to the outer
member to define a plurality of chambers between the walls of the inner and outer members,
one or more resilient members, such as elastomeric blocks, preferably rubber blocks, being
provided in said plurality of chambers, wherein said resilient members are placed under
compressive strain during pivotal movement of the connecting rod with respect to a
respective one of the first and second support frames to either side of a substantially central

neutral position.
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Preferably both of said first and second support frames are coupled to the base frame via

respective connecting rod journalled on a respective eccentrically arranged bearing surface
of the shaft for imparting reciprocating motion to said first and second support frames,
preferably said respective bearing surfaces being angularly offset with respect to each other,
preferably by 180° such that said first and second transverse members are linearly

reciprocated in opposing directions.

Preferably said first support frame is mounted on the base frame via resilient mounting
means permitting linear oscillating motion of said first support frame with respect to said
base frame. Preferably said resilient mounting means comprise elastomeric blocks mounted
between the base frame and the first support frame such that the elastomeric blocks are
exposed to shear strain during said linear oscillating motion of the first support frame with

respect to the base frame.

In one embodiment said second support frame is mounted on said first support frame via
linkage means permitting substantially linear oscillating movement of said second support
frame with respect to said first support frame. Preferably said linkage means comprise a
plurality of elongate hangers extending between the longitudinally extending frame
members of the first support frame and the longitudinally extending frame members of the
second support frame, whereby the second support frame is supported by the first support

frame.

Upper and lower ends of each elongate hanger may be pivotally connected to respective first
and second support frames by connection means permitting pivotal movement about a
respective axis extending transverse to the longitudinal frame members of the first and
second support frames. Preferably each connection means comprises an outer polygonal
member and an inner polygonal member, said inner polygonal member being located within
the outer polygonal member and member being angularly offset with respect to the outer
member to define a plurality of chambers between the walls of the inner and outer members,
one or more resilient members, such as elastomeric blocks, preferably rubber blocks, being
provided in said plurality of chambers, wherein said resilient members are placed under
compressive strain during pivotal movement of the respective hanger member with respect
to the first and second support frames to either side of a substantially central neutral

position.
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Embodiment of the present invention will now be described, by way of example only, with

reference to the accompanying drawings, in which:-

Figure 1 is a side view of a screening apparatus in accordance with an embodiment of the
present invention;

Figure 2 is a plan view of the screening apparatus of Figure 1;

Figure 3 is an end view of the screening apparatus of Figure 1;

Figure 4 is a detailed view of the region marked “D” in Figure 2;

Figure 5 is a further side view of the screening apparatus of Figure 1;

Figure 6 is a sectional view on line A-A of Figure 5;

Figure 7 is a detailed view of the region marked C on Figure 5,

Figure 8 is a detailed sectional view of the region marked B on Figure 6;

Figure 9 is a plan view of a screening apparatus in accordance with a further embodiment of
the present invention;

Figure 10 is a sectional view of the screening apparatus of Figure 9 on line C-C,

Figure 11is a detailed view of region F of Figure 10; and

Figure 12 is a detailed view of region E of FigurelO.

A screening apparatus in accordance with a first embodiment of the present invention is s
illustrated in Figures 1 to 8 and comprises a base frame 10 upon which is mounted first and
second screen support frames 12,14. The first support frame 12 comprises a pair of parallel
longitudinally arranged side beams 16,18 bridged by a plurality of mutually spaced apart
first screen support members 20 extending transversely to the normal conveying direction of
the material to be screened. The second support frame 14 comprises a pair of parallel
longitudinally arranged side beams 22,24 spaced to be located on either side of the first
support frame 12, said side beams 22,24 being bridged by a plurality of mutually spaced
apart second screen support members 26 extending transversely to the normal conveying
direction of the material to be screened, wherein the first and second support frames 12,14
are mounted on the base frame 10 such that said plurality of first screen support members 20
are interposed in alternating relationship between said plurality of second screen support

members 26.
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A flexible screen 28 is attached to and carried by said plurality of first and second screen

support members 20,26, said screen 28 having apertures of predetermined size to allow
particles smaller than said predetermined size to pass therethough whereby particles larger
than said predetermined size are retained on the screen for screening material placed on the

screen.

A discharge shoot 30 is mounted on a downstream end of the first support frame 12 for

receiving material from the screen 28.

The first support frame 12 is mounted on the base frame 10 via four rubber mounting bushes
32 respectively located adjacent each end of the each side beam 16,18 of the first support
frame 12 whereby the first support frame 12 is permitted to reciprocate in a linear fashion
with respect to the base frame 10, the bushes 32 being exposed to a shear strain during
displacement of the first frame 12 with respect to the base frame 10 thus providing a biasing
force towards a neutral central position of the first support frame 12 and absorbing the
kinetic energy of the first support member 12 as it approaches its limits of movement with

respect to the base frame 10.

The second support frame 14 is suspended from the first support frame 12 by means of four
elongate hanger members 34 respectively located adjacent each end of the side beams
16,18,22,24 of the first and second support frames 12,14. The ends of the hanger members
34 are pivotally connected to the side beams 16,18,22,24 of the first and second support
frames 12,14 by connection means permitting relative movement between the first and
second support frames 12,14 in the normal conveying direction of material to be screened,
parallel to the longitudinal side beams 16,18,22,24 of the support frames 12,14, such that the

second support frame 14 effectively swings from the first support frame 12.

As shown in Figure 7, each connection means comprises concentrically mounted outer and
inner member 36,38, each outer member being mounted on a side beam of a respective
support frame 12,14 and each inner member being mounted on an end of a respective hanger
member 34. Both the outer and inner members 36,38 of each connection means have a
square cross section and said inner member 38 being located within the outer member 36
and member being angularly offset with respect to the outer member by 45° to define a

plurality of chambers between the walls of the inner and outer members 36,38, a rubber
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7
block 40 being provided in each chamber, wherein said rubber blocks are placed under

compressive strain during pivotal movement of the respective hanger member 34 with
respect to the first and second support frames 12,14 to either side of a substantially central
neutral position during reciprocating motion of the support frames 12,14 relative to one
another. Such connection means are similar to those used in simple trailer and caravan
suspension arms and provide a reliable, robust and hard wearing pivot function while

providing a resilient biasing action and good shock absorption.

A drive motor 42 is mounted on the base frame 10, preferably at a first end of the base frame
10 comprising an upstream end of the screening device in relation to the normal direction of
travel of the material to be screened. An elongate shaft 44 is rotatably mounted on said first
end of the base frame 10 to extend transversely across the width of the base frame 10, a
drive belt (not shown) extending between respective pulleys 46,48 respectively mounted on
the drive motor 42 and shaft 44 whereby the drive motor 42 can be driven to rotate the shaft

44.

A pair of spaced apart eccentrically arranged bearing surfaces are provided at each end of
the shaft 44 upon which are journalled respective connecting rods 50,52,54,56 via suitable
bearings. An inner pair of connecting rods 52,54 are connected to respective side beams
16,18 of the first support frame 12 while an outer pair of connecting rods 50,56 are
connected to respective side beams 22,24 of the second support frame 14. The bearing faces
associated with the outer pair of connecting rods 50,56, are offset from those of the inner
pair of connecting rods 52,54 other by 180° so that the first and second frame 12,14 are
moved in reciprocating manner with respect to the base frame 10 in opposite directions as
the shaft 44 is rotated, causing the first and second screen support members 20,26 to move
relative to one another so that adjacent pairs of first and second screen support members
20,26 alternately approach each other and recede from each other in such a way that the

screen 28 between them is alternatively flexed and stretched to produce stationary waves.

Each connecting rod 50,52,54,56 is connected to a respective one of the first and second
support frames 12,14 by a resilient connection means 58 similar to those used to connect the
hanger members 34 to the first and second support frames 12,14. Each connection means 58
includes concentrically mounted inner and outer members defining chamber therebetween

containing rubber blocks whereby the rubber blocks are placed under compressive strain
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during pivotal movement of the respective connecting rod 50,52,54,56 with respect to the

first and second support frames 12,14 to either side of a substantially central neutral position

during rotation of the shaft 44.

The rubber bushes 32 act to absorb the forces applied to the base frame 10 by the first
support frame 12 due to the acceleration and deceleration of the first support frame 12 under
the action of the connecting rods 42,44 while the rubber blocks of the connection means of
each hanger member absorb the forces applied to the first and second frame members by the

connecting rods and bias the frame members towards a central neutral position.

In use, the base frame 10 is mounted at a suitable inclined angle with the discharge chute 30
lowermost and positioned so that material to be screened is delivered onto an upstream end
of the screen 28. Rotation of the shaft 44 causes the connecting rods 50,52,54,56 to drive the
first and second support frames 12,14 backwards and forwards with respect to one another,
causing adjacent first and second screen support members 20,26 to alternately approach each
other and recede from each other in such a way that the screen 28 between them is

alternatively flexed and stretched to produce stationary waves.

The rubber bushes 32 and resilient connection means of the hanger members 34 and
connecting rods 50,52,54,56 act as shock absorbers, reducing the vibrations transmitted to
the base frame 10 and preventing excessive loading on the components of the screening

apparatus.

A screening apparatus in accordance with a further embodiment of the present invention is
illustrated in Figures 9 to 12. The screening apparatus is very similar to that of the first
embodiment, comprising a base frame 10 upon which is mounted first and second screen
support frames 12,14. The screening apparatus of the second embodiment differs from the
first embodiment in that it includes two vertically stacked flexible screens comprising an
upper screen 28A and a lower screen 28B. The upper screen 28A is provided with apertures
of a first predetermined size to allow particles smaller than said first predetermined size to
pass therethrough, while larger particles are retained on the upper screen 28A, while the
lower screen 28B is provided with apertures of a second predetermined size, smaller than
said first predetermined size, to allow particles smaller than said second predetermined size

to pass therethrough. As such, the stacked upper and lower screens 28A,28B provided a
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three stage separating process, larger particles being retained on the upper screen 28A to be

collected from an upper discharge chute 30A, intermediate particles being retained on the
lower screen 28B to be collected from a lower discharge chute 30B and the remaining

smallest particles being collected below the second screen 28B.

The first support frame 12 comprises a pair of parallel longitudinally arranged side beams
16,18 bridged by upper and lower rows of mutually spaced apart first screen support
members 20A,20B extending transversely to the normal conveying direction of the material
to be screened. The second support frame 14 comprises a pair of parallel longitudinally
arranged side beams 22,24 spaced to be located on either side of the first support frame 12,
said side beams 22,24 being bridged by upper and lower rows of mutually spaced apart
second screen support members 26A,26B extending transversely to the normal conveying
direction of the material to be screened, wherein the first and second support frames 12,14
are mounted on the base frame 10 such that each of the upper and lower rows of first screen
support members 20A,20B are interposed in alternating relationship between respective

upper and lower rows of second screen support members 26A,26B.

The upper screen 28A is attached to and carried by said upper rows of first and second
screen support members 20A,28 A while the lower screen 28B is attached to and carried by

said lower rows of first and second screen support members 20B,28B.

The screening apparatus of the second embodiment operates in the same way as that of the
first embodiment, an electric drive motor 42 being mounted on the base frame 10 coupled to
the support frames 12,14 to impart reciprocating motion to the support frames 12,14 relative
to one another to produce stationary waves on each of the upper and lower flexible screens

28A,28B.

The invention is not limited to the embodiment(s) described herein but can be amended or

modified without departing from the scope of the present invention.
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Claims

1. A screening apparatus comprising a base frame;

a first support frame comprising a pair of longitudinally extending frame members bridged
by a plurality of mutually spaced apart first screen support members extending transversely
to the conveying direction of the material to be screened;

a second support frame having a pair of longitudinally extending frame members bridged by
a plurality of mutually spaced apart second screen support members extending transversely
to the conveying direction of the material to be screened;

said first and second support frames being arranged such that said plurality of first screen
support members are interposed in alternating relationship between said plurality of second
screen support members;

a flexible screen being carried by said plurality of first and second screen support members,
said screen having apertures of predetermined size to allow particles smaller than said
predetermined size to pass therethough whereby particles larger than said predetermined size
are retained on the screen for screening material placed on the screen;

a drive means being provided for imparting a substantially linear reciprocating motion to the
first support frame with respect to the second support frame to effect relative movement
between said first and second screen support members, whereby adjacent pairs of said first
and second screen support members alternately approach each other and recede from each
other in such a way that the screen between them is alternatively flexed and stretched to
produce stationary waves, wherein the drive means is coupled between the base frame and
the first support frame to impart substantially linear reciprocating motion to the first support

frame with respect to the base frame.

2. An apparatus as claimed in claim 1, wherein the second support frame is coupled to

the base frame to be fixed with respect to the base frame.

3. An apparatus as claimed in claim 1, wherein the second support frame is coupled to
the base frame by means of a drive means to impart substantially linear reciprocating motion

to the second support frame with respect to the base frame.
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4. An apparatus as claimed in claim 3, wherein said drive means is arranged and/or

controlled such that the motion of the second support frame is out of phase with the motion

of the first support frame.

5. An apparatus as claimed in claim 4, wherein a single drive means is provided for

imparting motion to both said first and second support frames.

6. An apparatus as claimed in claim 4, wherein a separate drive means is provided for

imparting motion to each of the first and second support frames.

7. An apparatus as claimed in any preceding claim, wherein the frame members of the
first support frame are arranged to lie between the frame members of the second support

frame.

8. An apparatus as claimed in any preceding claim, wherein the first support frame is
mounted on the base frame and the second support frame is mounted on the first support

frame.

9. An apparatus as claimed in claim 8, wherein the second support frame is suspended
from the first support frame via a plurality of elongate hanger members to allow relative
movement between the first and second support frames in the normal conveying direction of

the material to be screened on the flexible screen.

10.  An apparatus as claimed in any of claims 1 to 7, wherein both the first and second

support frames are directly mounted on the base frame.

11.  An apparatus as claimed in any preceding claim, wherein said drive means comprises
a rotatably driven shaft having at least one eccentrically arranged bearing surface upon
which is journalled a first end of a connecting rod, a second end of the connecting rod being
connected to a respective one of said first and second support frames such that rotary motion

of the shaft is translated into reciprocating motion of said respective support frame.

12.  An apparatus as claimed in claim 11, wherein said second end of the connecting rod

is connected to the respective support frame by a connection means comprising an outer
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polygonal member provided on one of said second end of the connecting rod and said

respective support frame and an inner polygonal member provided on the other of the
second end of the connecting rod and the respective support frame, said inner polygonal
member being located within the outer polygonal member, said inner member being
angularly offset with respect to the outer member to define a plurality of chambers between
the walls of the inner and outer members, one or more resilient members, such as
elastomeric blocks, preferably rubber blocks, being provided in said plurality of chambers,
wherein said resilient members are placed under compressive strain during pivotal
movement of the connecting rod with respect to a respective one of the first and second

support frames to either side of a substantially central neutral position.

13.  An apparatus as claimed in claim 11 or claim 12, wherein both of said first and
second support frames are coupled to the base frame via respective connecting rod
journalled on a respective eccentrically arranged bearing surface of the shaft for imparting
reciprocating motion to said first and second support frames, preferably said respective
bearing surfaces being angularly offset with respect to each other, preferably by 180° such
that said first and second transverse members are linearly reciprocated in opposing

directions.

14. An apparatus as claimed in any preceding claim, wherein said first support frame is
mounted on the base frame via resilient mounting means permitting linear oscillating motion

of said first support frame with respect to said base frame.

15. An apparatus as claimed in claim 14, wherein said resilient mounting means
comprise elastomeric blocks mounted between the base frame and the first support frame
such that the elastomeric blocks are exposed to shear strain during said linear oscillating

motion of the first support frame with respect to the base frame.

16. An apparatus as claimed in any preceding claim, wherein said second support frame
is mounted on said first support frame via linkage means permitting substantially linear

oscillating movement of said second support frame with respect to said first support frame.

17.  An apparatus as claimed in claim 16, wherein said linkage means comprise a

plurality of elongate hangers extending between the longitudinally extending frame
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members of the first support frame and the longitudinally extending frame members of the

second support frame, whereby the second support frame is supported by the first support

frame.

18. An apparatus as claimed in claim 17, wherein upper and lower ends of each elongate
hanger are pivotally connected to respective first and second support frames by connection
means permitting pivotal movement about a respective axis extending transverse to the

longitudinal frame members of the first and second support frames.

19.  An apparatus as claimed in claim 18, wherein each connection means comprises an
outer polygonal member and an inner polygonal member, said inner polygonal member
being located within the outer polygonal member and member being angularly offset with
respect to the outer member to define a plurality of chambers between the walls of the inner
and outer members, one or more resilient members, such as elastomeric blocks, preferably
rubber blocks, being provided in said plurality of chambers, wherein said resilient members
are placed under compressive strain during pivotal movement of the respective hanger
member with respect to the first and second support frames to either side of a substantially

central neutral position.
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