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The invention relates to apparatus for removing foreign matter from a stream of particulate material as part of the process-
ing of that material; and finds particular but not exclusive use in the removal of foreign matter such as paper or other items from
a stream of tobacco material as part of the pre-processing of tobacco in the manufacture of cigarettes. The apparatus for remov-
ing foreign matter from a stream of material comprises conveyor means arranged to carry the stream of material from an inlet
(16), successively past an agitation stage (20) in which the material is agitated to spread it evenly over the conveyor means, a de-
tection stage (21) at which foreign matter is detected optically, and an ejection stage (22) at which detected foreign matter is re-
moved from the material, and is delivered to an exit (18) from the apparatus.
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IMPROVEMENTS IN OR RELATING TO APPARATUS FOR REMOVING FOREIGN
MATERIAL FROM A STREAM OF PARTICULATE MATERTIAL

This invention relates to apparatus for removing
foreign matter from a stream of particulate material as part
of the processing of that material; and finds particular but
not exclusive use in the removal of foreign matter such as
paper or other items from a stream of tobacco material as
part of the pre-processing of tobacco in the manufacture of
cigarettes.

The invention is particularly useful, although not
exclusively so, in the removal of foreign matter which has a
significantly 1lower terminal velocity 1in air than the
components of the main stream of material from which the
foreign matter is removed, for instance the removal of paper
from tobacco. A typical e%amp1é of thé app1icaﬁion of the
invention is in the removal of paper remenants from tobacco
material when cigarettes which have faults in them after
their manufacture, are broken up so that the tobacco therein
can be re-~used in making fresh cigarettes. In such a case it
is necessary to remove the remenants of the cigarette papers
from the tobacco.

The foreign matter in the stream of material may be
detected by optical means. A suitable optical detection
system is described in our copending international Patent
Application published under the numbers W088/03063, which
describes a system for optically detecting the presence of an
unacceptable particle across the width of the stream of

material, and then rejecting it by operating a specific
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solenoid value, to provide compressed air to a specific
nozzle, located adjacent the path of the stream of material,
.to blow a detected unacceptable particle from the main stream
flow. However, due to the rapid djffusion of air as it
Teaves the nozzle in such a prior arrangement, significant
quantities of good material are also rejected with the
~unacceptable particle from the product stream, particularly
when the material being treated is tanglieable material such
aé tobacco. Further airborn debris and dust is generated in
the areas of the machine with consequent inconvenience.

An object of the present invention is to provide an
appafatus which improves the discrimination of the removal
action, whilst 1Timiting the generation of airborn debris from
the pppcess of unapceptab1e particles removal.

A further object of the invention is to provide a
method whereby the rejection area is-tightly controiled and
any dust generated by the rejection process is carried away
with the rejected particles of foreign matter rather than
being diffused into the atmosphere surrounding the machine
and in the prior art arrangement.

Accordingly the present invention providesrapparatus
for kemoving foreign matter from. a stream of material
comprising conveyor means arranged to carry the stream of
material from an inlet, successively past an agitation stage
in which the material is agitated to spread it evenly over
the conveyor means, a detection stage at which foreign matter

is detected optically, and an ejection stage at which
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detected foreign matter is removed from the material, to an
exit from the apparatﬁs.

In order to promote a fuller understanding of ﬁhe
above and other aspects of the present invention an
embodiment of the present invention will now be described by
way of example only with reference to the accompanying
drawings in which:

FIGURES 1 and 1A show a schematic side elevation of
a machine embodying the invention, |

FIGURE 2 shows a schematic block diagram of the
electrical and electronics circuitry associated with the
optical detection of the embodiment of Figure 1,

FIGURE 3 shows a schematic prospective view of an
alternative feed arrangement for material to the embodiment
of Figure 1,

FIGURE 4 shows a schematic diagram of an alternative
arrangement for removing a foreign matter from the .embodiment
of Figure 1 and,

FIGURES 5 & 6 show schematic diagrams of alternative
arrangements of Figure 4.

FIGURE 1 shows a schematic cross sectional side
elevation of a machine for removing foreign matter from a
stream of material being processed, particularly for removing
such matter as paper from a stream of tobacco material.

* The machine comprises a floor mounted frame 10, which
includes a support surface indicated generally at 11, for a

conveyor belt 12 which is carried between main rollers 13 &
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14 over the support sur%ace 11, and tensioned by jockey
pulleys 15, 16 & 17. The belt 12 1s perforated so as to make
it readily porous to air; th1e still being able to support
the aqceptab1e particle size of the material to be processed
without it passiné through the conveyor. An inlet 16 for
material to be processed is provided at the left hand end of
the machine as seen in Figure 1 in the form of an aperture in
an upper cover structure 17 which cdvers and enclaoses the run
of the conveyor belt 12 over the support 11. An outlet 18 is
'provided aﬁ the right hand end of the machine in the form of
a dﬁscharge chute to carry treated material away to some
other process.

The conveyor belt 12 carries material from left to
right as seen in Figure 1 from ;he inlet 16 through a first
stage 20 in which the material on the belt is agitated or
fﬂuidized, partly to spread the material evenly over the
beit, and partly to attempt to bring the foreign matter to be
removed to the surface of ther material on the belt, an
inspection stage 21 at which the foreign material is
detected, a foreign matter ejection stage 22 at which the
foreign mattef is removed from the material on the belt 12,
and fina1]y to the exit 18 to Teave the machine.

| The first stage 20 is arranged with an air chamber
30 1mméd1até1y beneath the support 11, so that air supplied
to the chamber 30 through a conduit 31, may pass through the
belt 12 1nto thermateria1 thereon at that stage to agitate

and/or fluidize it. Because the foreign matter to be
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removed, often has a lower terminal velocity in air than the
tobacco material to be treated, apart from spreading the
material more evenly across the width of the belt, this
agitation or fluidization, causes the foreign material,
particularly paper, to rise to the surface of the material on
the belt. The cover 17 is formed with an upper chamber 32
over the chamber 30, to collect any dust or other material
blown from the material on the belt, and this is extracted by
air flow from the chamber 32 to the next stage as will be
discussed below.

The inspection stage 21 comprises a Tlight box 40
having an open lower face which cooperates with an aperture
in the top of the housing 17. The 1light box contains lamps,
indicated schematically at 41, arranged to illuminate the
material én the belt 12 as it passes beneath the 1ight box.
An optical scanning device 42 is mounted above the Tight box
40 and arranged to observe through an aperture 43 in a plane
44, a nérrow band across the width of the material on the
conveyor belt 12. The scanning device 42 is mounted on a
seperate support frame (not shown) to be supported 1in
position from the ground independantly of the rest of the
machine, so that it is not subjected to the vibrations
created by the machine.

At the detection stage 21, the support 11 is provided
with apertures 45, 4§ & 47 beneath the belt 12 which are a
communication with a chamber 48 and thus to an air extraction

conduit 49. A further aperture 50 1is provided beneath the
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-belt in communication with the chamber 51t also 1in
communication with the extraction conduit 49. This means
that air may be drawn through the material from the belt,
through the belt and ocut through the bonduit 49 carrying with
it dust from the chamber 32 as mentioned above, and from the
material Qenera]]y. The drawing of air through the belt also
he1p§ to hold the material on the belt more firmly to carry
it reliably beneath the scanning device 42.

In operation the scanning device 42 scans as
mentioned a narrow band across the width of the belt, and
optically (and electronically) detects in a manner to be
discussed below, any foreign matter on the material passing
beneath it on the belt 12 so that it can be ejected from the
belt 12 at the ejection stage 22 in an manner to be discussed
beiow.

The ejection stage 22 comprises two rows 60 and 61
of nozzles, 62, shown in more detail in Figures ia, disposed
beneath the belt 12 in the support 11. The rows of nozzles
60 -and 61 are arranged so that the nozzle 62 are staggered
across the width of the belt, and in this embodiment there

are thirty two nozzles 62 in each row thus providing a nozzle
to cover each of 64 distinct strips or bands across the width
of the belt. The nozzle 62 are arranged to supply a blast of
air through the belt 12 and the material on it, to eject the
foreign material detected off the belt 12, A hood 63 is
embodied in the upper cover 17 connected to an outlet conduit

64 through which air is continously drawn, so that any

i
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foreign material ejected by a nozzle 62 is carried away from
the housing 17 and from the machine. As seen in Figure 1a,
the rows of nozzles 60 and 61 are carried on a support bar 65
adjustably supported on screw adjusters 68, from a beam 67
forming part of the machine frame 10. This means that the
nozzle 62 can be positioned accurately immediately beneath
the belt 12. Each nozzle 62 is provided with an associated
solenoid operated air valve 68, to control the supply of air
to the nozzle from a reservoir chamber 69 forming part of the
frame 10, by flexible conduits 70.

Material passes from the ejection stage 22 to fall
into the exit chute at the exit 18 and the machine.

FIGURE 3 shows in schematic block form the
electric/electronic circuit for controlling the solenoid
valves 68 in response to detection of foreign matter by the
scanning device 42.

The scanning device 42 is arranged to provide a video
signal on the line 70, corresponding to the light intensity
reflected from the material on the belt 12 in a single line
scan across the width of the belt. The scanning device 42
also provides a synchronfsation pulse on the line 71 to
coincide with the commencement of the video signal 1line on
the 1ine 70. The sync pulse is passed to a decoder 72 which
embodies a counter arranged to divide the time interval of
the video line into a series of elements, in this embodiment
64, to divide the width of the belt 12 in effect into 64

bands. The counter 1is started by the sync pulse on line 71,
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The video signal 1is passed to an amplifier 73 the gain of
which is controlled by control means 74, in depnsndence from
the count from the counter in the decoder 72, indicative of
the -instantaneous position across the belt 12 that isr
represented by that instant in the video signal. By this
means the response of the scanning device may be corrected to
make it substantia]ly 1inear despite the effects of uneven
ilTlumination and of scanning geometry, which would otherwise
‘tend to make the scanning device more sensitive at the centre
of the belt than at the sides. The decoder 72 provides an
output on the Tine 75 during the scan time of the video
signal on the 1ine 70 to activate a sampling means 76 which
stores the content of the video signal passed through it from
the amp]ffiér' 73. An averaging device 77 produces - a
baékground compensation signal from averaging .the video
sigﬁa] stored in the sample device 76, and a signal
representative of the average output of the scanning device
42 is passed to a summing ampiifier indicated at 78, together
with arpre-set value for a detection threshold which is set
on the 1ine 79. The output of the summing amplifier 78, and
of the émp]ifier 73, are passed to a comparator 80, so that
when the video signal from the scanning device 42 exceeds a
pre-set threshold above the background output, the comparator
80 gives an output signal on the line 81. Thus when foreign
matter is detected by the scanning device, by giving a video
output markedly different from the background level, a matter

detected signal occurs on the line 81. The count from the
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counter in the decoder 72 is also passed on the a line 82 to
a band or strip decoding means 83, in conjunction with the
foreign matter detected signal on the line 81, so that a
corresponding signal occurs on an appropriate one of a series
of parallel outputs 84, which corresponds to the band or
strip across the belt at which the foreign matter was
detected. The outputs 84 are each connected to a respective
one of the series parallel shift registers indicated by the
block 85. These shift registers are each clocked to carry
any input signal along their logical length, in synchronism
with the speed of the belt 12 through the machine; so that an
output occurs, on one of the series of parallel lines 86, at
an instant corresponding to the arrival of detected foreign
matter at the ejection stage 22. The output lines 26 are
connected through driver circuits 1in the block 87 to the
solenoids 68 to control the air nozzles 62, so that the
appropriate one is energised, to eject the detected foreign
matter. Pre-set means indicated at 88 may be used to alter
the starting point in any of the shift registers of the block
85, to adjust the operation of the nozzle 62 for instance to
compensate for their staggered relationship. Similar means
83 may be provided for controlling the length of time that
the solenoids 68 are operated thus to control the Tlength of
air blast in operation of the machine.

Thus it can be seen that the embodiment provides
apparatus for receiving material, spreading it out on a

conveyor, passing it beneath évscanning device to detect
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foreign matter and subsequently ejecting that foreign matter,
down stream from the scanning device, to seperate it from the
main stream of material which then leaves the machine.

FIGU?E 3 shows an alternative arrangement for feeding
material to the belt 12 of the embodiment of Figure 1. -In
this arrangement material to be fed to the machine passes
down a chute 100 to fallionto the conveyor belt 12 across a
perforated plate 101. An air chamber 102 is provided behind
the plate 101 and air 1is supplied to that chamber under
preésure so that a series of air Jjets are emitted from the
platé 101, Thus the material is subjected to thess air jets
as it passes across the plate 101 and is subjected to an
agitating and mixing effect somewhat similar to the process
known as winnowing.

FIGURE 4 shows an alternative arrangement of the
ejection stage 22. In this arrangement instead of air jets
being positioned beneath the belt, suction nozzles 110 are
arranged above the belt and connected to an air extraction
device 111 by means of a conduit 112. The nozzles 1f0 are
individually movable in vertical direction from a position
shown in full in Figure 4 to a position, shown at 113 in
dotted outline, immediately above the belt 12. The suction
nozzles 110 correspond in number, and may correspond in
afrangement, to the air nozzles 62. On detection of foreign
matter in the material on the belt 12, the appropriate nozzle
110 is moved down at the appropriate instant to draw the

unwanted foreign matter out of the material on belt 12, to be
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collected in a container 114.

FIGURES 5 & 6 show alternative arrangements for the
nozzles 110 of Figure 4. In these arrangements the nozzles
are mounted on a transverse bar 115 which is in turn carried
on a link 116 driven by an associated crank 117, to cause the
nozzles to move in an eliptical path as indicated in the
diagram. With this arrangement when foreign matter, is
detected, at the appropriate instant in time, the crank 117
is caused to rotate so that the nozzles 110 execute their
eliptical path to come down onto the foreign matter carried
on the material on the belt 12, follow it briefly along the
path of the belt, and then 1ift it away for disposal. The
appropriate nozzle 110 is connected to a -source of vacuum by
a respective so]enoid-va]Qe 119 by way of a flexible pipe
118 carried on a mounting beam 120,

The arrangements of Figures 4, 5 & 6 may be used with
a belt 12 which is not perforated, in which case it would be
preferable to use the feed means of Figure 3. In such an
arrangement the chambers 48 and 51 beneath the detection
stage may also be omitted. In some circumstances the
arrangements of Figures 4, 5 & 6 may be used together with
the air jets of Figures 1 or 1a with a perforated belt 12,

Thus it can be seen that the embodiment of the
invention provides apparatus for receiving a stream of
material, spreading it upon on moving belt, detecting foreign
matter lying 1in that material and removing from the belt

before the stream of material Jeaves the machine.
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CLAIMS:

1. Apparatus for removing foreign matter from a
stream of material comprising conveyor means arranged to
carry. the stream of material from an inlet (16), successively
past an agitation sﬁage' (20) 1in which the material 1is
agitated to spread it evénly over the conveyor means, a
rdetection stage (21) at which foreién matter is detected
optically, and an ejection stage (22) at which detected
foreign matter is removed from the material, to an exit (18)
from the apparatus.

2. Apparatus as claimed in Claim 1, in which said
conveyor means comprisés a perforated or porous conveyor belt
(12) supported over a ruh bétween the inlet and outlet by
means of a support (11).

3. Apparatus as claimed in b]aim 2, in which said
agitation stage comprises meané (30,31) for blowing air
through a portion of the conveyor belt from below, to agitéte
or. fluidize thermatefial thereon, meané (32) for cgntaining
any dust, or other small particles, which may leave the
material, and means (48,49,51) for extracting such dust from
the apparatus.

4. Apparatus as claimed in-C1aim 3, in which the
méans for.containingrtherdust comprises a hood disposed over

that portion of the belt.

5. Apparatus as claimed in Claim 2, in which said

agitation stage comprises an inclined perforated plate (101)
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disposed between the inlet and the conveyor belt, and means
(102) to blow air through the plate so that material passing
from the inlet to the belt over the perforated plate is
agitated or fluidized. '

6. Apparatus as claimed in any one of Claims 2 to
5, in which said detection stage comprises a light box (46)
disposed over the conveyor means, including means (41) to
i1luminate the material on the conveyor belt, and scanning
means (42) arranged to optically scan a narrow band across
the width of the conveyor belt to detect foreign matter in or
on the material on the conveyor, and to determine its
location across the width of the conveyor belt.

7. Apparatus as claimed in Claim 6, in which the
scanning means determines such position across the width of
the conveyor belt in one of a plurality of discrete strips or
bands along the conveyor belt.

8. Apparatus as claimed in Claim 6, in which means
(48,49,51) 1is provided for extracting air from beneath a
pdrtion of the conveyor belt beneath the light box, to hold
the matér1a1 on the conveyor belt over the detection stage.

8.  Apparatus as claimed in Claim 7, in which the
extracting means comprises a number of apertures (45,46,47)
in said support communicating with one or more chambers
(48,51) disposed beneath the support and communicating with
extraction means.

10. Apparatus as claimed in Claim 8, as dependant
upon Claim 3, in which said iextracting means provides the

i

i
i
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means for extracting'dust from said agitation stage.

11. VApparatus as claimed in any one of Claims 2 to
9, in which the ejection stage comprises a p]ura]ity air of
jets (62) arranged beneath the conveyor belt, a selected one
of which is operable in response to detection of foreign
matter at said detection stage to remove that foreign matter.

12. Apparatus as claimed in Claim 11, in which the
air Jjets are 1hdiQidua11y controllable 1in response to the
detection of foreign matter.

13. Apparatus as claimed in Claim 11 or 12 as
dependant upon Claim 7, in which the air jets are arranged in
one or more rows across the width of the conveyor belt, with
one air jet being disposed beneath each such strip or band of
the conygyér belt. |

14. Apparatus as claimed in Claim 11, 12 or 13, in
which delay means is provided operative between the scanning
means and the air jets to synchronise the operation of the
air jets with the arrival of detected foreign matter at the
ejection stage from the detection stage.

15. Apparatus as claimed in Claim 14, in which the
delay means comprises an electronic shift register which is
arranged to be clocked in synchronisation with the movemeht
of the conveyor belt.

16. Apparatus as claimed in Claim 15, in which a
respective shift register is ﬁrovided for each air;jet.

17. Apparatus as claimed in any one of CWa%ms 11 to
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16, 1in which the ejection stage comprises a hood (63)
disposed over the air jets and connected to extraction means
to carry away ejected foreign matter.

18. Apparatus as claimed in any one of Claims 1 to
3, in which the ejection stage comprises a plurality of
suction nozzles (110) arranged over the conveyor belt, and
movable between an inoperative position clear of the belt
and an operative position immediately above the material on
the belt in response to detection of foreign matter at the
detection stage to remove that foreign matter.

19. Apparatus as claimed in Claim 18, in which the
suction nozzles are individually controllable in response to
the detection of foreign matter.

20. Apparatus as claimed in Claim 18 or 19, in which
the suction nozzles move substantially along with the

conveyor belt while in their operative position.
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