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adjacent to and substantially underneath said conveyor belt and orientated
with respect to said Separation of non-ferromagnetic metals from
conveyor to produce when actuated a field of fragmented material
magnetomotive force in which the lines of force are 5
70 at right angles to the said first direction; This invention relates to
the separation of non-    electrical drive means for said linear induction
motor ferromagnetic metals from fragmented material and   for providing an
alternating current supply to said has particular application to the
recovery of non-  motor at a power level and with a frequency to force,
ferromagnetic metals from fragmented scrap.         by means of the
travelling wave of magnetomotive 10  At present, when objects fabricated
from metal,  75 force produced by said linear motor a percentage of such as
cars and domestic appliances, reach the end  said non-ferromagnetic
material from said conveyor, of their useful life, they are initially
crushed and then  reception means situated adjacent said linear motor fed
into a so-called fragmentiser in which all parts,  means on a side of said
conveyor belt for receiving including solid metal parts are broken into
pieces,  non-ferromagnetic material forced from said con- 15 the maximum
dimension of which is unlikely to   80 veyor belt by the magnetomotive
force of said linear exceed about fifteen ortwenty centimetres. Wire
motor in the direction of travel of the magnetic field tends to form itself
into tangled ball-like masses but  when actuated; it is unusual for pieces
of other material to be   terminal reception means situated adjacent said
trapped in such entanglement. Ferrous metal is      conveyor belt at a
position downstream from said 20 extracted from the output of the
fragementiser using    85 linear motor induction for reception of the
material a magnetic separator. The remaining material is then  remaining on
said conveyor belt characterised in commonly hand sorted from a conveyor
belt. The     that the windings of the linear motor comprise ball-like
tangles of wire are readily removed but the  hollow tubes for the passage
of cooling water from a non-ferrous metal pieces are separated by experi-
suitable supply and that in operation primary cur- 25 enced operatives
recognising the objects of which  go rents of the order of thousands if
amperes are fed the pieces are broken fragments and knowing, from  through
the primary windings, the heat generated by experience, the metal of which
such pieces are     these high primary currents being substantially
commonly made. This is a relatively inefficient    dissipated by the
cooling water, and in that the pole procedure and a substantial proportion
of the non-  pitch of the motor is of the order of 5 cms to enable 30
ferrous material is not recovered. In addition, it is  95 efficient sorting
ofthe non-ferromagnetic metal from very labour-intensive.
the mixture of non-ferromagnetic material on the In the present invention
it is proposed to use a  conveyor belt. linear induction motor to remove
non-ferromagnetic   According to a further aspect of the present metals
from mixtures of materials. In the system the  invention the means for
feeding the mixture of 35 mixture of fragmented material is brought into
100 non-ferromagnetic material on to the conveyor belt proximity with a
linear induction motor primary so  comprises screening means to allow only
material that the non-ferromagnetic pieces of material, which  within
predetermined size limits on to the conveyor act as secondaries to the
linear induction motor    belt. This means may comprise one ormore screens
primary, are displaced out of the rest of the frag-  which may be of the
vibratory or rotary type. 40 mented material.
105   The power of the linear motor can thus be chosen It is an object of
the present invention to provide a  to induce sufficient flux in pieces of
a specified metal metal sorting system in which a linear motor system  to
remove these pieces from the belt. Pieces of a is used which can
economically sort the non-       denser metal for example though having a
large ferromagnetic material from a mixture of material, It  amount of flux
induced will not be removed because 45 is also an object of the present
invention to provide a  110 of their weight and thus the consequent
friction metal sorting system which can sort the individual  forces
involved in their movement. metals such as aluminium, brass, copper etc.
into    In a further aspect the invention provides a further theirvarious
categories. It is also an object of the  linear induction motor associated
with the conveyor present invention to be able to sort automatically the
belt at a position downstream from the first linear 50 smaller sizes of
non-ferromagnetic material and it is  .115 induction motor means. By
operating this further an object to be able to sortthe non-ferromagnetic
linear induction motor at a frequency and power material at a greater rate
than the present hand    higher than the first linear induction motor
pieces of sorting methods.                                   a denser metal
are removed by the second motor. It According to the present invention I
provide a    is thus possible to provide respective receptacles or 55 metal
sorting apparatus including a conveyor belt   120 bins associated with each
motorwhich will collect means forfeeding a mixture of non-ferromagnetic
different types of metal. material on to said conveyor belt, at a first
position,  One of the problems with a conveyor belt system drive means for
said, conveyor belt to move said   is that small pieces of a particular
metal can often be conveyor belt at a predetermined speed in a first
trapped under for example larger pieces of non- 60 direction;
125 metallic substance for example plastics material. linear induction
motor means situated as a second   This problem may be alleviated by the
above position along said conveyor belt said second posi-  described
screening process but a further solution tion being intermediate said first
position and the  may be found by performing a secondary sorting end of the
conveyor belt; said linear induction motor  action using a linear induction
motor mounted to 65 means being positioned with the faces of the motor  130
operate on material falling off the end of the    
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2 conveyor belt. This solution also obviates the prob-  the drawing.
Consequently, a circular object 12, held tern of friction between the
pieces of metal and the  stationary relative to the primary will move,
relative conveyor belt.                                    to the field
pattern along the path indicated by the Accordingly in a further embodiment
the present    dotted lines 14 and 16. It will be seen that, as the 5
invention provides a further linear induction motor  70 object 12 moves
along this path, it is subject to a means mounted adjacenttheend of
theconveyor in    magnetic field which rotates in the clockwise direc- a
position vertically below the end of the conveyor  tion as viewed in the
drawing. Consequently, if the belt such that non-ferromagnetic material
remaining  object 12 was a cylinder placed on a flat surface at on the
conveyor belt after removal of a portion of the  the level indicated by the
line 16, it would roll along 10 material bythefirst linearinduction motor
means  75 that surface in the oppositedirection to that of the and
reception means situated substantially vertically  travelling field of
magnetomotive force produced by below the end of the conveyor belt to catch
material  the linear induction motor primary. not deflected by the further
linear induction motor  In Figure 2, a longitudinal flux single-sided
linear and reception means situated to one side in a     induction motor
primary 20 is disposed with its 15 position to receive material deflected
by the further    80 working face upwards below a conveyor belt 22 on
linear induction motor means.                     to which a mixture of
pieces of material, including In a practical sorting system it may be more
non-ferrous metals, is to be deposited. In use, the convenient to incline
the conveyor with respect to  conveyor belt 22 moves in a direction
perpendicular the horizontal to give a more practical layout. This  to the
plane of the paper and the primary 20 20 may require adjustment of the
angle of orientation of   85 produces a field of magnetomotive force which
the linear induction motor with respect to the    travels from left to
right, as illustrated bythe arrow conveyor belt. Inclination of the
conveyor belt can  24. As will be understood from the foregoing also
provide for greater efficiency of operation of the  discussion of Figure 1,
pieces of non-ferromagnetic motor.
electrically conductive material disposed on the 25   Metal sorting systems
in accordance with the  go conveyor belt, such as the pieces 26 and 28, are
present invention will be more readily understood   subject to a field of
magnetomotice force which from the following description with reference to
the  travels from left to right and are also subject to a accompanying
drawings, in which:                 force which attempts to rotate in an
anti-clockwise Figure 1 is a schematic diagram illustrating the  direction.
In pieces such as piece 26, of dimensions 30 flux pattern produced by a
single-sided linear induc-   95 in the direction of the travelling field
substantially tion motor.                                      less than
half the pole pitch of the motor, the rotating Figure 2 is a transverse
cross-sectional view in  field predominates and such pieces are rolled to-
accordance with the invention, showing in cross   wards the left, as viewed
in Figure 2, off the side of sectional elevation a conveyorbeltand a single
the conveyor belt 22 and into a receptacle 30. On the 35 sided linear
induction motor.                 100 other hand, pieces 28 of dimensions in
the direction Figure 3 is a plan view of part of separating   of the
travelling field of the order of half the pole apparatus similarto that
shown in Figure 2 showing  pitch of the motor or greater are subject to a
force a possible orientation of the linear induction motor  which displaces
them from leftto right, off the of Figure 2.
conveyor belt 22 and into another receptacle 32 on 40   Figure4is a graph
illustrating the power required   105 the other side thereof. The pieces 28
are, however, to move pieces of non-ferrous material plotted    also
subject to the rotating field components which against the size of the
pieces of material.      tend to lift their leading edges, thereby
assisting Figure 5is a side elevational view of a feed   them in sliding
over any particles not being moved apparatus including flattening rollers.
by the motor which may lie in their path. 45   Figure 6 shows a comparison
between the stator   110   Pieces of non-ferromagnetic metal of a size
appro- slot geometry of a normal induction motor and that  ximately equal
to half the pole pitch of the motor of a suitable linear induction motor.
tend to remain on the conveyor belt 22, due to a part Figure .7 shows a
first practical embodiment of a  forward sliding and part backward rolling
motion. complete metal sorting system according to the    Referring to
Figure 3, in order to remove such pieces, 50 present invention.
115 a second linear induction motor primary 34 is Figure 8shows a second
practical embodiment     arranged downstream of the motor 20 and parallel
according to the present invention, and          thereto, the conveyor belt
22 moving from left to Figure 9 shows a third complete metal sorting
right as viewed in Figure 3. The linear motor 34 has a system according to
the present invention.        shorter pole pitch than that of the motor 20.
For 55   Figure 10 shows in greater detail a part of the  120 example, if
both motors are wound on cores assem- system of Figure 9.
bled from the same size of stamping, the motor 34 Figure 11 shows a cooling
system for a linear   may be wound with one slot per pole per phase, the
induction motor used in the metal sorting system,  motor 20 is wound with
two slots per pole per phase. and
Thus the pole pitch of the motor 20 is twice that of 60   Figure 12 shows
the use of a linear motor on a  -  125 the motor 34 and pieces of a size
which would be left wide conveyor belt. -                             on
the conveyor belt 22 by the motor 20 are Figure 1 shows the travelling
magnetic field    displaced offthe conveyor belt by the motor 34 in pattern
produced by a single-sided linear motor, 10  the direction of the
travelling field. being the plane of the pole faces. It is assumed that  It
wil be seen from Figure 3 that the axes of the 65 thefield is
travellingfrom rightto left, asviewed in   130  motors 20 and 34 are not
perpendicular to the    
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3 direction of the movement of the conveyor belt 22   rately removed from
the remaining material. Thus, but are disposed at an angle such that the
travelling  by using a series of separate pairs of linear motors, magnetic
field has a component opposing the        different non-ferromagnetic
metals can be separated direction of movement of the belt 22. The effect of
from one another. 5 this is to slow down the movement of electrically  70
One way of increasing the effectiveness of the conductive pieces on the
belt so that they are     linear motors isto increase the frequency of the
exposed to the influence of each motor for a longer  alternating current
used to power the motors. For period of time thereby increasing the
probability that  example the motors used to remove the aluminium they will
be displaced off the belt before the belt  may be powered at 50 Hz while
the motors used to 10 moves them out of range of the motor. This enables
75 remove the copper may be powered at a higher either the speed of the
belt to be increased or the  frequency, up to about 500 Hz. However, the
skin width of the motors to be reduced as compared with  effect at the
higher frequency has the result of what would be required if the axes of
the motors   reducing the apparent conductivity of the electrically were
perpendicular to the direction of movement of  conductive materials as
frequency increases. Since 15 the belt.
80 for any particular frequency, skin depth increases as Figure 4
illustrates the variation of the power P  conductivity decreases, this has
the effect of com- - required to cause movement on the conveyor belt 22
pressing the spread of apparent conductivity be- of pieces of a particular
non-ferromagnetic metal  tween different metals. Consequently, it is
preferable with the smallest dimension d of such pieces. It will  to use
the lowest acceptable frequency and, in 20 be seen that the power P
required increases as the  85 particular, to remove medium and large pieces
of dimension ddecreases.                              aluminium using
linear motors powered at a rela- It should be realised that the dimension d
is the  tively low frequency before the conveyor belt passes dimension of
the material in closed proximity to the  over motors suitable for the
removal of metals conveyor belt 22. This is because the flux density  whose
conductivity or size require a higher fre- 25 falls off exponentially with
distance above the  go quency. surface. Consequently, in order to optimise
the use'  As previously stated, the cores of the primaries of of the
available power, the pieces of material are  all linear induction motors
for use in accordance preferably flattened and laid on the belt with their
with the invention should have a tooth width which major dimensions
perpendicular to the direction of  is less than 30% of the tooth pitch. 30
movement of the belt.                           95   Referring now to
Figure 6 of the drawings Figure Referring to Figure 5, the material is
preferably fed  BA shows the configuration of the stator of a normal on to
the belt from a hopper 40 witha pair of rolls 42  type of induction motor.
Figure 6B shows byway of and 44 disposed between the outlet of the hopper
40  contrast the stator of a linear induction motor and the belt with their
axes parallel to the axis of the  suitable for use in the metal sorting
system of the 35 driving roller 46 of the belt. Material from the hopper
100 present invention. 40 is therefore flattened by the rolls 42 and 44 and
In the stator of Figure 6A the tooth width a is deposited on the belt with
the major dimension of  approximately half the tooth pitch B but in the
stator the various pieces tending to be oriented parallel to    of Figure
6B the tooth width a may be seen to be' less the axes of the rolls.
than 30% of the tooth pitch b. It may also be seen 40  The use of a motor
with a relatively short pole  105 that it is possible to considerably
increase the depth pitch enables a large range of sizes of the various  c
of the slot thus allowing a greater cross section of pieces of non-ferrous
material to be moved in the  copper and correspondingly allowing an
increase in direction of the travelling field of magnetomotive  power of
the motor by increased stator current. force. Consequently, it is in
general preferable to use  Referring now to Figure 7 there is shown a first
45 a relatively small pole pitch.                 110 embodiment of a
practical metal sorting system. A Other factors affecting the movement of
pieces of  fragmentiser 50 has an outlet 52 which feeds non-ferromagnetic
material are the density of mate-  material both ferromagnetic and
non-ferromagnetic rial, which determines the frictional force which has
onto a first conveyor belt 54 driven at a constant to be overcome, and the
electrical conductivity    predetermined speed by drive roller 56 connected
to 50 which determines the magnitude of the induced  115 an electric motor
58. secondary current for a given flux. When comparing   The material
conveyed by the conveyed 54 is copper and aluminium, the effect of the
smaller    deposited on to a first sieve 60 which removes the density of
aluminium predominates overthat of the  dust and very small particles from
the mixture. The higher conductivity of copper with the result that  dust
is collected -by a first hopper 62. As an 55 aluminium can be moved at
lower field strength than  120 alternative an air extractor system can be
used at copper. Consequently, if the waste material is segre-  this stage.
The larger remaining particles are trans- gated into a number of size
ranges and the material  ported by a second conveyor 70 past an overband in
each size range fed separately to separating    electromagnet 72 which
removes the ferromagnetic apparatus in accordance with the invention, the
field  material from the mixture. The ferromagnetic mate- 60 strength of
the linear motors 20 and 34 can be  125 rial is attracted by the
electromagnet 72 and on to a arranged to be such that the aluminium pieces
are  continuous belt 74 equipped with slats which is displaced off the belt
while copper pieces are     wiped across the face of the electromagnet and
allowed to remain on it. If the belt then passes over a  deposited into a
hopper 76. further pair of linear motors which are capable of   The
material left on the conveyor belt 70 is 65 displacing the copper, the
latter can then be sepa-    130 deposited on to a transfer sieve 78 which
removes    
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4 material below a predetermined dimension from the  first motor 124into
ahoper 128 and by the second flow of material. The material falling through
the  motor 126 into a hopper 130. Material left on the sieve 78 is
collected by a hopper 80 and the      conveyor Is collected by a hopper
132. remaining material is deposited on to a further     The system of
Figure 8 operates by separating at 5 conveyor 82 driven at a predetermined
speed by a  70 the sieve 112 the smaller pieces of non- drive roller 84.
The conveyor 82 deposits the remain-  ferromagnetic material and small
pieces of plastics ing material on to a further transfer sieve 86 which is
and rubber. The non-ferromagnetic material is sepa- of large dimension and
therefore allows material of  rated from the rest by the linear motor 116.
larger dimensions to fall into a hopper 88.         The larger pieces of
material fed on to the 10  It may be seen therefore that if the transfer
sieve  75 conveyor 122 are fed to the linear motor 124 which is 78 is a one
inch mesh the hopper 80 will contain only  operated at a lower power than
the motor 118. This material under one Inch in any one dimension. If the
motor therefore for example separates all the alumi- sieve 86 is a three
inch mesh then the hopper 88 will  nium from the mixture. The remainder of
the contain material between one and three inches in  material is fed to
the-second linear induction motor 15 dimension.
80 126 which is operated at a higher power and which Thus only material
over three inches in dimension  thereby deflects the heavier metals such as
brass, will be fed onto the last conveyor 90 which is driven  copper from
the conveyor. by a drive roller 92 at a constant speed over the top  Thus
by sieving and feeding the material to a of a linear induction motor 94.
Material deflected  series of linear induction motors the non- 20 from the
conveyor 90 by the motor 94 is collected in    85 ferromagnetic metals can
be sorted into their va- a hopper 96 and material left on the conveyor is
rious types. collected in a last hopper or bin 98.               Afurther
system utilising the principles of the The linear induction motor 94 is
arranged with   present invention is shown in Figure 9. Again the respectto
the conveyor in a manner as described   material such as a motor car or
part thereof is fed 25 with reference to the preceding Figures 1 to 6. The
go into a fragmentiser 150 the output material from frequency of operation
of the motor 94 and the    which is fed via a conveyor 152 to a dust sieve
154 of power input to the motor may be chosen to remove  fine mesh.
Material not passing through the sieve is the larger pieces of
non-ferromagnetic material   passed to a conveyor belt 158 and
ferromagnetic which are the only sizes left on the conveyor after the
material is removed by an overband electromagnetl60. 30 two sieving
operations.                       95   The remaining material comprising
non- The contents of each of the hoppers 80 and 88 may  ferromagnetic metal
rubber, plastics etc is fed via a subsequently be fed to respective
conveyor belt and  small mesh sieve 162 to a conveyor 164. Material linear
motor systems. The frequency and power of  falling through the sieve 162 is
collected in a hopper the linear motors being chosen to suit the removal of
166. The sieve 162 can merely be a further dust sieve 35 the appropriate
sizes of non-ferromagnetic material   100 to remove dust created by the
removal of the in these respective hoppers.
ferromagnetic material or very small particles. Alter- Referring now to
Figure 8 there is shown a second  natively as in the arrangement of Figure
8 it can be of metal sorting system according to the present     a mesh
size to remove the relatively smaller pieces invention. Material to be
sorted is fed as for the  of material. 40 system of Figure 7 into a
fragmentiser 100 where it is  105   Material on the conveyor belt 184 is
fed past at smashed into relatively small pieces. These are   least one
linear motor 168 and the non- transported by a conveyor 102 onto a dust
sieve 104,  ferromagnetic metal deflected by this motor is the dust being
collected in a hopper 106. As above  collected in a hopper 170. As in the
arrangement alternatively an air extraction system to remove the  shown in
Figure 8 a second linear induction motor 45 dust and light material may be
used. The rest of the    110 could be situated downstream from the motor
168 to material is conveyed on a conveyor belt 108 past an  sort out other
sizes or types of non-ferromagnetic overband electromagnet 110 which
removes the      metal. ferromagnetic material.
The conveyor belt 164 is inclined so that material Material left on
conveyor belt 108 iscarried on to  passing the motor 168 and deflected by
it may be 50 transfer a sieve 112 which is of relatively small mesh.  115
assisted by rolling or sliding down the conveyor belt Material of all types
metal rubber and plastics falls  when lifted by the motorthus spending a
greater onto a secondary conveyor belt 114, which moves at  period of time
in the field of the motor. This can a constant predetermined speed in the
direction   allow a lower power motorto be used relative to the shown. A
linear induction motor 116 is mounted    size of non-ferromagnetic metal to
be deflected. 55 beneath the belt and when actuated causes the  120
Material left on the conveyor after the motor 168 is non-ferromagnetic
metal on the conveyor to be     moved to the top end of the conveyor 172
and deflected sideways off the conveyor to be collected  dropped in a free
fall between a double sided' in a hopper 118. Material such as plastics and
rubber  primary linear induction motor 174. It may be seen remaining on the
conveyor is collected in afurther  thatthe larger pieces of conductive
material are 60 hopper 120.                                  125 deflected
into a first hopper 176 and the rest of the Material too large for the
sieve 112 is fed to a   material is collected by a hopper 178 situated
conveyor belt 122 underneath which are mounted    vertically below the end
of the belt 172. two linear induction motors, 124 and 126, motor 126  The
movement of the conductive material can be being downstream from motor 124.
Non-            to the right as illustrated in Figure 10. The conductive 65
ferromgnetic material on the belt is deflected by the    130 material 180
falling between the poles of the double    



GB2040 735 B                   5 sided motor 174 is deflected to the right
past a baffle  2000 amps at 18 volts line. For removal of denser 182 and is
directed by the baffle to a hopper (not  metals higher frequencies of
50-500 Hz is required. shown). The use of a double sided primary as shown
in   CLAIMS 5 Figures 9 and 10 increases the detection sensitivity  70
because the field between the primaries is substan-  1. A metal sorting
apparatus including a con- tially greater than with an open single primary.
The  veyor belt means for feeding a mixture of non- friction of the belt Is
also eliminated by this system  ferromagnetic material on to said conveyor
belt, at a c         and also the pieces of material are more freely
first position, drive means for said conveyor belt to 10 dispersed than on
the conveyor where pieces may  75 move said conveyor belt at a
predetermined speed impede each others movement.                     in a
first direction; The design of each linear induction motor is    linear
induction motor means situated at a second important and the deflecting
power of any motor   position along said conveyor belt said second posi-
depends on a number of factors including principally  tion being
intermediate said first position and the 15the design of the stator, the
frequency of operation  80 end of the conveyor belt; said linear induction
motor and the motor current. The motors in general      means being
positioned with the faces Of the motor however require large operating
currents and hence  poles adjacent to and substantially underneath said the
need to remove considerably more heat than is  conveyor belt and orientated
with respect to said normally generated with conventional linear motors.
conveyor to produce when actuated a field of 20 For this reason the motor
is water cooled for  85 magnetomotive force in which the lines of force are
example by using hollow coppertubes forthe        at right angles to the
said first direction; electrical windings and forcing water through the
tubes to   drive means for said linear induction motor for provide the
necessary cooling.                    providing an alternating current
supply to said A suitable cooling system is shown in Figure 11 in  motor at
a power level and with a frequency to force, 25 which water 200 is stored
in a tank 202. A motor  go by means of the travelling wave of magnetomotive
driven pump 204 circulates the water round the    force produced by said
linear motor a percentage of system in the direction shown back to the tank
200.  said non-ferromagnetic material from said conveyor, The flow is split
at 206 into three paths to supply  -  reception means situated adjacent
said linear motor each phase of the three phase linear induction    means
on a side of said conveyor belt for receiving 30 motor. Each path has a
respective air purge gate and   95 non-ferromagnetic material forced from
said con- has electrical isolation means 208,210 on each side  veyor belt
by the magnetomotive force of said linear of the motor 212. The flow is
recombined at 214 and  motor in the direction of travel of the magnetic
field is fed via radiators 216,218 cooled by electric fans  when actuated;
220,222 backto the tank 202. Numerous isolation  terminal reception means
situated adjacent said 35 valves are provided as shown.                 100
conveyor belt at a position downstream from said The linear induction motor
may not always be of  linear motor induction for reception of the material
the same width as the conveyor especially if the  remaining on said
conveyor belt the windings of the sorting system is added to an existing
installation.  linear motor comprising hollow tubes for the pas- Figure 12
shows a solution to this problem. A     sage of cooling water from a
suitable supply in 40 conveyor 230 is moved in a direction indicated by
105 which in operation primary currents of the order of arrow 232 by known
conveyor drive means (not     thousands of amperes are fed through the
primary shown). Material is introduced onto the centre    windings, the
heat generated by these high primary portion of the conveyor by baffles
234,236. The   currents being substantially dissipated by the cool- linear
induction motor 238 has a full travelling field  ing water, and in which
the pole pitch of the motor is 45 zone 240 as shown shaded. The travelling
field is in   110 of the order of 5cms to enable efficient sorting of the
the direction shown by arrow 242. Deflectors 244   non-ferromagnetic metal
from the mixture of non- and 247, pivoted on pivots 245,249 are adjusted
and  ferromagnetic material on the conveyor belt. then fixed to push any
material towards the centre of  2. A metal sorting apparatus as claimed in
claim the conveyor belt 230. The non-ferromagnetic mate-  1 in which the
windings of the linear motor are 50 rial deflected
bythemotor238iseitherejected  115 terminated in electrical isolation
means208,210 on directly into a hopper 246 or in the case of heavier or
each side of the motor to isolate the electrical current less conductive
pieces onto a collector deflector 248  from the water supply. which guides
the material into the hopper 246.     3. A metal sorting apparatus as
claimed in claim Material fed onto any of the above described    1 in which
the linear induction motor means primary 55 conveyor belt and linear motor
systems is preferably  120 member has a toothed core in which the width of
fed by a vibratory arrangement which effectively  each tooth (a) is less
than 30% of the tooth pitch (b). spreads the material on the conveyor and
stabilises   4. A metal sorting system as claimed in Claim 1 the load on
the conveyor. As an alternative the   or Claim 2 in which said means for
feeding a mixture conveyor can be run at a relatively high speed with  of
non-ferromagnetic material on to said conveyor 60 respectto any immediately
upstream conveyors to   125 belt comprises means to allow only material
within spread out the material.                          predetermined
limit sizes on to said conveyor belt In linear motors used in the above
described      5. A metal sorting system as claimed in Claim 4 systems the
pole pitch was of the order of 2"    in which said means for feeding a
mixture of and an operating frequency of 50/60 Hz was used to
non-ferromagnetic material on to said conveyor belt 65 remove aluminium.
The current in the primary was   130 further comprises an electromagnet for
extracting    



GB 2 040 735 B                                  5 sided motor 174 is
deflected to the right past a baffle  2000 amps at 18 volts line. For
removal of denser 182 and is directed by the baffle to a hopper (not
metals higher frequencies of 50-500 Hz. is required. shown). The use of a
double sided primary as shown in   CLAIMS 5 Figures 9 and 10 increases the
detection sensitivity    70 because the field between the primaries is
substan-  1. A metal sorting apparatus including a con- tially greater than
with an open single primary. The  veyor belt means for feeding a mixture of
non- friction of the belt is also eliminated by this system  ferromagnetic
material on to said conveyor belt, at a and also the pieces of material are
more freely  first position, drive means for said conveyor belt to 10
dispersed than on the conveyorwhere pieces may  75 move said conveyor belt
at a predetermined speed impede each others movement.
in a first direction; The design of each linear induction motor is
linear induction motor means situated at a second important and the
deflecting power of any motor   position along said conveyor belt said
second posi- depends on a number of factors including principally  tion
being intermediate said first position and the 15 the design of the stator,
the frequency of operation  80 end of the conveyor belt; said linear
induction motor and the motor current. The motors in general      means
being positioned with the faces of the motor however require large
operating currents and hence  poles adjacent to and substantially
underneath said the need to remove considerably more heat than is  conveyor
belt and orientated with respect to said normally generated with
conventional linear motors.  conveyor to produce when actuated a field of
20 For this reason the motor is water cooled for  85 magnetomotive force in
which the lines of force are example by using hollowcopper tubes for the
at right anglesto the saidfirstdirection; electrical windings and forcing
water through the tubes to   drive means for said linear induction motor
for provide the necessary cooling.                    providing an
alternating current supply to said A suitable cooling system is shown in
Figure 11 in  motor at a power level and with a frequency to force, 25
which water 200 is stored in a tank 202. A motor  90 by means of the
travelling wave of magnetomotive driven pump 204 circulates the water round
the   force produced by said linear motor a percentage of system in the
direction shown back to the tank 200.  said non-ferromagnetic material from
said conveyor, The flow is split at 206 into three paths to supply
reception means situated adjacent said linear motor each phase of the three
phase linear induction    means on a side of said conveyor belt for
receiving 30 motor. Each path has a respective air purge gate and   95
non-ferromagnetic material forced from said con- has electrical isolation
means 208,210 on each side  veyor belt by the magnetomotive force of said
linear of the motor 212. The flow is recombined at 214 and  motor in the
direction of travel of the magnetic field is fed via radiators 216,218
cooled by electric fans  when actuated; 220,222 backto the tank 202.
Numerous isolation  terminal reception means situated adjacent said 35
valves are provided as shown.                100 conveyor belt at a
position downstream from said The linear induction motormay not always be
of  linear motor induction for reception of the material the same width as
the conveyor especially if the  remaining on said conveyor belt the
windings of the sorting system is added to an existing installation.
linear motor comprising hollow tubes for the pas- Figure 12 shows a
solution to this problem. A     sage of cooling water from a suitable
supply in 40 conveyor 230 is moved in a direction indicated by  105 which
in operation primary currents of the order of arrow 232 by known conveyor
drive means (not     thousands of amperes are fed through the primary
shown). Material is introduced onto the centre    windings, the heat
generated by these high primary portion of the conveyor by baffles 234,236.
The  currents being substantially dissipated by the cool- linear induction
motor 238 has a full travelling field  ing water, and in which the pole
pitch of the motor is 45 zone 240 as shown shaded. The travelling field is
in   110 of the order of 5 cms to enable efficient sorting of the the
direction shown by arrow 242. Deflectors 244  non-ferromagnetic metal from
the mixture of non- and 247, pivoted on pivots 245,249 are adjusted and
ferromagnetic material on the conveyor belt. then fixed to push any
material towards the centre of  2. A metal sorting apparatus as claimed in
claim the conveyor belt 230. The non-ferromagnetic mate-  1 in which the
windings of the linear motor are 50 rial deflected by the motor 238 is
either ejected  115 terminated in electrical isolation means 208,210 on
directly into a hopper 246 or in the case of heavier or  each side of the
motor to isolate the electrical current less conductive pieces onto a
collector deflector 248  from the water supply. which guides the material
into the hopper 246.     3. A metal sorting apparatus as claimed in claim
Material fed onto any of the above described    1 in which the linear
induction motor means primary 55 conveyor belt and linear motor systems is
preferably  120 member has a toothed core in which the width of fed by a
vibratory arrangement which effectively  each tooth (a) is less than 30% of
the tooth pitch (b). spreads the material on the conveyor and stabilises
4. A metal sorting system as claimed in Claim 1 the load on the conveyor.
As an alternative the   or Claim 2 in which said means for feeding a
mixture conveyor can be run at a relatively high speed with  of
non-ferromagnetic material on to said conveyor 60 respect to any
immediately upstream conveyors to   125 belt comprises means to allow only
material within spread out the material.
predetermined limit sizes on to said conveyor belt. In linear motors used
in the above described     5. A metal sorting system as claimed in Claim 4
systems the pole pitch was of the order of 2"    in which said means for
feeding a mixture of -  and an operating frequency of 50/60 Hz was used to
non-ferromagnetic material on to said conveyor belt 65 remove aluminium.
The current in the primary was   130 further comprises an electromagnet for
extracting    



6       GB2040735 B
6 any pieces of ferromagnetic material from an initial mixture of material
and further means for removal of   Printed for Her Majesty's Stationery
Office, by Croydon Printing Company small pieces below a predetermined
size.               Limited, Croydon, Surrey, 1983, 6. A metal sorting
system as claimed in Claim 1      Published by The Patent Office, 25
Southamptin Buildings, London, 5 or Claim 2 in which a further linear
induction motor    WC2A 1AY, from which copies may be obtained. means is
associated with said conveyor belt at a position downstream from said first
linear induction motor means and in which in operation said first linear
induction motor means is operated at a 10 frequency and powerto remove a
selected portion of said non-ferromagnetic material from said conveyor belt
and said second linear induction motor means is operated at a frequency and
power to remove a further selected portion from the remaining non- 15
ferromagnetic material. 7. A metal sorting system as claimed in Claim 6 in
which the further linear motor induction means is located underneath the
conveyor belt and in which third reception means is provided adjacent said
20 conveyor belt for reception of material forced from said conveyor belt
by said second linear induction motor means. 8. A metal sorting system as
claimed in Claim 6 in which the further linear induction motor means is 25
mounted adjacent the end of the conveyor in a position vertically below the
end of the conveyor belt such that non-magnetic material remaining on said
conveyor belt after removal of a portion of said material by said first
linear induction motor means 30 falls freely past said further linear
induction motor means, fourth reception means situated substantial- ly
vertically below the end of said conveyor belt and fifth reception means
situated to one side of the fourth reception means in a position to receive
35 material deflected by said further linear induction motor means when
energised. 9. A metal sorting system as claimed in Claim 8, in which the
further linear induction motor means is a double sided linear induction
motor and in which 40 the material falls between the two halves. 10. A
metal sorting system as claimed in Claim 9 in which a deflector plate is
situated adjacent said further linear induction motor means to direct the
material deflected by the motor into an associated 45 hopper. 11. A metal
sorting system as claimed in Claim 1 or Claim 2 in which the width of the
linear induction motor is substantially less than the width of the conveyor
and including deflector means situated 50  upstream from the linear
induction motor to confine the passage of material to the width of conveyor
covered by the linear induction motor. 12. Ametal sorting system as claimed
in Claim 1 or Claim 2 in which the conveyor belt is installed so 55 as to
be along its length at an angle with respect to the horizontal. 13. A metal
sorting system as claimed in Claim 1 in which said means for feeding the
mixture of non-ferromagnetic material onto the conveyor belt 60 includes
means for flattening the pieces of material. 14. A metal sorting system as
claimed in Claim 1 in which the linear induction motor means is posi-
tioned such that the axis of the motor is at an angle with respect to the
conveyor.    


