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[5 7] ABSTRACT 
A technique of removing electrically conductive non 
magnetic particles from a stream of material by a cy 
lindrical magnet driven by a conveyor belt carrying 
the stream of material wherein attractor windings are 
provided in conjunction with excitation windings for 
forming zones of attraction of electrically conductive 
non-magnetic particles to the magnet. Electrically 
non-conductive and non-magnetic particles are thus 
not attracted to the magnet and are free to follow a 
different path than are the electrically conductive 
non-magnetic particles. Separation is thus achieved 
between them. 

12 Claims, 6 Drawing Figures 
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MAGNETIC PULLEY FOR REMOVAL OF 
NON-MAGNETIC PIECES FROM WASTE 

MATERIAL 

CROSS-REFERENCE TO A RELATED 
APPLICATION 

The subject matter of this application is related to 
that of copending application Ser. No. 329,587 now 
U.S. Pat. No. 3,824,516. ?led Feb. 5, 1973 by the ap 
plicant herein. 

BACKGROUND OF THE INVENTION 

This invention is related generally to electromagnetic 
separation methods and apparatus and more speci? 
cally to electromagnetic devices of a magnetic pulley 
type. 
The recent emphasis on re-cycling and re-use of 

waste material as much as possible has created a need 
for removing from garbage and other waste material its 
more valuable components. There have been many re 
cent advances in solid state waste processing tech 
niques. A first step in such waste processing techniques 
is generally to shred the incoming raw waste material 
for reducing the physical size of its particles. The shred 
ded waste material is then passed through an air classi 
?er for removal of the light fractions such as paper. The 
heavier fractions, such as metal, glass, wood, rubber, 
plastic, and rock remain for separation into their vari 
ous constituents. Ferrous metals are easily removed 
with existing magnetic equipment. The most popular 
commerically available equipment for this purpose uti 
lizes a cylindrical magnet that is rotatable about the 
axis of the cylinder and whose outside acts as a pulley 
for a conveyor belt which carries material to be sepa 
rated which is usually the heavier fractions of the waste 
material. The ferrous metals are attracted to the cylin 
drical magnet while the non-magnetic materials are ei 
ther not affected or affected very little. Therefore, it is 
possible to change the path of the magnetic particles 
from the normal gravity in?uence path of the non 
magnetic particies. 
included in the non-magnetic particle components 

are electrically conductive particles; that is, particles of 
non-magnetic metals such as copper and aluminum. It 
has been suggested in US. Pat. No. 3,448,857 -— Ben~ 
son et al. (1969) that a subsequent magnetic pulley 
stage can be utilized for removing the non-magnetic 
metals from the heavy particles that remain after fer 
rous metal magentic separation. The Benson et al pa 
tent suggests the use of a high speed rotating magnet 
within a cylinder over which a conveyor belt travels. 
This type of magnetic pulley suffers from signi?cant 
disadvantage by being mechanically complex in an in 
terface structure between a rotating magnet that neces~ 
sarily moves at a much higher speed than an associated 
conveyor belt in order to affect the non-magnetic met 
ais. The Benson et al patent also suggests a high energy 
pulsed electromagnet that remains stationary with re 
spect to the waste material carrying conveyor. In both 
the permanent magent and electromagent embodi 
ments suggested by Benson et al there is a signi?cant 
disadvantage in that the non-magnetic metals are re 
pulsed rather than being attracted to the conveyor belt. 
Since the repulsion distance that is practically obtain 
able is limited and not predictable, the paths of the 
non-magnetic metal and the other waste material are 
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2 
not made signi?cantly different enough that one can be 
easily and completely separated from the other. 
Accordingly, it is an object of the present invention 

to provide a magnetic pulley type of separator for non 
magnetic metals that is mechanically simple and which 
provides a more substantial physical separation of the 
non-magnetic metal particles from the other materials 
in the stream of material. 

It is among the other objects of the present invention 
to provide an electromagnetic technique for separating 
non~magnetic metals from a stream of material that 
consumes a low amount of electrical power and which 
does not produce excessive heat. 

SUMMARY OF THE INVENTION 

Brie?y, these and additional objects are accom 
plished by the present invention wherein means for 
guiding shredded waste material, such as a conveyor 
belt, is provided for movement of the shredded mate 
rial by an electromagnetic element which attracts non 
magnetic metal particles toward it while not affecting 
non-metals such as glass, wood, rubber, plastic and 
rock. The electromagnet is preferably in the form of a 
cylinder which acts as a pulley for the conveyor belt so 
that the non-metal particles fall off the end of the con 
veyor by gravity where the conveyor belt wraps around 
the magnet while the non-magnetic metal particles re 
main attached to the conveyor belt until it travels under 
the cylindrical magnet. A very substantial physical sep 
aration of the non-magnetic metal from non-metal par 
ticles is thus accomplished and the non-magnetic met 
als are recovered from the waste material. If there are 
magnetic particles in the waste material as well they 
will also be attracted to the electromagnet but it is pref 
erable that the magnetic metal particle be removed by 
conventional equipment in a stage prior to the stage 
utilizing the present invention to remove non-magnetic 
metals from the waste material. 
The electromagnet cylinder includes a plurality of 

electromagnetic poles (reaction Zones) that each have 
an alternating current driven excitator winding or 
windings physically positioned adjacent to an attractor 
electrical current path or paths which can be a short 
circuited turn, short circuited coil or a winding with 
phase shifting elements in series therewith, or one that 
is driven by a separate phase controlled electrical 
source. The different current phases in the excitor and 
attractor elements usually about 180°, results in simi 
larly out of phase magnetic ?elds overlapping one an 
other adjacent the surface of the cylinder in a manner 
to form an attraction zone for non-magnetic metal par 
ticles. Alternately, the electromagnets may include 
more than one coil or winding positioned so as to dis 
tribute the zones of in?uence over larger areas. It is be 
lieved that the eddy currents generated in a non 
magnetic electrically conductive particle by the excitor 
winding is in the same direction as those currents ?ow 
ing in the attractor loop, thereby forming an attraction 
between the attractor loop and the non-magnetic metal 
particle. The use of an attractor winding for other non 
magnetic metal attraction is described in US. Pat. Nos. 
2,400,869 -— Lovell (1946) and 3,054,026 — Lovell 

(1962). 
Additional objects, advantages and features of the 

various aspects of the present invention may be had by 
reference to the foilowing description of its preferred 
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embodiments which should be taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the primary elements of an electro 
magnetic separation system according to one embodi 
ment of the present invention. 
FIG. 2 shows the electromagnet of FIG. 1 with a con 

veyor belt removed; 
FIG. 3 illustrates a variation of the embodiment of 

FIG. 1; 
FIG. 4 illustrates yet another variation of the embodi~ 

ment of FIG. 1; 
FIG. 5 shows a cylindrical magnet according to an 

other embodiment of the present invention; and 
FIG. 6 illustrates a use of the cylindrical magnet of 

FIG. 5 with a conveyor belt. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIGS. 1 and 2, one embodiment of the 
present invention will be described. A conveyor belt 11 
passes over a cylindrical electromagnetic structure 13 
which is held to rotate about a center line of the cylin 
der which passes through the center of a shaft 15. The 
conveyor 11 is driven by a motor source (not shown) 
and carries a stream of shredded waste material toward 
the cylindrical magnet 13 as shown in FIG. 1. The cy 
lindrical magnet 13 is rotated by its frictional engage 
ment at its outside surface with the under side of the 
conveyor belt 1 1. The non-metal particles of the stream 
of waste material carried on the conveyor 11 will fall 
off of the conveyor as it turns under the magnet 13. The 
path of such non-metal particles (including glass, plas 
tic, and wood, etc) is indicated by an arrow 17. Metal 
particles, on the other hand, are attracted toward the 
magnet 13 and held against the conveyor belt 11 until 
they are forced to drop from a position under the mag 
net 13 wherein the forces of gravity exceed the mag 
netic attraction forces. The metal particles travel in a 
path indicated generally by the arrow 19 of FIG. 1. A 
physical barrier 21 is schematically illustrated in FIG. 
1 for separating the non-metal from the metal particles. 
As explained previously, it is preferred that the fer 

rous or magnetic metals have been previously removed 
from the material so that the stream carried by the con 
veyor 11 includes a very small proportion, if any, of 
magnetic metal particles. Since it is desired to separate 
the magnetic metals from the non-magnetic metals, it 
is preferred that the magnetic metals have been re 
moved at an earlier stage prior to the separation illus 
trated in FIG. 1. Therefore, the only metals included in 
any significant quantity in the material on the conveyor 
1 1 are of the non-magnetic type, such as copper or alu 
minum, and thus are diverted in a distinct path indi 
cated by the arrow 19 upon in?uence of the cylindrical 
magnet 13. 
The cylindrical magnet 13 is formed of a laminated 

magnetic core structure wherein a large number of 
identical ferro-magnetic discs are held together. The 
discs are circular in shape with various notches pro 
vided at their outside circumference for acceptance of 
the magnetic excitation and attracting coils. In the em 
bodiment of FIGS. 1 and 2, there are eight separate 
electromagnets positioned around the outside surface 
of the cylinder, including the three identi?ed magnets 
23, 25, and 27. These three magnets are shown in a par 
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4 
tial view of the cylinder 13 in FIG. 2 wherein they may 
be viewed without the obstruction of the conveyor 11. 
Each of these three electromagnets has its own pole 
face. The exciting coil 35 is wound in the middle slots 
37 and 39 of the set of three adjacent slots on either 
side of its pole face 31. It will be noted that the excita 
tion coils for the adjacent magnets 23 and 27 share the 
same slots 37 and 39 in a manner to overlap the excita 
tion coils. The currents of adjacent excitation coils as 
shown by the arrows on these coils in FIG. 1 are made 
to ?ow in opposite directions and thus these coils share 
the same magnetic return path. All of the excitation 
coils of the cylindrical magnet may be connected to a 
common two terminal single phase alternating current 
source by which the phase of excitation coils on adja 
cent poles is reversed. 
An attractor electrical current path 41 is looped 

around the pole face 31 in slots 43 and 45. Additional 
slots 47 and 49 are provided immediately adjacent the 
surrounding pole faces 29 and 33 and are provided for 
receiving the attractor electrical current path associ 
ated with each of those pole faces. Each of the attractor 
electrical current paths such as the loop 43 may be a 
closed electrical conductor loop of a single or multiple 
turns. The result is that the magnetic ?eld generated by 
the excitation winding 35 induces a current in the at 
tractor current path 41 that is about l80° out of phase 
with that and the exciting winding 35. This is the same 
phase relationship that exists between current in the ex 
citing winding 35 and some non-magnetic electrically 
conductive particle that is carried by the conveyor belt 
1 1. Therefore, the magnetic fields generated by current 
induced in such a particle and in the attractor loop 41 
are substantially the same phase and will thus be at 
tracted to one another. This attraction mechanism for 
non-magnetic metals forms a zone or volume of attrac 
tion 51 as indicated in dotted outline in FIG. 1. Each 
of the 8 separate adjacent electromagnets of the cylin 
drical electrical magnet 13 produces its own separate 
zone of attraction. Between adjacent zones of attrac 
tion, there exists areas where non-magnetic metal parti 
cles will be repelled from the conveyor, such as the nar 
row areas 53 and 55 surrounding the zone of attraction 
51. By providing multiple electromagnets and by over 
lapping their excitation coils, however, the “dead” or 
particle repelling areas are made very small. Addition 
ally, if a non-magnetic metal particle is predominately 
within a zone of attraction and partially without the 
zone, there are forces which tend to pull it into the zone 
of attraction. It will additionally be noticed from FIG. 

_ 2 that the excitation coils and the associated attractor 
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electrical paths are in planes substantially parallel with 
the axis of rotation of the cylinder. Also, there is one 
attractor winding for each magnet; that is, one attractor 
current path for every excitation winding. 
There are many variations in the form of the attractor 

current path 41 which may be employed. For instance, 
some current carrying metal may be utilized other than 
normal electrical wire to form a short circuit path. An 
example is one or more washers positioned to conduct 
current in a plane parallel to that of the associated exci 
tation Winding. Additionally phase shifting equipment 
may be placed in series with the attractor current path 
in order to optimize the attraction of non-magnetic 
metals. As another means of optimizing the attraction 
forces, the attractor winding 41 may be supplied by an 
independently phase controllable electrical source so 
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that the relative phase of the current ?owing therein 
may be controlled with respect to the phase of the cur 
rent ?owing in the associated excitation winding, such 
as the winding 35, to maximize the attraction forces of 
non-magnetic metal particles. The currents induced in 
such a particle by the excitation winding 35 generate a 
magnetic ?eld that is in phase with the magnetic ?eld 
generated by the attractor winding such as the winding 
41. The relative phase angle between the currents ?ow 
ing in the attractor and excitation windings for this 
maximum attraction capability depends essentially on 
the relationship between the inductances and resist 
ances of the two windings. 
The illustration of FIGS. 1 and 2 shows a single exci 

tation coil and a single attractor winding or turn associ 
ated with each magnetic pole. It will be understood, of 
course, that the excitation and/or attractor elements 
associated with each pole may include two or more 
windings that cooperate to produce that pole’s reaction 
zone as described. 

In order to maximize the flux densities and thus the 
attraction capabilities of such an electromagnet, the ex 
citation windings are driven at a current level as high 
as possible without generating an excessive amount of 
heat. In order to maximize the attracting current which 
may be applied to the electromagnets, the cylindrical 
magnet may be cooled or could be intermittently oper 
ated by pulsing. Pulsing is not desirable, however, be 
cause the electromagnet would fail to perform separa 
tion during the periods between pulses. However, it will 
be noted from FIG. 1 that when the individual electro 
magnets of the cylindrical magnetic structure 13 are 
out of contact with the conveyor belt 11 that they are 
not needed in the separation process. That is, the elec 
tromagnets are not doing any work when they are posi 
tioned away from the conveyor belt 11. Therefore, they 
may be turned off during this segment of their rotation 
and thus reduce the amount of heat that is generated. 
Each individual electromagnetic circuit may be con 
trolled with semiconductor switches such as Triacs 
mounted on the magnetic pulley so that the energiza 
tion and de-energization of each excitation winding is 
controlled in a sequence synchronized with the pulley 
travel. Sensors such as light sources or magnetically op 
erated reed switches may be used to generate synchro 
nizing signals for controlling the switching function. 
A simplified method of minimizing the heating prob 

lem is illustrated in FIG. 3 and 4. Referring to FIG. 3, 
metal laminations 51 are formed in a cylindrical shape 
having a center at the center rotation and extending 
about 120° around the circumference. The result is that 
the current is automatically reduced in each of the 
electromagnets as they travel through a region opposite 
the ferrous metal laminated structure. The laminated 
magnetic member 51 forms a part of the ?ux return 
path of electromagnets that are positioned opposite this 
to form a low reluctance magnetic circuit. Therefore, 
the electrical impedence of the windings in these por 
tions of travel increases and the current therein is auto 
matically reduced. 

In order to increase the zone in which the electro 
magnets are operating at a reduced current, the belt 
angle may be changed as illustrated in FIG. 4 wherein 
a cylindrically shaped laminated ferrous metal member 
extends almost 180° around the path of the cylindrical 
electromagnet. Additional cooling of the electromag 
net is obtained at the expense of the moving the path 
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19 of the desired non-magnetic metal particles closer 
to the path 17 of non-metal particles. 

It will be noted from FIGS. 3 and 4 that the metal 
particles to be separated fall from the under side of the 
conveyor belt 11 as they are moved away from the elec 
tromagnet 13. It should also be noted that the metal 
particles that are drawn down tightly against the con 
veyor belt 11 under the influence of the electromagnet 
will move at the‘ same speed as the speed of the con 
veyor 11 and the electromagnetic ?eld movement. It is 
desired that the travel of the electromagnetic ?elds 
(zones of attraction) have no relative velocity with re 
spect to the conveyor 11 so that energy is not wasted 
in moving metal particles with respect to the conveyor 
belt. 
Another embodiment of an electromagnetic pulley is 

illustrated in FIGS. 5 and 6. A cylindrical magnet 65 
whose large number of circular ferrous metal sheets are 
laminated together about a rotation shaft 67. The large 
diameter circular laminations form walls such as the 
walls 69 and 71, which'are held spaced apart by smaller 
diameter stacked laminations such as the laminations 
75 spaced between the walls 71 and 73. Thus a series 
of spools are formed ‘adjacent one another along the 
length of the cylindrical magnet. Every third spool is 
provided with an excitation winding such as windings 
77, 79 and 81 of FIG. 5. Attractor windings are formed 
in the remaining spools, such as the attractor windings 
83, 85, 87 and 89 of FIG. 5. The attractor windings are 
either short circuited, placed in series with some phase 
shifting mechanism or independently driven to control 
the phase relative to that of the excitation windings, as 
discussed generally above. The excitation windings 77, 
79 and 81 are connected to the same single phase alter 
nating current source in a manner that the polarity of 
current flow of adjacent attractor windings, such as the 
windings 77 and 79, is opposite as indicated by the ar 
rows of FIG. 5. The electromagnet of FIG. 5 may be 
viewed as having a plurality of electromagnets each 
having an excitation winding and an attractor current 
path but with the excitation winding polarity as de 
scribed it is possible for one physical excitation winding 
to serve as excitation for adjacent at tractor windings 
on either side thereof. That is, for example, the excita 
tion winding 79 operates in conjuction with the attrac 
tor windings 85 and 87 on either side thereof, as if the 
excitation windings 79 were in fact two separate coils 
one of which is operating with a distinct attractor wind 
ing. Two such excitation coils could be used, of course, 
but is simpler to use a single physical excitation coil to 
serve the function of two. 

The magnet of FIG. 5 generates zones of attraction 
91 and 93 which attract non-magnetic metal particles 
while repulsing such particles if they’ lie wholly outside 
of these zones. As mentioned above, however, if a par 
ticle has a majority of its area within one of these zones 
and the remaining area outside thereof, there are forces 
which operate to move the non-magnetic metal particle 
within a zone of influence resulting in it then being at 
tracted through the magnet. These zones of attraction 
91 and 93 extend completely around the magnet. The 
magnets and the resulting zone of attraction are ori 
ented perpendicularly to an axis of rotation at the cen 
ter of the cylinder as opposed to the embodiment de 
scribed with respect to FIGS. 1 and 2 wherein the coils 
and zones of attraction extend generally parallel to the 
cylindrical magnet axis of rotation. 
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Of course, other speci?c excitation and attraction 
winding arrangements are possible in the embodiment 
of FIG. 5, such as additional cooperating coils to form 
the desired magnetic poles and resulting magnetic reac 
tion zones that cooperate to form the zones of attrac 
tion 91 and 93. 
A preferred use of the magnet of the type illustrated 

in FIG. 5 is shown in FIG. 6 with a conveyor belt 95. 
It will be noted from FIG. 5 that the attraction zones 91 
and 95 are not interrupted around the cylindrical mag 
net with repulsion areas. Rather, such particles will be 
repelled only when outside of one of these zones of at 
traction 91 and 93 in an axial direction. Therefore, the 
preferred use of such a magnet as shown in FIG. 6 in 
cludes the addition of mechanical guides 97, 99 and 
101 above the conveyor belt 95 to channel all of the 
material being carried thereby into two spaced apart 
streams 103 and 105 which are within the zones of at 
traction 91 and 93. With such a system, there are no 
dead or repulsive areas in which the waste material 
?ows. Of course, a commerical embodiment includes a 
larger number of zones of attraction but only two have 
been illustrated herein for simplicity. The additional 
zones of attraction are obtained by adding on to the 
electromagnet of FIG. 5 a number of additional excit 
ing and attractor windings which conform to the re 
quirements discussed above. 

It is additionally possible with the con?guration of 
FIG. 6 to alternately divert a single stream of waste par 
ticles between a plurality of attraction zones while si 
multaneously switching off the unused attraction zones. 
This would permit large amounts of currents to be run 
through a single exciting winding at any one time with 
out heating device as much as if all attraction zones 
were operated simultaneously. 
Although the various aspects of the present invention 

have been described with respect to its preferred em 
bodiments, it will be understood that the invention is 
entitled to protection within the full scope of the ap 
pended claims. 

I claim: 
I. Apparatus for separating electrically conductive 

non-magnetic objects from a mixture including other 
types of objects, comprising: 
means for guiding said mixture in a stream past a sep 

aration station, 
magnetic means positioned adjacent said stream 

guiding means at said separation station for attract 
ing said electrically conductive non-magnetic ob 
jects from said mixture as it passes thereby, said 
magnetic means including a plurality of electro 
magnetic assemblies positioned adjacent each 
other across the surface of said magnetic means 
and each having an excitation coil and an attractor 
current path electrically isolated from one another 
but arranged to be magnetically coupled in a man 
ner that their magnetic ?elds overlap to produce a 
zone of attraction of non-magnetic particals when 
currents in said excitation coil and said attractor 
current path are out of phase, means for removing 
the attracted objects from the influence of said 
magnetic means and 

means for collecting objects after removal from said 
magnetic means, whereby said electrically conduc 
tive non-magnetic objects have been separated 
from said stream. 
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2. The apparatus of claim 1 wherein said magnetic 

means is cylindrical in shape and mounted to be rotat 
able about its axis, said cylindrical magnetic means 
being positioned relative to said mixture guiding means 
so that the stream of the mixture moves in a path about 
a portion of an outside surface of the cylindrical mag 
netic means in a direction of rotatability of the outside 
surface. 

3. Apparatus according to claim 2 wherein the attrac 
tor current path of each of said electromagnetic assem 
blies is positioned in slots adjacent the surface of the 
cylindrical magnet wherein a core of said cylindrical 
magnet is a ferromagnetic material and the attractor 
winding an excitor coil of each of the plurality of elec 
tromagnetic assemblies are positioned parallel to the 
axis of rotation of said cylindrical coil within slots of 
said magnetic material core into the cylindrical surface 
which extend along its length. 

4. Apparatus according to claim 3 wherein each of 
said electromagnetic assemblies additionally includes a 
pair of spaced apart parallel slots in which the attractor 
electrical current path is positioned with said excitor 
coil being formed in a pair of slots adjacent and parallel 
to said attractor current loop slots but to the outside 
thereof, said pair of excitor coil slots of each said elec 
tromagnetic assemblies additionally receiving a portion 
of the excitation coils of the electromagnetic assem 
blies on either side thereof, whereby the zones of at 
traction of non-magnetic metal are formed substan 
tially continuously around said cylinder with only small 
areas of repulsion between each of said zones of attrac 
tion. 

5. Apparatus according to claim 2 wherein said cylin 
drical magnet comprises: 
a large number of circular magnetic material sheets 
held together at their center at the axis of rotation 
and perpendicular thereto, such sheets having two 
distinct diameters and being arranged to form a 
plurality of spools along the length of the cylindri 
cal magnet that are separated by walls of the larger 
diameter magnetic discs, 

a plurality of exciting windings contained individually 
in every third spool along the length of said cylin 
drical magnet, said excitor windings being electri 
cally connected so that current flows in opposite 
directions in adjacent excitor windings, and 

an attractor windings in each of the spools contained 
between two of said excitor windings, whereby a 
zone of attraction of non-magnetic metal pieces is 
formed around said cylindrical magnet across said 
attractor windings with repulsion areas between 
said attraction zones. 

6. Apparatus according to claim 2 which additionally 
comprises magnetic material positioned immediately 
adjacent substantially all of the cylindrical magnet out 
side surface over which waste material does not travel, 
whereby the current in said excitor windings is reduced 
when in the region of said magnetic path material. 

7. Apparatus for separating non-magnetic metal 
pieces from a mixture including other types of objects, 
comprising: 

a cylindrical magnet characterized by a plurality of 
zones of attraction of non-magnetic metal pieces 
toward said cylindrical magnet, said zones covering 
a significant amount of the outside surface of said 
cylindrical magnet, said cylindrical magnet includ 
ing a plurality of electromagnetic assemblies posi 
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tioned adjacent one another across the surface of 
said cylindrical electromagnet, each of said elec 
tromagnetic assemblies including an excitation coil 
and an attractor electrical current path electrically 
isolated from one another but arranged to be mag 
netically coupled and to have a region adjacent the 
cylindrical surface where magnetic ?elds there 
from overlap to produce one of said zones of at~ 
traction when currents in said excitation coil and 
said attractor electrical current path are out of 
phase, and 

a flexible elongated conveyor contacting at least a 
portion of the outside surface of said cylindrical 
magnet in a manner to change conveyor direction 
and also in a manner to rotate said magnet in re 
sponse to linear motion of the conveyor, whereby 
non~magnetic metal pieces within a mixture includ 
ing other types of objects are drawn against said 
conveyor belt at its region contacting said cylindri~ 
cal magnet while certain other types of objects are 
not. 

8. Apparatus for separating non-magnetic metal 
pieces from a mixture including other types of objects, 
comprising: 

a cylindrical magnet characterized by a plurality of 
zones of attraction of non-magnetic metal pieces 
toward said cylindrical magnet, said zones covering 
a significant amount of the outside surface of said 
cylindrical magnet, said cylindrical magnet includ 
ing a plurality of electromagnetic assemblies posi 
tioned adjacent one another across the surface of 
said cylindrical electromagnet, each of said elec 
tromagnetic assemblies including an excitation coil 
and an attractor electrical current path electrically 
isolated from one another but arranged to be mag 
netically coupled and to have a region adjacent the 
cylindrical surface where magnetic ?elds there 
from overlap to produce one of said zones of at 
traction when currents in said excitation coil and 
said attractor electrical current path are out of 
phase,'the attractor current path of each of said 
electromagnetic assemblies being positioned in 
slots adjacent the surface of the cylindrical magnet 
wherein a core of said cylindrical magnet is a ferro 
magnetic material and the attractor current path 
and excitation coil of each of the plurality of elec 
tromagnetic assemblies are positioned parallel to 
an axis of rotation of said cylindrical coil within 
slots of said magnetic material core into the cylin~ 
drical surface which extend along its length, and 

a ?exible elongated conveyor contacting at least a 
portion of the outside surface of said cylindrical 
magnet in a manner to change conveyor direction 
and also in a manner to rotate said magnet in re 
sponse to linear motion of the conveyor, whereby 
non-magnetic metal pieces within a mixture includ 
ing other types of objects are drawn against said 
conveyor belt at its region contacting said cylindri 
cal magnet while certain other types of objects are 
not, 

9. Apparatus according to claim 8 wherein each of 
said electromagnetic assemblies additionally includes a 
pair of spaced apart parallel slots in which the attractor 
electrical current path is positioned with said excitor 
coil being formed in a pair of slots adjacent and parallel 
to said attractor current loop slots but to the outside 
thereof, said pair of excitor coil slots of each said elec 
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Elli 
tromagnetic assemblies additionally receiving a portion 
of the excitation coils of the electromagnetic assem 
blies on either side thereof, whereby the zones of at 
traction of non-magnetic metal are formed substan 
tially continuously around said cylinder with only small 
areas of repulsion between each of said zones of attrac~ 
tion. 

10. Apparatus for separating nonmagnetic metal 
pieces from a mixture including other types of objects, 
comprising: 
a cylindrical magnet characterized by a plurality of 
zones of attraction of non-magnetic metal pieces 
toward said cylindrical magnet, said zones covering 
a significant amount of the outside surface of said 
cylindrical magnet, said cylindrical magnet com 
prising: 
a large number of circular magnetic material sheets 
held together at their center at the axis of rota 
tion and perpendicular thereto, such sheets hav 
ing two distinct diameters and being arranged to 
form a plurality of spools along the length of the 
cylindrical magnet that are separated by walls of 
the larger diameter magnetic discs, 

a plurality of exciting windings contained individu 
ally in every third spool along the length of said 
cylindrical magnet, said excitor windings being 
electrically connected so that current ?ows in 
opposite directions in adjacent excitor windings, 
and 

an attractor windings in each of the spools con 
tained between two of said excitor windings, 
whereby a zone of attraction of non‘magnetic 
metal pieces is formed around said cylindrical 
magnet across said attractor windings with repul 
sion areas between said attraction zones, and 

a ?exible elongated conveyor contacting at least a 
portion of the outside surface of said cylindrical 
magnet in a manner to change conveyor direction 
and also in a manner to rotate said magnet in re~ 
sponse to linear motion of the conveyor, whereby 
non-magnetic metal pieces within a mixture includ 
ing other types of objects are drawn against said 
conveyor belt at its region contacting said cylindri 
cal magnet while certain other types of objects are 
not. 

11. Apparatus according to claim it) which addition 
ally comprises: 

diverters adjacent said conveyor upstream of said cy 
lindrical magnet, said mechanical diverters posi 
tioned to form a stream of material mixture into in 

dividual streams that pass over said cylindrical 
magnet within its zones of attraction of non 
magnetic metal particles. 

12, Apparatus for separating non-magnetic metal 
pieces from a mixture including other types of objects, 
comprising: 

a cylindrical magnet characterized by a plurality of 
zones of attraction of non-magnetic metal pieces 
toward said cylindrical magnet, said zones covering 
a signi?cant amount of the outside surface of said 
cylindrical magnet, 

a ?exible elongated conveyor contacting at least a 
portion of the outside surface of said cylindrical 
magnet in a manner to change conveyor direction 
and also in a manner to rotate said magnet in re 
sponse to linear motion of the conveyor, whereby 
non-magnetic metal pieces within a mixture includ 
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ing other types of objects are drawn against said 
conveyor belt at its region contacting said cylindri 
cal magnet while certain other types of objects are 
not, and 

magnetic material positioned immediately adjacent 
substantially all of the cylindrical magnet outside 
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12 
surface that is not contacted by said conveyor belt, 
whereby the current in said excitor windings is re 

duced when in the region of said magnetic path ma 
terial. 


