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This invention relates to magnetic separation,
and more particularly to the magnetic separa-
tion of stray pieces of magnetic material, such
as bolts, rods, tools, and like tramp iron, from
bulky materials of which quantities turbulently
fall upon and slide or tumble over a plate through
the field of a separator magnet at recurrent
spaced intervals of time, as for example, the
removal of iron from coal discharged from cars
which are dumped in succession onto an inclined
chute.

In car dumper chutes of this type, the bottom
plates must be very strong and durable in order
to resist the sbrasive action of the falling ma-
terial. Preferably, such plates should be made
of iron or steel. Iron or steel plates, however,
interfere with the creation of a strong flux in
the path of the falling materials.. Furthermore,
the chutes are so arranged that only magnets
of very limited size can be installed in connec-
tion therewith unless the chute is to be changed
materially in construction. Because of these dif-
ficulties, attempts have been made to utilize more
effectively the flux produced by small magnets.
So far, no one has been able to do so without
some material changes in the chute. The usual
choice has been to replace the steel bottom plates
of the chutes by bottoms made of alternate strips
of iron and non-magnetic material, such as brass.
The magnetic poles are then placed beneath the
iron portions of such composite plates, or ex-
tended through openings therein, and the avail-
able flux utilized more effectively since it is pre-
vented from passing from pole to pole through
the bottom plate itself. While these non-mag-
netic strips provide a gap effective for this pur-
pose, they are subject to rapid wear and de-
terioration. Consequently, this type of combina-
tion chute and separator is expensive both be-

cause of the special construction and because of -

its relatively short life and high maintenance
cost. Oftentimes, too, additional changes were
provided in the sides and cover of the chute so
as to provide non-magnetic gaps between the
poles.

The problem was presented, therefore, of pro-
viding sufficiently small magnets so that changes
in the chute construction were not required and
to avoid the use of the non-magnetic inserts,

while at the same time obtaining sufficient avail-. ¢

able flux from the small magnets both to sepa-
rate out the tramp material and to constrain the
tramp material after separation from dislodge-
ment by other material of the charge or of sub-
sequent charges passing along the chute.
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In accordance with the present invention, ad-
vantage is taken of the fact that the flux re-
quired to hold a piece of magnetic material
against a pole piece of a magnet is less than
that required to draw the material to the pole
piece across an air gap. Further advantage is
taken of the fact that in the use of chutes of
this character, the material is dumped in suc-
cessive charges spaced apart at somewhat uni-
form short intervals of time. Another fact is
that a magnet may be over-energized and pro-
duce a great excess of flux for a relatively short
interval of time without deleterious -effects,
whereas were such over-energization to be con-
tinued for a somewhat longer interval, the re-
sultant heating would damage and rapidly de-
teriorate the magnet.

The present invention has to do with the new
interrelation of these circumstances, phenomena,
and structural limitations in a manner such
that the desired results are obtained with a
standard chute and while utilizing much smaller
magnets than were heretofore thought practi-
cable. This involves, directly, the conception
that over-energization of the magnets for the
relatively short intervals of time during which
material is passing through the field thereof can
be maintained, without danger to the magnet,
at a degree such that an excess of flux over that
required for saturating the bottom plate of the
chute is produced, and that this over-energiza-
tion must be reduced immediately after the pas-
sage of the charge of material through the field
of the magnets, but only to a degree of energiza-
tion of the magnets which provides a below-
normal or holding flux which is adequate for
maintaining the magnetic material directly
against the bottom plate and constraining it
from. dislodgement by gravity, while permitting
the magnets to cool. By virtue of this arrange-
ment, the tendency toward excessive heat created
during the alternate periods of over-energization
and separating flux is dissipated during the alter-
nate periods of under-energization and holding
fiux, at which time the magnets are subjected
to but little heating effect. ,

Since the overenergization resulting from the
application of increased voltage greatly in-
creases the magnetic flux and completely satu-
rates the iron or steel plate of the chute so that
it does not act as a magnetic shunt for the
additional flux, there is a great excess of flux
in the turbulent mass of falling and sliding ma-
terial, causing a strong pull to be exerted upon
any stray magnetic pieces that are present. Also,
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this greatly increased flux concentration during
the time that the material is falling retains in
position against mechnical impact any magnetic
material which has been previously attracted
to the bottom plate of the chute. The necessity
of resorting to costly and complicated chute con-
struction in order to obtain sufficient separating
flux is therefore avoided.

An object of the invention is to obtain greater
efficiency of separation of magnetic material from
mixtures which pass a fixed point at successive,
spaced intervals of time.

A further object of the invention is to provide
2, magnetic separator adopted to separate tramp
iron from bulky material as gquantities thereof
turbulently fall upon and slide across a steel
plate at successive, spaced relatively short in-
tervals of time.

Another object of the invention is to provide
a magnetic separator for use in conjunction with
an inclined chute such as commonly used for
transferring a quantity of bulky material from a
dumped car to a transporting vehicle.

A more specific object of the invention is to
provide a magnetic separator adopted to sepa-
rate iron from coal as it falls from an inverted
railroad car and which is more efficient and
effective than those heretofore used.

Another object is to provide a separator mag-

net system for loads which pass the magnet at 2

successive, spaced intervals of time and in which,
while a load is passing, an extremely high voltage
is applied to the system to over-energize the
magnets and create a separating flux, and, while
a load is not passing, a reduced voltage is applied
to the system which causes under-energization
of the magnets to create a holding flux which
is less than the separating flux.

A further object is to provide a magnetic sepa-
rator in which the magnets are placed beneath a
continuous iron or steel plate and so energized
that the plate is completely saturated and an ex-
tremely strong magnetic field created above the
plate.

Other objects and advantages will become ap-
parent from the following specification wherein
reference is made to the drawings in which:

Fig. 1 is a diagrammatic side elevation of a.

portion of a car dumper and chute with the
separator magnets in place;

Fig. 2 is a plan view of a portion of the car
dumper chute shown in Fig. 1;

Fig. 3 is a sectional view taken on the line 3—3
of Fig. 2;

Fig. 4 is a complete wiring diagram of a con- :

troller for a plurality of separator magnets which
may be used as part of the bank of magnets
shown in Fig. 2; and

Fig. 5 is a simplifieq wiring diagram of a por-
tion of the wiring diagram shown in Fig. 4, and
particularly showing the power circuits for the
magnets.

Referring to Fig. 1, a portion of the supporting
structure of a car dumper is indicated at 10.
In the operation of such dumpers, a railroad car
i1 to be dumped is placed in a framework or
cradle {2 and is raised in an upright position
from the bottom of the ear dumper to a point
near the top by means of some form of hoisting
mechanism shown as a cable 13 wound upon a
drum (4 driven by a motor 15. When the cradle
t2 reaches the height from which the car 11 is
to be dumped, a slot 1§ in the cradle 12 engages
a cylindrical shaft 7 fastened rigidly to the car
dumper structure I9.

As the cable I3 continues 7
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to pull upward, the cradle {2 pivots about the
shaft 11, and concurrently the rod-like mem-
bers 18 controlled by the cables (9 pivot at 20
to hold the car I{ within the cradle 12 while the
car il is being emptied. The particular struc-
ture and operation of the car dumper illustrated
forms no part of this invention and therefore is
net referrad to in detail. The motor 15 also
drives a limit switch 40, shown as of the fravel-
ing nut type, which controls the energization of
the separator magnets in a manner to be de-
scribed.

The uppermost portion of an inclined chufe 21
is arranged directly below the inverted car tl.
The chute 21 comprises a structural framework
22 supporting an iron or steel bottom plate 23.
Ircn or steel side panels 24 are arranged on each
side of the bottom plate and a cover 25 encloses
the chute for substantially all of its length leav-
ing sn opening 28 at the top through which the
material may fall from the car il onfo the plate
23.

As more clearly shown in Fig. 2, the plate 23 is
substantially a triangle, having one side at the
top and tapering in the direction of incline to-
ward the lower angle. An opening which com-
municates with a flexible conduit 26 is left at
the bottom of the chute by termination of the
sides 24, top 25, and bottom 23. The conduit
26 can be moved at the will of an operator in the
cab 27 fo direct the flow of falling material.

Each of the magnets 30 comprises a square
vokes 35 having a central opening 29 througch
which a hollow, cylindrical pole member 37 is in-
serted. The pole member 37T may be retained
in. position by welding as at 34. A winding 41
surrounds each of the poles 237. The windings
44 are insulated from the yoke and poles by
means of insulating material 42, are preferably
impregnated with an insulating compound to
make them moisture-proof, and are enclosed in
metal casings 43. The poles 37 extend above
the casings 43 and abut tightly against the bot-
tom plate 23. Electrical connections to the coils
41 may be made through conduits 44 which pass
through openings 45 in the yokes 35.

The magnets 30 are placed beneath the portion
of the plate 23 where the falling material strikes.

Referring to Fig. 2, two of the magnets 30 are
arranged within each of the spaces between the
transverse girders 31 and 32 and the longitudinal
girders 33 which form part of the structural
framework 22. The yokes 35 of longitudinally
adjacent magnets abut tightly against each other
to form a good path for magnetic flux and the
magnets 30 are preferably of such size that the
yokes of transversely adjacent magnets touch
each other beneath the longitudinal girders 33,
as shown in Fig. 3, thus making a good magnetic
circuit transversely of the chute 21 as well as
a good magnetic circuit longitudinally of the
chute 21. The coils 41 of the magnets 39 are
preferably wound so that alternate north and
south poles occur in both the transverse and lon-
gitudinal directions as indicated.

When no material is passing through the chute,
a comparatively low voltage is impressed upon
the magnets 30 to create a holding flux. When
the car 11 begins to tilt, the limit switch 40 com-
pletes electrical connections which cause the
magnets 30 to be over-energized by a voltage in
excess of their normal voltage to produce a sep-
arating flux. The limit swiich 48 should be so
adjusted in relation to the position of the car 11
that the magnets 30 are connected for over-ener-
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gization a few seconds before any material be-
gins to fall. This time inferval permits the sep-
arating flux to reach its full strength before any
maiterial strikes the plate 23. The over-excita-
tion normally continues until the car is unloaded
and moved back into an upright position. In case
the car is left in a tilted or inverted positicn fcz
too long a time, a time delay arrangement ocper-
ates to automatically reduce the over-energiza-
tion of the magnets and apply a reduced volcage
sufficient to create a holding flux.

Some features of the magnet controller now
to be described are disclosed and claimed in
Wright Reissue Patent No. 20,724, issued May 10,
1938 and in a copending application of Arthur L.
Ward, Serial No. 173,817, filed November 10, 1837,
now U. S. Letters Patent No. 2,195,017. Other
types of automatic magnet controllers can be
adapted in a similar manner to provide the de-
sired control.

Referring to Figs. 4 and 5, a source of direct
current supply is illustrated at 51 and §2 and a
double-pole knife switch 53 is provided to connect
the source of supply 51 and 52 to the conductors
54 and 55, which lead to an electromagnetic
switch 56. The switch 56 has an operating
winding 58w, normally-open main contacts 58a
and 56b, and normally-open auxiliary contacts
56c and 56d. The separator magnets 30 are
series connected in two groups 38 and 39 of five
_magnets each, and electromagnetic switches 57
and 58 control the connection of the magnet
groups 38 and 39 between the conductors §9 and
60. The conductors 59 and 60 are energized from
the source 51, 52 when the switches 53 and 5%
are closed.

Two groups of five magnets each have been
illustrated as controlled by one controller, but
any reasonable number of groups having any
number of magnets could be associated with a
single controller if desired. Preferably the re-
maining magnets are arranged in similar groups
and two or more of the groups controlled by a
separate controller, The several controllers may
be connected in parallel with each other in a
manner to be described.

The switch 57 has an operating winding ‘57w
and normally-open main contacts 5Ta and is ar-
ranged to connect the magnet groups 38 and 39

in series with each other and with a resistor 61 ¢

across the conductors 59 and 60. The switch 58
has an operating winding 58w and normally-open
main contacts 58a¢ and 58b. The contacts 98a
and 58b when closed connect the magnet groups

38 and 39 in parallel with each other acress the ¢

conductors 59 and 60.

The time delay arrangement which operates to
automatically reduce the magnet energization in
case the car 11 is left in a tilted or inverted po-
sition for too long a time comprises two time de-
lay relays 62 and 63. The relay 62 has an cper-
ating winding 62w and normally-open contacts
62a, which are delayed in their closing movement
by means of a retarding device shown as a dash
pot 64. The relay 63 has an operating winding
63w and normally-open contacts 63¢ which are
delayed in their opening movement by means of
a dash pot 65.

An electromagnetic switch 10 having an oper-
ating coil 70w, normally-open contacts 10e¢ and
10b, and a normally-closed auxiliary contact 19c
is arranged to provide reverse voliage connec-
tions for the magnets 89 through the resistors
Ti and 12.

A push button 73 controls the operation of the
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switch 56 and a push button 74 controls the
operation of the switch 70. The operation of the
switches 57 and 58 is controlled by means of the
traveling nut limit switch 40 which is driven by
the motor 15 of the car hoisting mechanism as
shown in Fig. 1. The switch 40 comprises a screw -
45 and a traveling nut 47 having a contact brush
48 attached thereto. The contact brush 48 is
arranged to selectively electrically connect the
segments 68 and 3% to a segment 67 as the screw
48 rotates. ’

To provide an adjustment of the operating
characteristics of the reverse voltage switch 70,
2 resistor 75 having an adjustable connector 16
is connected in parallel with the winding T8w.
A fixed resistor 77 is connected in series with the
adjustable resistor 75. The resistors T8 and 19
are arranged to be connected in series with the
winding 70w when the magnets 30 are discharg-
ing to reduce to a safe value the voltage applied
to the winding T6w.

Controllers which are preferably duplicates of
the one shown in Fig. 4 are provided for the
other magnets, but are not illusirated, inasmuch
as their construction and operation are apparent
from the illustrated controller. The duplicate
contrcllers are preferably connected in parallel
with the controller shown so as to be operable
from the push buttons 73 and 74 and the limit
switch 48 by connecting a conductor 96 to one
terminal of the operating windings of the
switches of the duplicate controllers which cor-
respond to the switch 5§, a conductor 97 to one
terminal of the operating windings in the dupli-
cate controllers which correspond to the winding
10w, a conductor 98 to one terminal of the oper-.
ating windings corresponding to the winding 51w,
and a conductor 99 to one terminal of the oper-
ating windings corresponding to the winding 58w.
The other terminals of each of the corresponding
windings in the duplicate contirollers are con-
nected to a conductor corresponding to the con-
ductor 82 of the illustrated controller in the same
manner as in the illustrated controller, and that
conductor connected to the source of power 51, 52
hy means of a conductor 85 and the conductor 55.

As more clearly seen in Fig. 5, the series con-
nected magnet groups 38 and 39 are arranged to
be connected either in series or in parallel be-
tween the conductors 58 and 60, When a car is
not being dumped, the switches 56 and 51 are
closed to connect the magnet groups 38 and 39
in series with each other and in series with the
resistor 6§ across the energized conductors 59
and §8. With this connection the magnets are
underenergized and produce only a holding flux.
When the car !! begins to tilt, the switch 58
closes. Closure of the switch 58 connects each of
the magnet groups 38 and 39 directly across the
conductors 59 and 69. Since with this latter
connection, the magnets in only one group are
now in series with each other and the resistor
61 is not in series therewith, a much larger volt-
age is impressed upon each magnet, and, as a re-
sult, the magnets are overenergized to produce
a separation flux. Shortly after the switch 58
closes, the switch 57 opens to disconnect the re-
sistor 8¢, It is essential, in order to avoid de-
structive induced voltages, that the switch 58
close before the switch 57 is opened so that the
magnets 30 are not disconnected from the source
of supply.

As a result of the overenergization of the mag-
nets 30 during the time that the car 11 is being
emptied, the steel bottom plate 23 of the chute 21
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is magnetically saturated and a strong magnetic
field is present in the path of the falling material
to cause any iron that may be present to be at-
tracted to the plate 23. Further, any material
that has been attracted is retained in place
against the impact of the falling material. After
the car {1 is emptied, it is moved back to an up-
right position. During this operation, the switch
BT first closes to connect the resistor §1 in cir-
cuit with the magnets 30, and then the switch 58
opens to remove the high voltage from the mag-
nets. The magnet groups 38 and 39 are now
again connected in series with each other and
with the resistor 6i across the source of power.
The voltage impressed upon each magnet with
this connection is preferably just sufficient to cre-
ate a holding flux strong enough to constrain any
attracted material in position against the pull of
gravity.

The apparatus operates as follows:

If the knife switch 53 is closed, power from
the source 5f and 52 is applied to the conductors
54 and 55, and if the push button 13 is operated
to. its closed position, an operating circuit is com-
pleted for the winding §6w of the switch 56 from
the conductor 54 through a conductor 80, the
push button 13, the winding 56w, and the con-
ductors 8{ and 82 to the conductor 55. Ener-
gization of the winding 86w causes operation of
the switch 56 to its closed position to connect the
conductors 54 and 55 to the conductors 59 and 60
respectively.

If the car ¢! and the cradle 12 are at the bot-
tom of the car dumper, the traveling nut 47 and
its associated contact brush 48 will be in the po-
sition shown in Fig. 4. When in this position, the
brush 48 completes a circuit from the energized
conductor 39, the contact segment 67, the brush
48, the contact segment 68, the winding 57w, and
a conductor 83 to the energized conductor 82.
The resulting energization of the winding 51w
causes closure of the contacts 51a of the switch
81. Power is now supplied to the magnets 30
from the energized conductor 58, through the
magnet greup 28, the contacts 57a, the resistor 61,
and the magnet group 39 to the energized con-
ductor 68. Since the magnets 30 are now all
connected in series with each other and with
the resistor €1, each magnet is energized by a
relatively low voltage which is preferably just
sufficient to create a holding flux strong enough
to constrain in position against the pull of grav-
ity any magnetic material that might be on the
plate 23.

As the hoisting mechanism moves the cradle
12 and the car Il upward, the contact brush 48
moves along the contact segments 67 and 68 to-
ward the contact segment 69. When the car {1
begins to tilt, the brush 48 comes in contact with
the segment 69 and completes a circuit from the
energized conductor 80, the contact segment 61,
the brush 48, the segment 69, the winding 58w of
the switch 58, a conductor 84, and the normally-
closed contacts 63a of the relay 63 to the con-
ductor 82. In response to the resulting ener-
gization of its operating winding 58w, the switch
58 closes its main contacts 58¢ and 58b to con-
nect the magnet groups 38 and 39 in parallel be-
tween the energized conductors 59 and 60. The
windings 62w and 63w of the time delay relays
62 and 63 respectively are energized concurrently
with the winding 58w when the brush 48 contacts
the segment 69, but the contacts 62¢ and 63a re-
main in normal position. The circuit through the
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gized segment 69, the winding 62w, a conductor
88, and the winding 63w to the conductor 82,

Further movement of the hoisting mechanism
causes the brush 48 to leave the segment 68 and
thus to interrupt the circuit to the winding 5Tw.
As a result, the winding 3Tw is deenergized and
the switch 57 opens its contacts 57a¢ and leaves
the magnets 30 connected in two parallel groups
between the conductors 59 and 69. The switch
87 remains closed for an interval after the switch
58 closes to insure that the magnets are not com-
pletely disconnected from the source of supply.
The elimination of the resistor 61 from its series
connection with the magnets 30 and the fact that
there are now only five magnets connected in
series with each other results in a greatly in-
creased voltage being impressed on each of the
magnets 30. This increased voltage creates a
Jarge magnetic flux which completely saturates
the plate 23 and also passes above the plate 23
into the air gap through which the falling ma-
terial is to pass. As the car is turned to the in-
verted position, the brush 48 remains in contact
with the seements 67 and 69, as shown in Fig. 1,
and the magnets are overenergized to produce a
separating flux during this entire time.

As soon as the car is emptied, the hoisting
mechanism is reversed, and the brush 48 starts
to move back towards the segment §8. When
the car (i approaches its upright position, the
brush 48 again contacts the segment 68 to re-
establish the circuit to the winding 57w pre-
viously traced. As a result, the switch 57 again
closes. Upon further movement of the car I,
the brush 48 leaves the contact segment 69 to
interrupt the circuit to the winding 53w. The
switch 58 consequently opens, leaving the mag-
nets 30 again connected in series with each
other and in series with the resistor 6!. The
magnets 29 are now underenergized, but the
holding flux produced is sufficient to retain in
position, against the pull of gravity, any mag-
netic material that has been attracted.

As subsequent cars are moved onto the cradle
12 and hoisted and emptied, the same sequence
of operations takes place. The increased ener-
gization during the time that the car {1 is be-
ing emptied insures that any previously at-
tracted magnetic pieces are held firmly in place
against the impact of the falling coal or other
material and also that there is sufficient flux in
the stream of the falling material to extract
any additional tramp magnetic pieces.

After several cars have been emptied and an
accumulation of magnetic material is present
on the chute bottom 23, it is desirable to de-
energize the magnets 39 to facilitate the re-
moval of such material. The magnets 28 may he
deenergized by closing the push button 74 and
opening the push button 78. Closure of the
push button 74 completes an energizing circuit
for the winding 70w of the switch 18 from the
energized conductor 80, the push button 14, the
winding 18w, a conductor 84, the ccntacts 55d
of the switch 56 to the energized conductor 82.
The switch 70 in response to the energization
of its operating winding 78w closes its main
contacts 70a and 78b to set up reverse voltage
connections for the magnets 3. If the push
button 13 has previously been opened or is now
opened, the winding 56w is deenergized, result-
ing in the opening of the switch 53. Onening
of the push button 73 before the switch 6 closes
has no effect upon the winding 56w because of
an interlock . circuit extending from the con-
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ductor 80 through the resistor 12, the conduc-
tors 95 and 49, the contacts 16¢, a conductor 88,
the contacts 56c, a conductor 81, the winding
56w and the conductor 81 to the conductor 82.
The purpose of this interlock eircuit is to pre-
vent deenergization of the magnets 30 by open-
ing of the push button 13 without closure of
the switch 70. .

Closure of the main contacts of the switch T6
completes a magnet discharge circuit which ex-
tends from the terminal of the magnet group
38 which is connected to the conductor 59,
through the conductor 59, the contacts 19a, the
resistor T1, the conductor 82, the knife switch
53 to the source of supply 51 and 52 and thence
back through the knife switch 53, the conductor
80, the resistor 72, the conductor 95, the con-
tacts 76b and the conductor 60 to the terminal
of the magnet group 39 which is connected to
the conductor 60. If the switch 57 is closed at
the time of operation of the closure of the switch
10, the discharge circuit is completed between
the magnet groups 38 and 38 through the re~
sistor 61 and the contacts 57a of the switch 51.
If the switch 58 is closed at the time of closure
of the switch 18, the discharge circuit previously
traced is completed through the magnet groups
38 and 39 in parallel across the conductors 59
and 60 by means of the contacts 56a and 58b of
the switch §8.

When the switch 36 opens in response to open-
ing of the contacts T8¢, the discharge voltage of
the magnet is opposed to the supply line volt-
age, and, when the discharge voltage which
may be twice or three times as much as
the supply voltage at the beginning of the dis-
charge, has reduced to a value equal! and
opposed to the supply voltage, the current in the
magnets 30 becomes zero. Current now begins
to flow in the reverse direction through: the
magnets 30 over one or the other of the pre-
viously traced reverse voltage circuits, depend-
ing upon which one is completed. The reverse
current through the magnets 30 tends to cause
the remaining flux to decrease to a zero value.

The original circuit to the coil 78w through
the contacts 58d is interrupted when the switch
56 opens, but the coil T0w remains energized
due to the discharge voltage of the magnet over
a, circuit which extends from the winding 10w
to the resistor 18, the conductors 93 and 60,
the magnet group 39, the resistor 64, the con-
tacts 57¢, the magnet group 38, the conductor
59, the contacts 108a, the resistor Ti, the resistor
19 and the conductor 84 to the other terminal
of the winding T0w. If the switch §8 is closed
instead of the switch 57, the discharge voltage
energizing circuit for the winding 8w is com-
pleted through the magnet groups 38 and 39
in parallel by means of the contacts 58a and 58b
rather than in series through the resistor 61 and
the contacts 51a. :

When the discharge voltage reaches a pre-
determined value due to the reverse current,
the winding 70w will be sufficiently deenergized
to permit the switch 78 to open, thereby cut-
ting off the current at the moment the mag-
nets 30 are demagnetized to a predetermined
degree. 'The adjustable resistor 15 is provided
in the circuit of the coil 10w to permit control

of the value of reverse current which permits-

operation of the switch 18 to its open position.
Should the car i{ be left in its inverted or

tilted position for a period much longer than

that normally required to empty it of its con-
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tents, the magnets 30 would be seriously dam-
aged by overheating caused by the high current
necessary to create the overenergization. To pre-
vent this from happening, the time delay relays 62
and 63 are provided for automatically reducing
the voltage applied to the magnets after a pre-
determined interval of time.

When the brush 48 engages the segment 63 to
energize the winding ‘58w and close the switch
58, a circuit previously traced is completed to the
windings 62w and 83w of the time delay relays
82 and 63 respectively. If the car I{ remains in
a position such.that the contact brush 48 com-
pletes a connection to the segment 69 for a period
which is somewhat longer than that normally re~
quired to empty a car, the contacts 62a of the
relay 82 close to complete a circuit from the con-
ductor 89, the contacts 62a, a conductor 85, the
winding 57w and the conductor 83 to the con-
ductor 82. The winding 57w is therefore ener-
gized even though the brush 48 is not in contact
with the segment 68, and, as a result, the switch
57 closes its contacts 57a to set up the series
or reduced voltage connection for the magnet
groups 38 and 39.

Although the windings 62w and 63w are si-
multaneously energized, the dash pot 65 is so
adjusted in relation to the dash pot 64 that the
contacts 63a¢ do not open until after the contacts
62a close. After a lapse of this additional time,
the contacts 63a open to interrupt the circuit pre-
viously traced to the winding 98w. As a result
of the deenergization of the winding 58w, the
contactor 58 opens its contacts 58a and 58b to
remove the parallel or high voltage connection
of the magnet groups 38 and 39, and since the
switch 51 is closed, the magnets 38 are now con-
nected in series with each other through the
resistor 81 across the conductors 59 and 60. The
voltage impressed upon each of the magnets 38
is thereby reduced and a holding flux created
even though the brush 48 is still in contact with
the segment 69. When the car is moved back
to its upright position, the brush 48 leaves the
segment 69 and thereby deenergizes the windings
62w and 63w and the relays 62 and 63 return to
their normal position.

I claim:

1. In combination, a car dumping mechanism
for successively inverting cars containing mix-
tures to be magnetically separated and for return-
ing the cars to an upright position after the mix-
tures have fallen from the cars, a separator mag-
net fixed in proximity fo the path along which
the mixtures pass, means operated by the car
dumping mechanism to over-energize said mag-
net to create a separating flux while the cars
are being emptied, and means operated by the
car dumping mechanism as it returns the cars
to upright position to under-energize the magnet
to create a holding flux, whereby the magnet is
permitted to cool before the next successive car
is_dumped and attracted material is retained in
attracted position during cooling of the magnet.

2. The combination with mechanism for han-
dling and separating materials and wherein are
provided means operable for causing quantities of
the materials to pass along a given path at suc-
cessive, spaced intervals of time and a separator
magnet for creating a magnetic field in said
path, of control means operated by the first
means, when the first means is operated to cause
passage of a quantity of material along: said
path, to connect the magnet for over-energiza-
tion by a source of power, whereby the magnef
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produces a separating flux while the material is
passing along said path, said control means be-
ing operated by the first means, when the first
means is operated to stop the passage of said
material, to connect the magnet for under-ener-
gization by a source of power, whereby the mag-
net produces a holding flux while the material is
not passing along said path. »

3. The combination in accordance with claim 2
characterized further in that the control means
comprises a limit switch and electromagnetic con-
tactors operated by said limit switch to effect
the magnet connections.

4, The combination in accordance with claim
2 characterized further in that the first means
comprises a car dumping apparatus and the con-
trol means comprises a limit switch operated
thereby.

5. The combination with a chute means defin-

ing a predetermined path of flow for mixtures

to be magnetically separated, means to alternate-
ly permit and prevent the fiow of said mixtures
along said path, an electromagnet in close prox-
imity to said path and energized to a predeter-
mined value capable of separating and holding
magnetic materials, of means operable, while said
mixtures are not flowing along said path, to de-
crease the energization of said magnet from said
predetermined value to a lower value capable only

of holding the magnetic material after it has

been separated, said last named means being ren-
dered operative upon operation of said second
mentioned means to prevent flow of material
along said path.

6. A mechanism for separating magnetic ma- :

terials, comprising an electromagnet adapted to
be connected to a source of power, intermittently
acting means for supplying materials to bz sep-
arated to saild magnet at successive, spaced in-
tervals of time, switching means operable to
change the effective resistance of said magnet
whereby the field strength of the maghet can
be increased and decreased, and means opera-
tively connecting said intermittently acting means
and said switching means to cause said switch-
ing means to effect a decrease in the effective
resistance of said magnet just prior to and dur-
ing the supplying of materials to said magnet
and to cause said switching means to effect an
inerease in the resistance of said magnet dur-
ing intervals when materials are not being sup-
plied to said magnet.

7. The combination with a mechanism for han-
dling and separating magnetic material from

mixtures and wherein are provided means op- :

erable for causing quantities of the mixtures to be
handled and separated to pass along a given path
at successive, spaced intervals of time, and a sep-
arator magnet adapted to be connected to a
scurce of power for creating a magnetic field in
said path, of control means operated by the first
named means, when the first named means is op-
erated to cause the mixtures to pass along said
path, to connect said magnet to 'a source of power
for over-energization, whereby said magnet pro-
duces a separating flux while the mixtures are
passing, and said control means being operated
by the first named means, when the first named
means is operated to stop the passage of said
mixtures, to connect said magnet to a source of
power for under-energization, whereby said mag-
net produces a holding fiux while mixtures are
not passing along said path, and means opera-
tive when said control means connects said mag-
net for over-energization for a predetermined in-
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terval of time to disconnect said magnet from
over-energization.

8. The combination with a mechanism for han-
dling and extracting magnetic material from mix-
tures, wherein are provided means operable for
causing quantities of the mixtures to be separat-
ed to pass along a given path at successive, spaced
intervals of time, a separator magnet for creat-
ing a magnetic field in said path, of control
means operated by the first means, when the
first meéans is operatéd to cause the passage of
mixtures along said path, to connect said magnet
for over-energization, whereby said magnet pro-
duces a separating flux while the mixtures are

5 passing along said path, and said control means

being operated by the first means, when the first
means is operated to stop the passage of said
mixtures, to connect said magnet for under-en-
ergization, whereby said magnet produces a hold-
ing flux while mixtures are not passing along said
path, and means operative when said control
means connects said magnet for over-energiza-
tion for a predetermined interval of time to dis-
connect said magnet from over-energization and
to connect the magnet for under-energization,
whereby said magnet produces a holding flux re-
gardless of the operation of said first mentioned
means.

9. The combination with a mechanism for han-
dling and separating magnetic material from
mixtures and wherein are provided means op-
erable for causing the mixtures to pass across
the surface of a steel plate at successive, spaced
intervals of time, an electromagnet beneath said
plate and arranged to direct magnetic flux up-
wardly through said plate, of means operated by
the first means, when the first means is operat-
ed to cause passage of mixtures across said plate,
to connect said magnet for over-energization,
whereby the magnet is energized to such a degree
that the plate is saturated and a large flux passes
above the plate into the path of the mixtures
while the mixtures are passing across said plate,
whereby maghetic materials are separated from
the mixtures, and means operated by the first
means, when the first means is operated to stop
the passage of mixtures across said plate, to re-
duce the energization of the magnet only to a
degre sufficient to retain any separated material
on the plate against the pull of gravity while
the mixtures are not tumbling across said plate,
whereby cooling of the magnets between separat-
ing operations and consequent over-energization
during separation periods are permitted.

10. The combination with a mechanism for
handling and -separating magnetic materials
wherein are provided means operable for caus-
ing quantities of material to pass at successive
spaced intervals of time along a given path, a
plurality of electro-magnets having their poles
in close proximity to said path, whereby the mag-
nets can create a magnetic field in said path
when the magnets are energized, of means oper-
ated by the first means, when the first means
is operated to cause passage of materials along
said path, to connect said magnets in paraliel
across a source of power which over-energizes
the magnets while so connected and while the
mixtures are flowing along said path, whereby
magnetic materials are separated, and means op-
erated by the first means, when the first means
is operated to stop the passage of said materials,
to connect said magnets in series with each other
while they remain connected in parallel to said
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source of power and then to disconnect said par-
allel connection, said series connection causing
the under-energization of the magnets to a de-
gree sufficient only to retain any separated mate-
rial against the pull of gravity while the ma-
terials are not flowing along said path, where-
by cooling of the magnets between separating cp-
erations and consequent over-energization dur-
ing separating periods are permitted.

11, In combination, a car dumping mechanism
operable with respect to a number of leaded cars
to receive the cars, dump a load of material there-
from, and then discharge the cars, one at a
timeé, successively, chute means for guiding the
loads one at a time along a given path, a sep-
arator magnet positioned in close proximity to
said path whereby the magnet can create a mag-
netic field intersecting said path when the mag-
net is energized, means operated by the car
dumping mechanism to over-energize the magnet
in a timed relation to the car dumping mecha-
nism so that the magnet is over-energized while
each load is passing along said path and through
the magnetic field, whereby each load passes
through a separating flux, and to under-energize
the magnet in a timed relation to the car dump-
ing mechanism so that the magnet is under-en-
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ergized between periods of passage of the loads
through the magnetic field, whereby a holding
flux is created to retain any attracted material in
attracted position.

12. The method of separating magnetic mate-
rials from a mixture containing both magnetic
and ncn-magnetic materials which comprises al-
ternately setting up a magnetic field of a pre-
determined value capable of separating magnetic
material from the mixture when passed there-
through and decreasing the strength of said mag-
netic field to a value less than said predetermined
value and capable only of holding all of the mag-
netic material after it is separated, passing a por-
tion of said mixture through said magnetic field
each time the field strength is at said predeter-
mined value thereby separating magnetic mate-
rial from each portion successively, discontinu-
ing the passing of said mixture through the mag-
netic field each time the strength of said field is
reduced to said lesser value and thereby holding
at the point of separation the magnetic material
separated from each portion until an accumu-
lation thereof from successive portions is ob-

tained.
RICHARD G. WIDDOWS.




