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UNITED STATES

PATENT OFFICE.

CLARENCE Q. PAYNE, OF STAMFORD, CONNECTICUT.

. DEVICE FOR AND METHOD OF ADJUSTING AND EQUALIZING THE MAGNETIC DENSITY IN THE POLE-PIECES ™

OF MAGNETIC SEPARATORS,

SPECIFICATION forming part of Letters Patent No. 500,606, dated July 4, 1893.
Application filed May 26, 1892, Serial No. 434,438, (No model,)

70 all whom it may CONCEFTL:
Be it known that I, CLARENCE QUINTARD

PAYNE, a citizen of the United States, and a |

resident of Stamford, Fairfield county, State
of Connecticut, have invented certain new
and useful Improvements in Devices for and
Methodsof Adjusting and Equalizing the Mag-
netic Density in the Pole-Pieces of Magnetic

Separators, of which the following is a speei-

fication.

My invention relates to devices for adjust-
ing and equalizing or distributing unitormly
the magnetic density of the lines of force
across the polar faces of the pole-pieces of an
electromagnet.

While the invention is applicable to any
form of electromagnetic machine in which
such a distribution is desirable, it is prima-
rily designed for use in magnetic separators
for the purpose of separating particles of iron
in a magnetic form from any non-magnetic
materials with which they may be mixed, and
more especially for use in that class of sepa-

rators which are adapted to the separation of

crushed iron ore into the different grades or
classes known in ore dressing as heads, mid-
dlings and tailings.

It 1s a well known fact that with a uniform
magneto-motive force, the distribution of
magnetic density at the polar faces of an elec-
tromagnet depends upon the size and relative
position of the polar faces. If the polar sur-
faces form parallel areas of equal size which
face one another, the distribution of magnetic
density at the two surfaces will be approxi-
mately uniform, for the reason that the lengths
of the air-paths of the lines of force between
the two areas, and hence the magnetic resist-
ance, are equal for all parts of the polar faces.
If, however, the two equal polar areas do not
face one another, but form an angle with one
another, or lie adjacent in the same plane or
surface, the distribution of magnetic density
along their surfaces will not be uniform. In
this case, the shortest distance of the lines of
force, in completing their cireuit through the
air, 18 just across from the inner edge of oune
polar surface to the inner edge of the other,

and as the lines of force tend to pursue paths

of least resistance, they will be most dense in

the region where they arch over in as short |

| an arch as possible, and they will be less

dense along the longer paths which arch over
more widely. "The lines of foree, in complet-
ing their paths through the air, occupy posi-
tlons at the two faces of the pole-pieces which
are normal to said polar faces, while above
the polar faces they pursue curved air paths
in joining the polar faces. As the lines of
force choose the shortest path in completing
their cireuit through the air, itis evident that

a plane passed through the air-path of a line

of force will be perpendicular to the polar
faces and will intersect them in a direetion
at right angles to their length.

To distinguish the direction in which the
magnetic density becomes equalized hy the
present invention—as being across and not
along the polar faces,—the direction is de-
lined as “coinciding with the planes of ihc
air-paths of the lines of force joining the
polar faces.”

In aprevious companion application, Serial
No. 429,753, filed April 18, 1892, I have shown
and deseribed a form of separator in which
the magnetic field (of whieh two are formed
on the same magnetic cireuit), is sitnated he-
tween parallel polar surfaces which face one
another. This arrangement insuares a uni-
form distribution of magnetic density aeross
the width of the polar surfaces, while at the
same time the distribution of magnetic den-
sity may, by varying the distance between
the polar surfaces, be so altered in the direc-
tion of their length as to acecomplish Impor-
tant results in the work of magnetic separa-
tlon.

In the invention for which companion ap-
plication Serial No. 434,079 was made, a form
of field entirely different from that just men-
tioned is employed. Iere the polar faces of
the electromagnet are adjacent and either lio
In the samesurface or in surfaces which make
an angle with one another. The magnetic
density is greatest at the inner edges of the
two polar faces, and decreases cradually to-
ward the outer edges. -

1'he object of this invention is to obtain
upon those portions of an operating sereen
which are opposite the polar faces of the
electromagnet and in the direction of theip
widths, a uniform attracting force. ~T'his is
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done by so inclining the screen
the polar faces with respect to each other,
that wedge-shaped air-gaps are introduced
between them, or, in other words, by making,
in a field of normal inequality of magnetic
distribution, a selective use of certain posi-
tions of the field opposite the polar faces,
which form surfaces inclined to said polar

faces.

In the invention which forms the subject
of the present application, use is made of
those portions only of a magnetic field which
are opposite the polar faces of an electro-
magnet,as in the last mentioned application,
but entirely different means are employed to
accomplish the same result. The object 1s
here to secure a uniform distribution of mag-
1otic density across the widths of the polar
faces which lie adjacent and in the same
surface. A uniform attracting force across
those portions of the screen surface which are
in {ront of and parallel to the polarfaces then
follows as a necessary result.

By this invention not onlyam I able to ac-
complish all the important results in the work
of magnetic separation described in the two
previous applications, but a more perfect con-
trol and adjustment of the magnetic attract-
ing force in the work of separation 1is, by
these means, secured. |

The invention will be best understood by
reference to the accompanying three sheets
of drawings forming a part of this specifica-
tion, in which—

Tigures 1 and 2 show in fransverse and
longitudinal section respectively a type of
electromagnet in which the pole-pieces are
partly composed of a series of movable plates.
[Figs. 8 and 4 show respectively similar views
of an electromagnet in which the pole-pieces
are partly composed of a series of plates which
can be given a slight rotary motion. Ifigs.
5 and 6 show respectively similar views of
an clectromagnet in which the pole-pieces
are partly constructed of oblique conical seg-
mental plates. TFigs. 7 and 3 show respect-
ively similar views of an electromagnet in
which the pole-pieces are partly composed
of a series of vertical segmental plates, and
Pigs. 9 and 10 show respectively similar views
of an electromagnet in which the same results
are sought by a subdivision of the electro-
magnet core in such a manner as to vary the
magneto-motive force in different parts of the
magnetic circuit. Fig. 11 illustrates the
method of spacing the movable plates across
the polar faces of pole-pieces both of the form
shown in TFigs. 1 and 2, and also of that In
IFigs. 5 and 6.

- Similarlettersrefertosimilar partsthrough-
out the several views. |

These electro-magnets are all designed to
securein directions coinciding with the planes
of the air paths of the lines of force that join
the pole-pieces, a uniform distribution of mag-
netic density, and hence a uniform magnetic

attraction along those portions of an operat- |
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surface and | ing screen placed opposite said polar faces of

the electro-magnets. They represent there-
fore, equivalent devices for aczomplishing the
same result.

In the views other than Figs. 9 and 10,I” i
P is an electro-magnet, in which R represents
the electro-magnetic spool or bobbin, com-
posed of a soft iron core wound with copper
wire, and P P represent the two pole-pieces,
one of which is charged with magnetism of a
positive polarity while the other is charged
with magnetisin of a negative polarity.

E is the operating screen or drum of the
separator, rotating on the shaft K.

In the construction of the electro-magnet
shown in Figs. 1 and 2, the pole-pieces I> I
are composed partly of thin iron segmental
plates @ « in sufficient number that their
edges form the faces of the pole-pieces. These
plates are allof the same shape and size and
are held together and supported by means ot
the bronze bolts b 0.

By use of washers of different thickness,
and preferably of non-magnetic material,
placed over the bolts and between the plates,
it is possible to obtain any desired variation
in the spaces between the latter.

To obtain a uniform distribution of the
lines of force in those portions of the mag-
netic field opnosite the two polar faces, the
plates ¢ ¢ are placed spaced at distances in-
creasingly fartherapartin the directionof the
inner edges of the polar faces, so that at those
parts of the polar surfaces where the lines of
force are most thinly distributed, the plates
will be set most closely together, and where
the lines of force are more dense, they will
be set at greater distances apart.

Owing to the fact that magnetism tends to
accumulate along the edges of polar surfaces,
the lines of force while most dense at the in-
ner edges of the polar faces, will neverthe-
less show a slicht accamulation at the outer
edges aswell. To secure a uniform distribu-
tion of the magnetic density across the polar
faces it becomestherefore necessary to place
the plates most closely together at a short
distance from the outer edges of the polar
faces, increasing the distance between the
plates rapidly in the direction of the inner
edges as shownin Fig. 11. Ilerefor the pur-
pose of illustration a pole-piece of the form
shown in Figs. 1 and 2 and also one of the
form shown in Figs. 5 and 6 are placed upon
the same electromagnet. The exact distances
apart at which the plates must be set in order
to accomplish a uniform distribution of the
linesof force at their outer faces, will vary with
the diffecrence in the distribution of the mag-
netiec densityin the spaces between theinner
and outer edges of the polar faces, and must;
be determined experimentally.

The effect of the above deseribed distribu-
tion of the movable plates whose edges form
the faces of the pole pieces, is to introduce
air spaces at the polar faces which run length-
wise of said polar faces, and occupy positions

S0

Qo

05

IIO

115

120

rasg

130




10

20

30

35

40

go

500,606

numerically across the widths of the polar | moved to the right, while by the inclination

faces in a direct proportion to the normal dis-
tribution of magnetic density across polar
faces whieh lie in the samesurface. In other
words, the air spaces are more frequent in

the direction of the inner edges of the polar
- faces.

Fromthe above italso follows thatthe
movable plates occupy positions numerically
across the widths of the polar faces in an in-
verse proportion to the normal distribution of
magnetic density across polar faces lying in
the same surface, thatis,they areless frequent

in the direction of the inner edges of the polar

faces. |

In the construction shown in FFigs. 3 and 4
a series of movable plates ¢ ¢ is employed,
placed in longitudinal slots across the faces
of the pole-pieces P P. One end of every
plate is supported at the outer edge of its re-

spective pole piece in the manner indicated |

in Fig. 4, where thin rods are recessed into
the faces of the pole-pieces at the points d d
to hold the plates. DBy slightly rotating the
plates ¢ ¢ inwardly about the pointsd d,they
can be given a varying angular ineclination
with reference to the faces of the pole-pieces.
A series of wedge shaped air-gaps may in this
way be introduced along the faces of the pole-
pieces, and these air-gaps can be varied in
size by the motion of the plates ¢ ¢. In this
way an increasing amount of metal is re-
moved from the pole-pieces in the directions
of their inner edges, where the magnetic den-
sity would otherwise be greatest, and by va-
rying the position of the plates ¢ ¢, the mag-
netic density alongan operating sereen placed
in front of the polar faces can be adjusted
and made uniform across the magnetic field
In directions coinciding with the planes of
the air-paths joining the pole.

In the construection shown in Figs. 5 and G,
although the pole-pieces P P are here like-
wise partly composed of movableiron plates,

they are so shaped and arranged that the-

lines of force encounter increasing magnetic
reluctances in the direction of the greater
normal distribution of magnetic density that
1s to say in the direction in which the mag-
netic density would increase if the greater
magnetic reluctances were notinterposed, and

for any given longitudinal plane, coincident
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60

with the lines of force this direction in either
pole-piece would extend in a line across its
polar face, toward the face of the adjacent
pole-piece.

The inner sides of the pole-pieces P P are
shaped to conform to the surfaces of cones
and to these sides a series of plates 2 2 of de-
creasing size are fitted, whose surfaces also
form segments of cones. These plates are
held in place by the bronze bolts & % and
along which they can be moved in adjusting
the spaces between them. It will be obvious

- that lines of force passing from m to nin the

direction of the arrow encounter an inecreas-
ing number of air spaces and hence an in-
creasing magnetic reluctance, as the arrow is

|

of the plates they are afforded unbroken iron
paths, and hence less reluctanee in directions
which lead toward the outer edges of the pole
pieces. Dy adjusting the position of the
plates in the manneralready explained in con-
nection with Ifigs.1 and 2 the magnetic dens-
1ty may be made uniform, across the faces of
the pole pieces.

I'rom the construection described above it
will be evident that in securing a uniform
magnetic density across the polar faces, the
usual distribution of magnetic density across
polar faces of the same size and lying in the
same plane, is prevented or counteracted,
whereas in the construction shown in Figs. 1
and 2 a redistribution of the magnetic density
is obtained by means of the plates a « to se-
cure the desired result. |

In the construction shown in Figs. 7 and $
the pole-pieces P P are again partly composed
of movable iron platesoo. These are placed
vertically and are held togetherand supported
by means of the bronzebolts ¢ ¢ and brackets
Ir . The magnetic density is made uniform
across the faces of the pole-pieces of this eleec-
tro-magnet by adjustment of the plateso o in
the manner already explained. In this case
however the desired uniform distribution of
magnetic density is effected partly by the
method shown in Figs. 1 and 2 and partly by
that shown in Figs. 5 and 6. Ilere along the
surfaces ¢ S v S of the pole-pieces P P a redis-
tribution of the magnetic density is effected
through the spacing of the plates o o along
sald surfaces, while beyond the points v v an
increasing magnetic reluctance is introduced
by the successive air spaces, between the
plates, which the lines of force have to travel
in their paths toward the inner edges of the
polar faces. |

In the construction shown in Figs. 9 and
10 instead of employing a single core in tho
electro-magnet the core is subdivided, so that
the parts » » r form circular segments around
which copper wire is wound asshown. These
are then placed directly upon the two pole-
plates I’ P to which the several cores are at-
tached. The back piece M completesthe con-
struction of the electro-magnet. By the use
of cores increasing in size and winding in
the direction of the outer edges of the pole-
plates P P it is possible to secure a uni-
form distribution of magnetic density across
the polar faces with the same strength of
magnetizing current for all the cores, and
without the use of distributing or adjusting
plates at the polar faces. The same result
may also be accomplished by using several
cores and copper winding of the same size
and amount, but varying the magnetizing
force of the different cores, by increasing in
the necessary proportion the strength of the
energizing current of those cores which are
nearer the outer edges of the pole-plates . P.
Again the same result may be effected by
adopting either of the two preceding methods
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“drum sereens in connection with pole-pieces

as a partial means of equalizing the magnetic
density across the polar faces, combined with
the use of the plates ¢ e as a means of com-
pleting the desired magnetic equalization.
This is the precise arrangement shown in
Figs. 9 and 10. An increasing magnetizing |
force is consequently exerted in the direction
of the outer edges of the polar faces by the
use of cores of increasing size and increased l
winding in that direction, and at the same
time thin distributing plates e ¢, similar to ;
those shown in Figs. 1 and 2 are used as a j
further means of precise adjustment. These
plates e ¢ are held together by the bolts ff
and attached to the pole-plates by the bronze |
connecting bars ¢ ¢g. The distributing plates
may, if desired, also be extended somewhat |
beyond the inner edges of the pole pieces as
shown.

It will be obvious from the foregoing de- |
seription that the desired result may be at-
tained in one of three ways; viz: first, by
subdividing the pole pieces of an electro-mag-
net in such a way as either to redistribute or j
to counteract the usual distribution of the
magnetic density such as occurs along adja-
cent polar faces of equal size lying in the |
same plane; second, by subdividing the core |
of an electro magnet so as to vary and adjust
the magnetizing force in different portions of
the pole-pieces; and third, by combinations
of the two preceding methods.

It will also be obvious that the desired re- |
sult is obtained in any of the constructions
desceribed above, by maintaining in all parts
of the magnetic circuit a constant ratio be-
tween the magneto motive force and the sum
of the external and internal magnetic reluc- |
tances of the circuit.

Any one of the devices explained above
may be applied to a working apparatus for
the purpose of treating a crushed iron ore, as
described in certain previously filed applica- |
tions for Letters Patent for magnetic ore sep-
arators, Serial Nos. 429,673 and 434,079 and
the method of operation of the same will be
in all respects similar.

Although TFigs. 1 to 10 show cylindrical |

whose faces lie in the same surface, and form
segmentsof eylinders, the present invention is
not limited to a particular form of screen or po-
sition of the polar faces, while it 1s desirable in
those cases where centrifugalforceisemployed
to aid the separation, to use an operating
sereen of eylindrical form, in order to secure
thereby a more uniform separating action.
In other cases, as for example, where water is
used to aid the separation, a belt, apron or
chute, may be preferably employedin connec-
tion with an electromagnet the shape of
whose polepieces, and the position of the po-
lar faces, will then depend upon the form of
the screen which is adopted.

While a number of different arrangements
or constructions of the electro-magnet are
illustrated and described in the presentspeci-

500,606

fication whereby the desired equalization or
uniform distribution of magnetic density is
secured across the polar faces, it will be evi-
dent that still other arrangements or con-
structions of the electro-magnet are possible
which will accomplish the same result, and
do not therefore limit my present invention

to the precise constructions shown in the ac-

companying illustrations. Nor is the inven-
tion necessarily limited to the use of a mag-
netic separator, for it may be used In any
other form of electro-magnetic machine in
which a nniform distribution of the magnetic
density across the polar faces of the pole-
pieces of the magnet is desirable.

I claim as my invention—

1. An electro-magnet provided with pole-
pieces, the component parts of which electro-
magnet are so subdivided and energized, that
a uniform distribution of magnetic density 18
secured across the widths of the polar faces.

2. An electro-magnet provided with pole-
pieces, across whose faces the lines of force
pursue air-pathsof unequal length, having 1ts
component parts so subdivided and ener-
oized, that theeffect of said inequality is com-
pensated and a uniform distribution of the
magnetic density is secured across the widths
of the polar faces.

3. An electro-magnet, provided with pole-
pieces composed partly of movable and ad-
justable plates, substantially as deseribed,
for adjusting and equalizing the magnetic
density across ithe polar faces in directions
coincident with the planes of the air-paths of

t the lines of force between the polar faces.

4. In a magneticseparator, the combination,
substantially as hereinbefore set forth, of an
electro- magnet provided with pole-pieces
whose faces lie in the same surface, the com-
ponent parts of which electro-magnet are so
subdivided and energized that the magnetic
density at the polar faces is adjusted and
equalized across their widths, and an operat-
ing sereen passing through the magnetic field
in front of the faces of the pole-pieces.

5. Inamagneticseparator, the combination,
stuibstantially as hereinbefore set forth, of an
electro-magnet provided with suitable pole-
pieces, a series of movable and adjustable
plates forming part of said pole-pieces, for ad-
justing and equalizing the magnetic density
across the polar faces, and an operating sereen
passing through the magnetic field in front
of the pole-pieces.

6. In amagneticseparator,the combination
substantiallv as hereinbefore set forth, of a
rotary iron screen,and an electro-magnet, pro-
vided with pole-pieces whose faces lie in the
same surface, the component parts of which
electro-magnet are so subdivided and ener-
oized that the magnetic density 1s equalized
in directions coincident with the planes of
the air-paths of thelines of force between the
pole-pieces.

7. An electro-magnet for use 1n magnetie
separafors, provided with pole-pieces, whose
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~_faces lie in the same surface, the component

parts of which electro-magnet are so subdi-
vided and energized that a constant ratio of
the magneto-motive force to the sum of the
internal and external magneticresistances of
the magnetic circuit, is maintained. |

3. An electro-magnet, for use in a magnetic
separator, provided with pole-pieces, whose
faces liein the same surface and are partially
subdivided by air spaces.

9. An electro-magnet, for usein a magnetic
separator, provided with pole-pieces. whose
faces lie substantially in the same surface,
and which are partially snbdivided by air
spaces, extending in planes throughout the
lengths of said polar faces and occupying po-
sitions across the same numerically in direct
proportion to the normal distribution of the
magnetic density across the same.

10. Anelectro-magnet for use in a magnetic
separator, provided with pole-pieces, whose
faces lie in substantially the same surfaces,
and which are partially subdivided by air
spaces extending across the polar faces, the
depth of said air spaces being varied in di-
rect proportion to the normal distribution of
the magnetic density across the polar faces.

11. Anelectro-magnet for use in a magnetie

separator, provided with pole-pieces, whose

faces are approximately in the same surface,
and which are composed of movable plates

- oceupying positions numericallyin aninverse

35

proportion to the normal distribution of the
magnetic density across the polar faces.

12. In a magnetie separator, the combina-
tion substantially as described, of an electro-

!

magnef, provided with pole-pieces, the com-
ponent parts of which electro-magnet are so
subdivided and energized that a eonstant ra-
tiois maintained of the magneto-motive force
to the sum of the internal and external re-
sistances of the magnetie circuit, for all parts
of the circuit, and an operating screen pass-
ing through the magnetic field in front of the
nole-pieces of the magnet.

13. The method, substantially as hereinbe-
fore deseribed, of adjusting and equalizing
the magnetic density across the polar faces ot
the pole-pieces of an electro-magnet in direc-
tions coincident with the planes of the air-
paths of the lines of forece by varying the re-
sistance in the path of the lines of force within
the electro-magnet.

14. The method substantially as desecribed,
of adjusting and equalizing the magnetic den-
sity across the polar faces of the pole-pleces,
of an electro-magnet in directions coincident
with the planes of the air-paths of the lines
of force joining the polar faces, by making
the ratio of the sum of the internal and ex-
ternal magnetic resistances of the magnetic
circuit to the magneto-motive force, a con-
stant for all parts of said circuit.

In testimony that I claim the foregoing as
my invention I have signed my name,in pres-

ence of two witnesses, this 24th day of May,
1892,

CLARENCE Q. PAYNE.

Witnesses:
WILLARD PARKER DUTLER,
C. . LUDINGTON, Jr.
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