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“the cylinder, while the less permeable mate-
rial will fall down, so that a separation of

UNITED STAT

S PATE

NT OFFICE.

FREDERICK T. SNYDER, OF CHICAGO, ILLINOIS, ASSIGNOR TO INTERNATIONAL SEPA-
. RATOR COMPANY, OF CHICAGO, ILLINOIS, A CORPORATION OF NEW JERSEY.

ORE-SEPARATOR.

p—

944,699,

Specification of Letters Patent. Patented Deec. 28, 1909,

Application filed April .4,'1904. Serial No. 201,381,

To all whom it may concern:
Be it known that I, Frepericx T. DX YDER,
citizen of the United States, residing at

Chicago, in the county of Cook and State !
of Illinois, have invented a certain new and :
nseful Improvement in Ore-Separators, (for

which I have made applications for patents
in fcreign countries as follows: in New

South Wales November 27, 1903, mn Great

Britain December 24, 1903, and in Swe-
den January 2, 1904,) of which the follow-

ing is a full, clear, concise, and exact de-

seription. o |

My invention relates to a magnetic ore
separator, -and its object 1s to produce a
machine which will be especially effective
for the separation of ores of very low per-
meability, and which may be run without
undue waste of energy. s -

Generally speaking, my invention con-
templates a structure in which an iron arma-
ture cylinder provided with teeth or other

permeable projections upon its periphery,

is arranged to rotate between two magnet

poles of opposite polarity which are external

to the cylinder, and facing the same, the ma-
terial to be separated being fed into contact

with the cylinder and carried around in the.

rotation thereof, so as to pass between the

cylinder and one of said poles. "fhe more

permeable material will be attracted along
converging lines of force to the surface of

the two classes of material is effected, the
separated materials being further directed

~ in different paths by a suitable divider or
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partition. The two magnet poles of oppo-
site polarity, being external to the cylinder,

tend to establish a neutral point upon the

surface of the cylinder, where the polarity
of the flux is reversed. At this

leased, no matter how dense the flux may
be at the place of separation. Preferably

the two magnet poles are applied on dia-

metrically opposite sides of the cylinder,
which gives rise to the advantage that the
magnetic traction of each pole upon. the cyl-
inder is opposed by the traction of the other
pole, to reduce the friction upon the bear-
ings. The armature cylinder is preferably
built up of iron disks or laminse having

teeth or serrations upon their edges, and tne

best results are dbtained if the lamine arc

his point the
most strongly attracted material will be re-

| assembled in such a way as to present the

teeth in staggered or off-set relations, so

that the falling material cannot escape the

magnetic fluxes diverging from the points
and edges of the teeth. The magnet poles
are preferably constructed to embrace un-
equal areas of the armature, and the mate-
rial to be separated is fed between the cylin-
der and the pole piece of restricted area.

The face of this pole piece, below the axis of g

the cylinder, is preferably formed to lie
bevond a vertical plane tangent to the cyli-
inder, to permit a free fall oi the unat-
tracted material and a concentration of the

magnetic lines of force where the surfaces

60

of the cylinder and pole piece most closely -

approach. | :

Other features of my invention consist 1
a novel form of divider, an improved form
of magnet frame which will, be strong and

| rigid, but which will permit easy removal

of the armature, and an improved construc-
tion of the magnet framework and mount-
ing whereby several individual machines
may be readily assembled in a ecompact train,
so that the ore may be passed directly from
one machine to the next and so on through

the series without stopping and without the

requirement of separate conveying mech-
ANISM.. - S
Further details of my inventicn will here-
after be described by reference to the accom-
panying drawings, and pointed out in the
claims. - | - ' -
Figure 1 is a view in elevatiofr of an ore

90

separating mill or train comprising three

individual separating machines stacked up
according to my plan to take the material
through them in series; Fig. 2 is a sectional
elevation of the top machine, showing also
a portion of the machine next below; Fig. 3
is'a sectional plan view; Fig. 4 is a vertical
sectional view on line 4—4 of Fig. 2; and
Fig. 5 is a detail view of a portion of the
surface of the armature, showing how 1t
1s built up. - |
~ The same letters of reference are used to
designate the same parts wherever shown. .
Each machine consists in its elements of a
hollow box-form magnet frame, open at the
top and bottom, and having pole pieces a @’
projecting inwardly from the sides of said
frame, between which pole pieces the cylin-
drical armature b is mounted to rotate on 1ts
axis, said armature being journaled in bear-
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ings ¢ ¢ in the sides of the magnet frame. | feeth, and are not liable to miss the teeth and

Said frame is made in two parts bolted to-
gether at the bearings as shown. .

The pole pieces a ¢’ are preferably both
provided with magnet windings or  helices

a® a* and are magnetized thereby to opposite

polarities. The magnet windings may. be
energized by any suitable source of current.

The material to be separated 1s fed upon
the upper surface of the rotating armature,
and is carried around past the pole piece a’,
the face whereof 1s preferably of restricted
area. In passing:the pole piece, the more

permeable particles of ore are attracted to

the armature by virtue of a construction
thereof which I shall presently describe, and
are carried to one side of the divider d, and

so separated from the less permeable parti-

cles which fall directly down. -
A considerable advantage is obtained by

~providing magnet ‘windings on both pole
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~ disks or laminations ¢ e. 'The edges of said
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pleces, instead of upon only one, because

there is less tendency for the magnetic lines

of force set up by one pole to avoid the

armature and leak back through the air.
The armature is located between the two

pole pieces, which face each other on di-

ametrically opposite sides of said armature,
so that the magnetic traction of one pole
upon the armature is opposed or counter- |
acted by the traction.of the other pole.

The
iriction on.the bearings will therefore be
comparatively slight, and only a small
amount of energy will be required to rotate
the armature. ' | - '

The armature or rotating cylinder'is built :

up of a number of flat punched sheet iron

disks are serrated info teeth as shown at f 7.

The disks are preferably assembled side by

side upon a shaft in such relative positions.

as to present the teeth in staggered relations
upon the surface of the cylinder, as shown

most clearly in Fig. 5. A series of per-

meable projections or points of magnetic con-

centration 1s thus provided upon the surface

- of the eylinder, which will have the effect of
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attracting permeable particles of ore to the

cylinder, instead of to the magnet pole piece.

In any magnetic separator the attraction

~of the particle is in the direction of the con-

vergence of the lines of force and is propor-
tionate both to the degree of convergence
and to the number of lines of force thread-
ing through the particle. Lines of force
leaving the face of the pole piece ¢” in fairly

“uniform distribution are severally converged

upon the teeth or points of concentration
upon the surface of the armature, and this
convergence of the lines of force to different
points is materially assisted by the lami-
nated construction of the armature. When

- the surface of the armature is formed as

65

above described, the falling particles of ore
are sure to strike or roll onto the points of

glide through between them.

It 1s not necessary that the teeth should
have any particular shape, but it 1s desir-
able that the points of the teeth should be
sharp, and that they should project radially
from the armature. If the teath were

would be a convergence of the lines of force
lo the edges or corners of the tecth on each

7C

‘square at the points, for example. there

79

side, and there would also be a flux of sub-

stantially uniform density from the central
portion of the tooth, which last mentioned
flux would be of less service in attracting
permeable particles. of ore. If the-teeth of
the armature be formed by serrations or V-

shaped notches in the edges of the disks,
such as shown 1 Fig. 5, the ideal condition

1s obtained. |

In the claims I use the expression * per-
meable projections” as a generic term, re-
ferring mnot only to the particular teeth

| shown, but also to any construction where-

by the magnetic lines of force are converged
or concentrated upon or diverged from mag-
netically-projecting points; lines or narrow

t areas at the periphery of the cylinder,

whether the physical surface of the cylinder
1s roughened or not. -

The laminated construction of the arma-
ture 1s of great importance in producing the

- desired convergence of the lines of force, not

only by reason of the facility with which 1t
lends itself-to the production of the foothed
formation already spoken of, but also be-
causeé the lines of force naturally tend to
converge upon the individual disks. Such
a construction, furthermore, permits the

armature to be turned 1n:the intense mag-

netic field with a comparatively slight ex-

with a solid armature. | o

The location of the rotating armature be-
tween diametrically opposite pole pieces
serves not only to balance the magnetic trac-

tion and so to reduce the friction upon the.
“armature, but also insures the establishment

of a neutral point at some place on the arma-
ture between the two pole pieces. This neu-
tral point-is highly desirable, since at this
point even the most permeable particles of
ore which have stuck to the c¢ylinder 1n its
rotation must be totally released and disen-

gaged from the armature before it carried
“them clear around.

The face of the pole pieéé a’ 1s prefer-

ably of restricted area, as shown, to produce
a more 1ntense concentration of the‘lines of

force, but the other pole ¢ i1s preferably
formed with a curved face to closely em-
brace the armature. This gives rise to a
slight inequality of the pull upon the arma-

ture, but 1s nevertheless desirable, because it
greatly reduces the reluctance of the mag-
| netic circuit, and so reduces the ampere 13¢
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penditure of energy, which is not possible
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turns and the size of the magnetic frame
required to establish a magnetic field of the

r eqmred strength.

T will now describe my 1mnproved form ot

feeding mechanism bv whichh the ore 1s
directed into contact with the surface of the
armature. The hopper ¢ may be of the
usual form. with a discharge spout g°. A gate
fi 18 huno' to swing to and fro undemea.th

the dischar oe spout of the hopper, and is bal-

anced so that it tends to swing to a closed po-
sition, and to return to this pomtmn after hm*
ng been thrown open.  An adjustable screw
ctop /15 arranged to hmlt the c]osme ot the

agate, whereby the gate may be-initially ad-
]uste(i to a given feeding position. ‘This

construction 1% very desirable in case the

feeding opening should be clogged, in which
case the cate may be opened for the moment
to allow the material which is caught to pass

on through, after which the crate will auto-

matically return to its proper feeding posi-
tion without experumnental fidjuqtmen‘t {
further plefenblv provide an adjustable
stop nut 4’ for the screw £, said nut being
adapted to Iimit the advance of the screw

to determine the feeding position of the

gate.  This structure 1s ~nseful where the
machine is temporarily shut down, since on
starting up again, the gate may be returned
to the. previous feedmg position without ex-
perimental adjustment, 1t being necessary
merely to screw up the stop 4 antil its ad-
rance is checked by the stop nut 2”.

The divider below the armature is COTL-
structed of angularly disposed plates m m’,
which are adapted to retain a portion of the
falling material in the corner thereot to pro-
vide a self- renewing inclined deflecting sur-
face. The divider may be formed of a sin-
ole sheet of metal bent at a right angle to
form the vertical and horizonal portmns
m m’. It may be mounted upon a hollow
shaft fm-z which 1s pivoted at m® -m?® in the
sides of the magnet frame, and may be ad-

Justed by a worm screw m?* hm*lng an oper-.
ating hand wheel m®.

Each machine is provided Wlth a collect-
ing box ¢ having a partition o” therein un-
d@l the divider, forming- two compartments
»" p2, into one of which, »’, the more perme-

- able maternl will be deﬂected while the less

6‘0'

‘the other compartment p

Fig.

permeable material falls dlrectly down into
The discharge
spouts or openmo*q p® p* of the compart-
ments p’ p? respectively are preferably so
located that the material will pile up be-
tween the floor and the side of the collectmg
box, to form a self-renewing inchned sur-
face for the falling material, as shown in
2. By this constructmn
parts of the collecting box are less liable to
be -quickly worn out by the attrition of the
fallmcr material.

Each machine 1s provided with lugs  /

the metal |

I———
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upon the frame thereof, which are adapted

to rest upon suppmtmn rails » 7. - The two
halves of the machine, being separable at

the journals, may readily be slid apart upon

the supporting rails » #, and permit the in-
c;erhon or removal of the armature.

~ As shown in Fig. 1, T preferably provide
a number of individual separating ‘machines
arranged 1n a train or mill, one above the
other, so that the ore may be passed directly
from one machine to the next, and so on

through the series without requiring sepa-

raté conveying mechamism. The frame-
work s 1s provided with a series of cross
rails 7 » at different heights, eacl pair of
cross ralls being adapted fo C;upp()lt an indi-
vidual separating machine, such as I have
described. The several m‘whmes, being
slidably supported upon said cross rails,
may not only be readily taken apart, but

may be easily adjusted to bring the receiv-

ing hopper or feeder of a lower machme un-
der either one of the dischar ge spouts of the
machine above 1t, as may be desired.
arrangement of T 1g. 1, each of the lower

'machmes 1S allano‘ed to receive the less per-

meable material discharged from the ma-
chine above it, the more permeable material
separated by each machine being discharged
into corresponding receiving troughs or
spouts ¢ £. It will be obseu*ed however,
that by sliding the machines on their cross
rails, this arr ancrement can be varled so that
a lower machine will take the more perme-
able material which has been separated from
thé rest by the machine above, if such an
arrangement should be desirable. The
three machines may, 1f desired, be arranged
to be driven by a single belt, 2s shown.

I am aware that prior to my invention,

in the
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Clarence Q. Payne had invented, construct-

ed and used a magnetic ore separator com-
prising a hollow separating cylinder and op-

- posing magnet poles located one outside and
‘one 1nside of said cylinder, and that -in such

machine the hollow cylinder was trans-
versely laminated, being built up of sheet
iron plates havmg teeth on their outer edges
which constituted the surface of the cyhn—
der, the plates being assembled in such rela-
tions that the teeth were out of alinement
or staggered. I therefore disclaim the
broad invention of such a laminated toothed
separating cylinder, and limit myself to the
combinations set forth in the appended
claims.

- Where the term dlSkS is used in the claims,

it should be understood to include ‘any flat
plates of general circular outline, no matter
how large the hole through the center may
be. In other words, I understand that the

term would include flat rings, which, when

assembled, would make a hollow cylmder

T claim : -
1. In an ore separator the combmatlon
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with a rofqting cylinder adaiated to carry |

the material to be separated, and means for

- magnetizing said -cylinder, of a divider
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mounted below said cylmder having a sub-

stantially vertical plate in a plane near the

edge of said cylinder and a substantially
horizontal ledge extending underneath the
cylinder from The lower portmn of said ver-
tical plate, whereby a portion of the falling
material 1s retained in the corner between
said plate and ledge to provide a self-re-
11ew1110 mclined deﬂectmg suriace.

. The combination with an ore separator
havmg a rotating cylindrical carrier, of a
divider mounted below sald carrier compris-

ing a shaft and a sheet metal plate bent at a

1‘1011t ‘uw*le to form vertical and horizontal
portmns “said plate being mounted upon said
shaft, and means for 1"otatmo sald shaft to

a,d]ust the vertical portion of sald plate with
‘relation to said carrier. ,

3. The combination with the horizontal
supporting rails, of a magnetic separator

frame constructed in hollow box-form, open
at the top and bottom, and having 111\?&1‘(1137-
projecting pole-pieces and a cylmdmcal
armature mounted- honzontally to rotate
upon its axis in bearings in the sides of said
frame, sald frame being separable, the two
members of said frame. being supported
upon said rails and adapted to slide apart

horizontally thereon to permit the insertion
or removal of the armature.

+. An ore-separating mill, comprising a.

944,600

frame-work havmo a series of cross rails
“adapted to support a, corresponding series of
mdividual separating machines,
_chine comprising a hollow box-form magmnet

each ma-

frame having inwardly projecting pole-

pieces and an armature journaled horizon-

tally in bearings in the sides of the maguet
frame, each machme having a recewmg
feeder at the top and separate discharge
spouts at the bottom for the materials which

have passed through, the several machines

being slidably suppmted on sald cross-rails
to penmt adjustment thereof to bring the
receiving hopper .of a.lower machine ander
one of the cischarge spouts of a machine
above 1t, and means for collectmg the sepa-

rated mater 1a]s.

5. In a magnetic separator the combma-
tion with a magnet of a stationary pole on
sald magnet, said ole having a vertical face,
) cyhndrlcal armatm‘e rotwtably mounted
before said pole, a divider between said pole
and sald armature, the edge of said divider
lying Subbtantmlly in the. vertical - plane
tangent to the periphery of said armature,
and means for feeding material to be sepa-
rated into the space between said stationary

pole and said armature.

In witness whereof, I hereunto subscribe
my name thig 1st day of April A. D., 1904.
I‘REDERICK T. SNYDER
Witnesses:
De Wit C TANNER,
W. W. Leacu.
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