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Apphca‘tmn ﬁled Ju;y 21, 1938,

Fo all whem it may concern:

Be it known that T, Josern Wiaswzsey, a
citizen of the United States, residing at
New {umberiand, in ths mumy of u.mbe]—
land and State of Pen nnsylvania, have in-
vented cerfain new and nseful 3’mprme-
ments in Methods and . Igaratus for Sepa-
Carticles; and I do hereby de-

1"1!.1!;" ()f“ T
chv‘e mf‘ m];owm'f to be & full, clear, and

exact description of the same, l'LfPI(‘n( be-
ing J,m.,cx to the accompanying drawings,

forming part of ﬂns specification.
My n‘;.\'ent! on rela to an 1improved

FLSY L5
methed of p‘lmumv ore partlclos from

thetr 'gn,nﬂ‘ae. and one ore from another, de:
pending on their Susceptllnhty io alternat-

magnetic flux and their per-
yermeable qualities,

~~fuwmn of ore particles from their
o one particular ore from an-

tnw use of mutu phase .uteumiu‘;;

in the type of magnetic separator

shown i:’ cir;:\ ngs di’mcuul and dese ribed
in ths i( Howihg syr\mhr*a*mn

I 1 ound that by passing an alternat-

ouhtm electro-motive force is
(,h minerals and metals ve-

le")endent on -
Wﬂ«l‘b L owill term responsive
! also a power factor of the
wtoab certain frequencies,
a4 piece of ivon 1s attracted
- civrent magnetie pole and
; o frequency, w hx 8 a
repelied away from the
counter-eloctromotive i’m:ee
withi nd in accordance with
e law - that “Electromagnetically in-
duced currenis ‘LIW‘IVS have such a direction
that the actinn of the magnetic fields set up
by them tuids te stop the motion which
.)m«hlcr‘r; them.” A further form of lenz’s
Law s that “Ar »‘Jnduﬂed current is always
i sueh a directic
change in th
why LOPP{ r
ave repelled

-y‘

bis explaining

ng feld” (
tfeld, while

invention more ‘)Hl'tl( niar] Yy e {ates,

flux through most minerals

magnetic permeabiligy,
chmic re-

that ils field oppuses any‘

Je metals

Serial Wo. 576,622,

iron due to its maom,tlc permb ability is at-
fracted. .
I have further found that all maonouc

- peérmeable substances such as would be at-

tracted by a hand magnet, respond to an al-
terna hng current. mag nct with & varying

’deglu of speed dcpendmt on their reluc.

ance and the frequency used, i. e., if three
or more magnetic substances be mixed to-
gether, such as ore particles from different
localities, iron filings, ete., all will jump and
strongly adhere to a hand magnet and they
all appear to be equally fxttrwted but if
these same particles are subjected to an al-
ternating magnetic field, they will not all
respond “alilke to the aonetlc attraction for

while one ay respond qmcklv to a certain’

alternating Lequency another would be
sluggish and ‘still others would only vibrate
in the feld. ‘

By changing the alternating maﬁnetlo
frequency to a slower vate however these
sluggisiv o reluctant pavticles will 1 espond.
;ulck?}, te the attraction. .This may

sibly be due to other causes, but I will hereln'

call it the responsive frequency of tlie ore
particle, or the frequendy to which the ore
particle will best respond. Particles of a
high magnetic permeability respond to an
dlquD&UHW fieid mmch more feebly than
those of low permeability, and this must
be borne in mind, to avoid confusion be-
tween magnetic permemblc ores and. non-
magnetic metallic substances in ihe follow-
ing c.pemﬁmhoh.

Some magnetic ore parhdeq w111 respoz*d
freely to 25 cycles and feebly to 60 cyclés
alternating current field, while a piece of
copper or Lhmnnum or other non-magnetic
metal which is of minus permeability will
be repelled violently, seemingly dependent
upon their ohmic resistance or capacity and
not upon their magnetic-qualities.

A magnetic ore p'u‘tlcle having:an alter-

nating “eurrent i magnetic flux - passing
thr«)uO‘h it will re%pond with a counterflux
elther in phase with the curvent that ener-
gizes it, owingging behind the current at

AT ?ng,le determined by the power factor of

that ore particle. The ore particle will be
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fluenced by several alternating

i

quick or sluggish dependent upon the fre-
g ncy that energizes it and if its respon-
sive frequency is lower than the frequency
ihat energizes it then it will lag to the alter-
nating magnetic attraction.

T an ore particle’s responsive frequency
is faster than that of another ore particle it
can be separated from such other ore par-
ticle by the fact of it responding to mag-
netic attraction away from the reluctant
particle. If one ore particle has magnetic
permeability and another ome has minns
magnetic permeability but is metallic, then
the one-particle is attracted and the other
one is repelled, and both can be separated
from a gangue material which is neatral to
electrical or magnetic action. -

T have now described the actium
erals and metals influenced by ar
ing magnetic flus, and will now describe
them and their action when they are in-
currents
spaced upart, but acting as a whole, and
known to the art as multi-phase alternating
currents.

Reference will be made to the attached

drawings which describe the positions of
currents and magnetism at various in-
stances, together with mechanical devices to
take advantage of the phenomena for the
useful purpose of separating minerals one
from the obher as will hereinafter be clearly
described. ' ‘

Three phase alternating current is used to
describe this case as it is most convenient for
this purpose, but it is to be understood that
any multi-phase current answers equally
well when suitable electrical connections and
arrangements are provided.

Figure 1 is a sinc wave diagram of threc
phase alternating current. :

Fig. 2 is a diagram combining the three
phases to form one magnetizing current.

Fig. 3 shows the diamond shaped over-
lapping coils of the feld magnets. where
one side of the coil is in the top of one slot
of the field magnet, and the othor side of the
coil in the bottom of a further slot to form
north and south poles, and also showing the

electrical conmections suitable for three
phase alternating current. A
Fig. 4 shows a_sechion of an armature

with its single pole wound coils and elec-
{rical connections.- .

Fig. b is a cross section through the core
and coils of Fig. 3 with one side of each
coil in the bottom of one siot and the other
side in the top of a following slot, also
showing instantaneous values of the mag-

&

netic field. : :
Hig. 6 is a side elevation of the sepa ",
Fig. 7 is a central vertical elevation of e
alternating current magnetic feed hopper.
Fig. 8 is a fragmentary view of the feed
hopper looking &own at the magnets that

which illustrates a

1,684,781

energize the diaphragm that keeps the ore
in motion. ‘

Fig. 9 is a cross section thru the hopper
armature. '

A multi-phase current is a roteting or a
progressing current, that is, one current fol-
lows another spaced a definite distance
apart, as for instance as shown n Fig. 1
sine wave three phase
alterriating current where each of the three
alternating currents, a, b and ¢ differ in
phase by one third of & cycle or 120 elec-
trical degrees. By reversing the directiun
of the current. in the coils of one phase, »
for example, from the direction of that in
the other two phases these three currents
are combined to forin one magnetizing cur-
rent and a rotating magnstic Held such as
that shown in curve & of Fig. 2 will result.

10 is a field magnet built of thin sheels of
iron bolted together and arranged with toeth
and slots as shown, and A&, B and C are
properly connected coils placed on the testh
or in the siots as shown in Figs. 3 and 4,
the electrical conneciions to the coils being
so arranged that the fivst coil A is con-
nected to a phase lead, the second coil B
is connected to b phase lead and the third
coil C to ¢ phase lead forming a rotating or
progressing magnetic field. . Permeable ore
particles are stirvacied to the poles or fecth
and are caused to progress with the rotati:
field to & discharge by no other mechanics
mesns than the rapidly moving magnebic -
field, while minus permeable metallic par-
ticles are repelled from the advancing feld.

This can best be described by referring to
Tig. & which shows a cross section cub
through the core and coils of field magnet,
Fig. 8, with one side of each coil in bottom
of slots 11,12 and 18, and marked A, B,
and C, and their other sides in the top of
slots 14, 15 and 16, and marked A, B, and
{, respectively. By means of Fig 2 and
Fig. 5 taken together it is possible to build
up small pictures of the magnetic field from
ingtant to instant and show how it moves
in the core and air gap.

These small pictures, of which one s g
is shown in Fig. 5, can very well be
pared to the individual small pictures
moving picture filbm as they appear wh :
{ilm is at rest, and the rotating magnetic
field as it really exists could be compared to
the same film when in motion and threwn on
the screen. :

A current is mow assumed to be How-
ing in each coil, and the value of thad
current i taken from the curve marked
with the same letter in Fig. 2. Fe
: e, at the time represented by
veriicsl line 1 in Fig. 9 curva b is ab
its maximuam value, which is -}-1, because
it is above the horizontal reference line,
and curves - and ¢ ave each at a value of
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0.5 since they ave hal? their maximum
value and are also above the reference iine
X X. . Similarly, st the time. represented
by the vertical line 2 which g called
position 2 in Fig. 2 the values of ¢ and b are
~+0.866 cach and the ¢ curve is ab zero, . The
value 0.866 is obiained becuuse the current
ourves are all what are known ag sile curves

-and the reference points or positions 1, 2, 3,

etc. are taken 4 of o complete cyele apart.
A complete cycle ig 360 ol tricul degreey
similar fo the 360 degrees of g circle, and
hence the reference pesitions 1 2, 8, ete. ave
1z of 860 degrees or 80 degrees apart.

From a table of natural sines, it will be
founid that the sine of 30°=0.5, sine of
60°=0.866, sine of 90°=1, sine of 120°=—
0.866, sine of 150°=0.5, sine of 180°=0,
Continuing from 180° to 360° the same
values recar with o except that they have a
minus sign since they ‘are measured below
the horizontal reference line, It is these
values which are used in plotting the pic-
tures in Fig. 5 and the values for the dif-
ferent positions. :

Starting from any arbitrary point as at
Tig. 5, position 1, the line moves in direc-
tion and amount: according io the value of
the current in slot 11, Siot 11 contains the
coil and the value of the ctrrent iz 4-0.5
5 1s shown by the vertical line pesition one,
i Diagrain % and since the direction of the

s drawn upward from #

pius is wp, the line
to ¢.and ef is drawn aorizontally represent-

A

ing by its height above z the current in slot

11, and the magnetic Held at that point.
From £ the line goes up to ¢ making ¢ twice

as long as de because the B
and the value of the current in B coil is
1, or twice that in A, and the line gh is
drawn horizontally, representing by its
height above 2 the current in slot 11 plus
slot 12 and therefore the magnetic field at
that point. From / the Jige goes up to ¢ be-
canse the C coil is in slot 13 and the current
in the C coil as’ shown at that ‘instant is
+0.5. The line 7jis drawn horizontallysrep-
resenting its height above @ the combined
currents i slots 11 plus slot 19 plus slot 13
and therefore the magnetic field  at that

point,
From j the line drops down to & because
the A7 conductor is in slot 14 and the A’

conductor iy the other side of the A coil
and hence the current in it jg in the op-
posite dircction of that of the A side. If
the current in the A side was considerad
+0.5, the current in the A’ side must be
—0.5 and hence the curve drops down . for
& minus value from J to k. Similarly it
drops twice as fay from 7 to
equaly L1 and thevefore the other side of
B eoil or B must equal —1. JFollowing the
curve in this manmner to 4

one cycle of one north and south Ppole. The

i

m since - B.

and o, it completes

by the action
Mluz, and according to Lenz’s law.

coil is in slot 12 &

north pole is co.-
the horizontal r
line g, &, 4, 4,
north pole is indic
pointing up. The
by the vertical - ar;
an actual machine the 3
not have such shar
smoothed out into practically a &ine curve
siich as the current in Iig. 2, but for the
purpose of illustrating the rotating field the
square shouldered
as shown. ‘ S
Beven positions of the three
are shown in Fig. 5 and it will be noted that
the cente
south peles have traveled three
left which in thi
degrees,
" It will now be seen 1

rence line and under the

Lby the vertical arrow

nagnetic field would

it if 2 magnetic ¢

“permeable substance be introduces into the
i rotating magnetic field,

influence of this
the substance will be at
or poles and will then
with, and in the direction of the progress-

tracted to the testh

ing or rotating magnetic field at” a speed,.. ;.

et of the south pole
' pointing down.. In-

advance or progress.

idered as that part above-

d 7. "The center of the. ...

10

Docurves but would he’

s

curves are to be considered .

phase current

lor
&

r of the north and corresponding
slots to the.
8 case means 180 oleetrical Ny

(ﬁ(

dependent on the frequency of the electric ..

current energizing the magnetic field.

foa non-magnetic, bul a  metallic sub-.

stance, such as copper, silver,

aluminym,
zing, ete. be introduced into the

influence of

this alternating rotating magnetic field,

electric currents will be induced into them
of the alternating agnetic,

Since the magnet is a fixed bo:ly but the
eurrents within are moving the magnetic

acted upon are free to move, They are re-
pelled away from the teoth or poles and

it

eld, the non-magnetic metallic substances . .

105

move In an opposite direction to the rotat. -

iIng magnetic field at a speed dependent on
the frequency of the magnetic current,

Types of separators suitable to the separa:
tion of magnetic or hon-magnetic metallic
substances from a gangue material, or one
from another
ternatin

g currents: will inow be deseribed,

with & further deseription of the ores and
method of treatmuent ~In

such separators. ,

Reference will now Dbe. ha
On the inner sides
frame 20 are brackets
shaft 29 which ds Tree to turn on ‘the
brackets, Suspegded from thé sh
rigidly blocked sto it by U-bolts.

_connection’ - with

by the use of multi-phage al- "

L to Wig. 6.,
of the uprights of the .
21 on which vests a.

t129

aft but o
28 1y a .

frame work 24 . Within the fitune work,

and comprising part of it, is g
net 25 which ig composed of
iron punchings  or laminations, sectrely
compressed and “bolted together to form
units 26. The Janits,

permit ventilation and radiation of heat

_and are more clearly shown in Figs. 7. and

field mag-"
many sheet

are spaced apart to .

130
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“ture and the fleld magnet.

4

8. The units are all bolted together to
form a single field magnet. The field mag-
net 25.has many teeth that form poles 27
and slots 28 to accommodate the windings or
coils. For the sake of clearness the wind-
ings are not shown in Fig. 6, but are shown
in Figs. 8, 4 and 5.

~ Adjustably spaced below field magnet 23
and resting in the frame 20 on adjusting
bolts 29 is an armature 30. The armature
is a duplicate in construction of field magnet
95 with the exception :is to length, it being
shorter to permit the free discharge of ore
concentrates. Across the base 31 of arma-
ture 30 and securely bolted to it is an angle
bar 32. Holes are bored in angle 82 to ac-
commodate the adjusting bolt 33 to slip
through up to its head. "At its other end
34 Dbolt 33 is threaded and passes through
frame work 24 and is so arranged that by
turning adjusting nut 36 the armature will
slip forward or backward in the frame
parallel with field magnet 25 permitting
the proper adjustment with magnetic rela-
tion between the teeth or poles of the arma-
By turning ad-
justing bolts 29 the armature 30 may be
adjusted closer to or farther from field
magnet 25, thus changing the air gap be-
tween them. ‘

Adjustably hung below the field magnet
25 and supported from the frame 24 by
adjusting hanger bolts 37 is a board 40
composed of 4 non-magnetic and non-metal-
lic substance such as glass, wood or any
suitable insulating composition. This board
has two functions, one to keep the ore con-
centrate a proper distance from the pole
teeth in the air gap, and second to pro-
vide a surface on the under side of which
the ore concentrate follows the rotating
magnetic field to a point of concentrate dis-
charge.

Attached to the lower end of board 40
is a wedge shaped section 41 or the board
can be bent or shaped at its lower end to
conform. When the ore concentrate ar-
rives at this section in its progression with
the rotating magnetic field, it is forced to
move farther away from the pole teeth and
as the current at this section is weakened,
the ore will freely drop away from the field
to its discharge, being guided by the ad-
justable-platform 42.

Directly above armature 80 and adjust-

“ably hung from the frame 24 by adjustable

60

hanger bolts 37 is an ore feed distributing
board 45. The functions of this board ave
to receive the ore to be treated or separated
at its top, supporting the gangue material as

it slides by gravity to its bottom discharge

and supporting the ore at its proper distance
between the field and armature in the air
gap. This board’ can be independently

’ adjusted toward or further away from the

.. 1,884731

avmagure or field. The armature can also
¢ independently adjusted toward or further
away from the feed board by adjusting bolts
29, ~Fastened to the upper part of magnet
frame 24 is an adjusting bolt 46 having an
eye 47 at one end through which a bolt 48
passes that holds it to frame 24 in such a
way that it is free to turn, while the other
end is threaded, and has a nut 49 and
washer 50% This bolt passes through a hole
in the projection 51 on frame 20 and is ar-
ranged so that by screwing the nut in one
direction or the other the magnet frame 24
together with its enclosed members can be
tilted on an angle to permit the free flow
of ore by gravity down and over the feed
board 45. .

-Mounted within the frame 20 at its top
is an alternating current magnetic hopper
50 best shown. in Figs. 7, 8 and 9. The
hopper is so arranged that it will discharge
its granular ore feed to the top of feed
hoard 40. The hopper is actuated in such
a way to prevent fine ores or granular ma-
terials from packing or arching, and per-
mits an accurate and granular feed to. pass
under its gates even under severe conditions
such as moisture in the feeding materials
that tend to agglomerate and stick the feed
materials in lumps, balls, etc. The ore or
other feed material rests on the angular base
52 of the hopper box as shown. On each
side and projecting from the lower part of
the hopper are angle bars 53 which are re-
inforcement for the sides and support the
bottom and the following mechanism.’

‘In the bottom of the hopper is an iron
late 55 which acts as a lining and in turn
projects -over a vibrating spring, steel
diaphragm 56. This diaphragm rests on
and is fastened to corner blocks 57 in such
a way that it is free to vibrate, and the
blocks in turn -are rigidly fastened to the
inner legs of angles 53. Adjustable but
securely hung from angle bars 53 by
threaded stud bolts 58 is an alternating cur-
rent magnet 60 composed of laminated iron
punchings forming poles for the coils which
energizes it. The coils can have either
single phase or multi-phase alternating cur-
rent to energize them, but as it'is always
possible to use single phase from a multi-
phase circuit, single phase is preferred.
The alternating current magnet is directly
under the diaphragm and is adjustable to
or away from it by the nuts 59 on the stud
bolts 58.
switched on the windings or coils the
diaphragm is attracted to the magnet and

released from it by the action of the alter- ™

nating current changing from positive to,
negative and violently vibrates it according

5

80

90

95

10L

105

110

116

120

When the alternating current is -

125

to the frequency of the current that ener-. -

gizes the magnet.

g When, the magnet 60.
is. adjusted toward or away from  the..

130
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diaphragm 56 the vibrations are stronger

or weaker. :

The front of the hopper' 50 has a gate
62 which is composed of -some non-mag-
netic material such as brass. The gate is
raised or lowered to or {rom the di:ip%mgm
to permit the proper feed of material to
pass under it. It is also arranged to bisect
the diaphragm so that a part of the dia-
hragm is inside and part outside of the

‘hopper. On the part inside, the ore.or other

feed rests upon the diaphragm while the
outside section gnides the feed to the dis-
charge. The action is as follows: The hop-
per 50 is filled with the granular ore or
other material to be fed which rests partly
on the bottom plate 55 and the diaphragm
56. The gate 62 is raised to permit a suffi-
cient feed to pass under, between it and the
diaphragm 56 and side walls. The current

is switched on and the diaphragm violently .
‘vibrates.

This vibration not only passes
through the material resting ‘on the dia-
phragm but also to the surrounding mate-
i packing and arching,
and at the gate itself. The material no
matter how finely ground will be violently
agitated and will pass under the oate
whether in a thin granular ribbon or in a
thick stream. Afterfpassing'the gate the
discharge is still kept in granular shape and
in motion by the outward extending portion
of the diaphragm 56, ° : ‘

" The field magnet alone may be usedias a
separator, and may be placed above or be.
board, or L7 proper electri-
cal connections the armatuve and_field can

be considered as cne and arranged so thatr

certain poles in the field, Ffor instance, every
other one, will be field poles for like adja-
cent poles in the armature and the follow-
ing poles be
poles in the armature. - That is, the suscep-
tible ore particles following the rotating
field will first jump up to a feld magnet
teoth or pele and then down +o the next
armature tooth or pole, which is changed
to a fleld tooth or pole; and then up, and so
on to a discharge as would be the case in
Fig. 6 if single pole coils . were used ag

shown in section in Fig. 4, the first tooth"
in the field magnet having an A coil, the -

second tooth’in the armature having a B
coil, the third tooth in the field having a C
coil. the fourth tooth in the armature hav-
ing an A’ coil, ete., all the coils being prop-
erly cormected together in proper phase re-

lation while the coils on the teeth: between

can have their coils short circiited, thus
forming armature testh or poles for either
The object of the armature is
merely to intensify or concentrate the mag-
netic field to improve the power factor and
further to increase the distance in which ore
is susceptible to the field influence.

substances as they

armature poles to Iike field

8

The field magnet 25 has coils and is cop-
nected as shown in section Fig. 3, while

the armature 30 has single pole coils and is -

connected as shown in section Fig. 4. Tt
will be noted that the dismond shaped ‘coils
on the field magnet
phase star multiple. It is just as well to
state here that the coilg may be connected
in any of the well known ways, such as in
star series, delta, delta series, ete.. It will
also be noted that the armature coils in Fig.
4 are in part connected series star while
the rest are closed circuited. Either type

70

are- connected three -

78

can be used on either armature or field to -

meet different conditions in. the ore to be
separated, as each type has peculiar festures

.that can be used advantageously in variois

ways. v

In the following description T describe
the digmond overlapping coil on the field
and the single pole coil on the armature,
this being the preferable construction. Now

consider that a three phase alternating cur-’

rent has been switched on the field ‘magnet
and ‘current is flowing in all the coils' A, B

‘and C, ete. An adjustable resistance or an’
i on the last few éoils of _
the- field magnet to taper their :magnetic’

impedance is used

strength in such ‘a way that each following

tooth or pole is ‘wealker in magnetic strength *
is done to per-

than the one before it. This
mit magnetic susceptible ore

released

particles to be
and to drop away

80

85

80

from the rotat-

ing or progressing field. This is not’ neces- -

sary inm the case

‘of non-magnetic metallie 100

are repelled by and away ™ ¢

from the rotating-field, while the ragnetic’ ‘

substances are attracted to and advance with

the rotating field. -

No provisions liave as
the connection of the terminal wires leating
from the armature ) ;
poles of
the. armature have their terminals short cip~
cuited or closed. Current is noyw flowing in
all the field coils and

b=l
for diagrams Fig. 5.

25 was-described

Magnetic flux is now flowing through the -

field magnet out the tips of the poles or
teeth and across the
teeth through the armature, back through
the teeth and air gap to the field poles or

teeth again. This sets up a strong magnetic
fleld in the armature teeth ‘
which rotates in step with that of the field

it. " The current is
therefore ' the magnetic flux,

magnetism that energizes
alternating,

alternates back and forth across the ajr gap

at a speed equal to the frequency and the
poles or teeth of both the

ing from north to south

and back to north
again very rapidly, as

by induction

for 'instancq in 60

vet been made for- 108

with the exception that -
the coils on the last three teeth or

116

: all the teeth or:poles™
are energized ‘with a rotatine magnetic field

1315

air gap to the armature

120

125

field magnet and.
‘thé armiature reverse their pdlarity chang-

190
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cycle current they would change polarity
7200 times per minute.

When the coils on the armature are open
circuited no current flows through them.
The armabure iron is magnetized by the field
flux flowing through it. Magnetic perme-
able particles have a tendency to bridge
between the armaturc poles and the field
poles, even though they are spinning in step
with the frequency.

When the armature coils are closed cir-
cuited as shown in' the last three coils of
Fig. 4, current flows in them causing a
counterflix to be set up in the armature
which opposes the field flux that energizes
it, thus causing the permeable ore particles
to be repelled in the direction of the field
poles as they travel with ‘the rotating field.

Since non-magnetic ~metallic substances
are repelled away from the magnetic field
in any case, it males little difference whether
the armature coils are open or closed for
non-magnetic metallic substances. By -
termittently opening and closing the arma-
ture coils permeable ore particles are caused
to jump-up and down violently during their
progression, as well as to spin thus freeing
themselves from the gangue material which
tends to adhere to them.

Tt will now be considered that all the

armature coils are closed circuited and that

the field magnets are tilted to such an angle
that ore will freely flow down the feeder
board 45 in the air gap between the field
and armature, to a discharge.

Tt is to be noted that there aré no moving
parts on this type of separator and that all
ore moves by gravity alone, or is forced to
travel with or against gravity by the rotat-
ing magnetic field.

The gate of the hopper 50 is now opened
and a granular stream of ore permitted to
flow to the feeder board 45. The gangue
material which is non-metallic and is not af-
fected by the alternating current fluzy flows
down the feeder board to its discharge at
the bottom.

The permeable magnetic particles on en-
tering the field even though they are as fine
as dust, have natural polarity and will start
to spin rapidly when the alternating flux

~passes through them trying to present their

~ poles in proper relation to the lines of force,
' thus freeing themselves from gangue ma-

* terial, and one from the other. They are

60

also repelled from the armature poles and
in the direction of the field poles and they

~ are influenced to travel with the rotating

magnetic field. © Théy travel down on the

. under side of spacer board 40 at great speed,

much faster than the gangue that is flowing
by gravity on the feeder board 45. When
they reach the bottom of the spacer board
40 ‘they ave forced away from it by the

1,566,751

wedge shaped section 41 and as the current
in the lower coils: is tapered and weakened,
they drop away from the rotating field to
the discharge: ,

Tt often happens that magnetic materials
are sluggish and will not travel in step with
the rotating field dropping back in phase or
slipping, and in such a case it is required
that a move violent agitation be imparted

to the magnetic material traveling with the.

rotating field. In such a case it is arranged
that the armature coils be intermittently
opened and closed, which causes the ore
particles to violently jump up and down be-
tween armature and field as well as spin

70
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while they are traveling to their discharge -

with the rotating field currents, as the arma-
ture is first attractive when the coils are
opened and then repellant when the coils
are closed. '
What T claim is: »

1. The art of electrically separating mag--

netically permecable particles from gangue

which consists in passing a mixture of par-

ticles and gangue between a progressive

gui.}iti-phase magnetic field and an induced
eld. .

9. The art of electrically separating mag-
netically permeable particles from gangue
which consists in passing a mixture of par-
ticles and gangue between two progressive
multi-phase fields.
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3. The art of elecirically separating mag- '

netically permeable particles from gangue
which consists in passing a mixture of par-
ticles and gangue between two progressive
multi-phase fields,  the current in one of
said fields being induced by the current in
the other field.

4. The art of separating magnetic par-
ticles from gangue which consists in pass-
ing the mixture of particles and gangue

" across a multi-phase progressive fieid which

moves with the path. of the mixture, in
increasing the frequency of said field un-
til maximum movement of the particles is
secured, and in continuing the current in
the field at said maximum responsive fre-

‘quency.

5. The art of separating ron-magnetic
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metallic substances from magnetic sub- -

stances and from gangue which consists in
passing the mixture over a relatively thin
inclined non-magnetic surface under which
is..placed an eclectromagnet excited by a
multi-phase alternating current so that the
rotating or progressive field moves with the
passage of the mixture down said inclined
surface. : ' y
6. The art of separating magnetic ors par-
ticles from gangue which consists in pass-
ing a mixture of gangue and particles be-
tween a multi-pole electromagnet and an
armature, said magnet having a multi-phase
progressive magnetic field moving parallel
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to the path of said mixture, said armature
being particle-repellant. -

7. The art,of separating magnetic ore par-
ticles of different permeabilities which con-
sists in passing a mixture of such particles
successively past multi-phase rotating fields
of different frequencies. . -

8. The art of electrically separating mag-
netically permeable particles from gangue
which consists in passing the mixture of

particles and gangue through the margin

only of a progressive field moving in the

direction of material flow.

9. The art of electrically separating mag-
netically permeable particles from gangue
which consists in passing the mixture of
particles and gangue through the curved
portions only of the lines of force of a pro-
gressive field moving in the direction of
material - flow. - .

10. The art of- electrically separating
magnetically permeable’ particles from
gangue which consists in passing the mix-
ture of particles and gangue between two
progressive fields moving in the direction
of the flow of the material while restrain-

© ing said mixture from crossing the straight

and mnearly straight portions of the .lines
of force of each of said fields:

k4

11. The art of e].eétrically separating
magnetically permeable particles. from

gangue which consists in passing the mix-

ture of particles and gangue between two
insulating surfaces, each spaced: from a
progressive field whereby the mixture is
constrained to-move in the region of the.
curved lines of force of each field. n

12. The art of electrically separating
magnetically permeable -particles from
gangue which consists in passing the mix-
ture of particles and gangue along a non-
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metallic surface spaced . from a progressive -

field whereby the mixture is caused to move
in the margin only of said field. '

13. In a separator, an electro-magnet core
having parallel teeth, windings for said
teeth, multi-phase alternating current for

energizing said. coils to produce a moving

magnetic field, and a non-magnetic plate be-
low the toothed pole faces and. providing
a guiding surface for the material being
separated.

14. The device of claim 13 characterized
Ly "the plate being adjustable toward and.
away from the magnet. '

15. The device of claim 13 in combina-
tion with an armature for the magnet. .
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