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: . To all whom it mm'y-cmmn;.;_ |

U

NITED STATES PATENT OFFICE.

GUY H. WARING, OF WEBB CITY,

| . .Bpeciﬂc_a.tioﬁ of Letters Patent. o
~ Applicstion fled November 16, 1005, Serial No. 287,734,

 Patented Oct. 23,1908,

- Webb City, Jasper county, Missouri, have

mnvented certain new and useful

~ mentsin Magnetic Ore Separators and Classi-

Hers, of which the following is a specification

- containing a full, clear, and exact descrip-

o

- tion, reference being had to the accompany-

ing drawings, forming a part hereof.

My object is to produce an improved ma,'g;.

“netic ore separator and classifier which shall

~not only separate the ore from the refuse, but

.. which shall classify the ore after separation.
I5

- My invention consists, when stated specif-

- lcally, of a machine having a suitable hopper
- to recerve the ore; means for regulating the

20

~adjacent said bottom

flow of ore through the hopper: an inc ined:
bottom; a smooth non-magnetic. surface for
sald bottom; adjustable non-magnetic sides
and forming therewith.

& trough to receive the ore from the outlet of

5

-the hopper; means for ad
- of inclination of the said
shaking the trough:

| trough; means for
30 as to cause the ore to

~ slide, roll, and tumble freely down the in--

- cline; magnets arranged _
- "oblique pairs so that thedplanes- of magnetic
- Influence overlap longitudi

30

- said trough, as required to subject the

above the trough in-
nally of the direc-
tton of the flow of the stream of ore through
par-

- ticles of ore to a ] ractically constant mag-

- the self-induction and

- the magnets,
45

~ netic influence as ¢
- said trough., means

nets and the ore; means

ey roll and tumble along
Tfor regulating the dis--
tance between the magnets and
adjusting the relative position .of the mag-

: _ for reciprocating a
sertes of magnets or their sources of magnetic.
influence crosswise of said trough; a series of
lamps In circuit with said magnets to take up-
‘ and lessen the spark an
also to quicken the release action of the:
magnets; means _ .
as required to pick up the ore-
and pass’it over the edge of
the weakest being: at the:
top and. the strongesi at the bottom, as re-

. qlll,ured to pick up the high-grade ore first and
- the

low-grade ore last, and independent re-

ceptacles.for each grade of ore. - *

It has hitherto been found impmﬁ‘?’ﬁd&blé |
to use 'I'e,ciproc_a;ting;elect_rqmagnets of hugh

Improve-

justing the degree.

_ i . S '-'power with bare-
~ Beitknown that I, Guy H. ‘WARING, & citi- |
‘zen of the United States, and a resident of

the ore by |

for intermittently exciting |

S L. the said trough |
and then drop it, said magnets being gradu-
ated 1in. strength,

oles intermittently excited
when placed in cﬁgse sets—that is, when the
magnets momentarily cut out are in juxta-
position with others

excited—whether the
nets.to each other are

“of the field in order
attractive force of the magnet that
lease the attracted material when cut out;
but I have discovered
nately-excited magnets are arranged in sin-
each other
shunted or cut-out magnet when it is cut out
1s 80 small in amount that the magnets can

‘be operated with ‘bare poles acting ulion the
material under any desired potential in an
and at the same time .
magnetic matetial when
; w maxes 7§
lieve, for the first time in

1ntermitting manner
quickly release the .
cut out. This arrangement, as I find, makes
1t possible, as I be , |
‘the practical use of intermittent, electromag-
nets to dispense altogether with every form
of shield or insulation between _
pieces and the attracted material The

apart the magnets should be placed in the
diagonal. . Heretofore the principal difficulty

charged magnets with. b
.pole-pieces

are poles or bare

rent 1s cut o
rial. - My investigations _
with proper magnetic metal the residual mag-
netism causes’ ,

the induced currents are reduced to a negli-

gible quantity, which I find can be done by
the oblique arrangement and 1n no other...
way. S

- A decided utility in the 'a.rra.n'gement of in-
termittently-acting electromagn

pairs as applied to the extraction of magnetic

that ‘are momentarily -

relation of the mag- -
_ e staggered or in square
sets without the Introduction of insulating
material in the most intensely active portion.
to so weaken the total -
1t méy re--

that when the alter- |

enecountered in~ operating intermittently'—-
| has been- attributed chiefly to
residual magnetism remaining after the cur-
and causing retention of mate- -
have shown that

no trouble whatever; provided

etsimoblique

55

6o

gle pairs placed obliquely with regard to
the induced msgnetism in the:

70

the pole-
: . | 80
more Intensethe magnetic field is the farther .

90

.95

particles from-a descending stréam of mate-

rial in which all the ‘particles have a-free mo-

that the magnets must necessarily move at'a

J.

100

“tion of their own; due to the combined effect -
of gravity and impact, arises from the fact,

right angle to the lines of direction of the mov- -
ing stream, so that as the upper magnet of
each pair recedes from any such line the ma-

10

'S



. 50 pe

terial in such line immedijately ab ove the por-

tion already acied upon by the receding mag- ;

- net before its return-and remagnetizafion,
but will be exactly in the field of the lower

" of the upper magnet the material
* would otherwise pass ) 3 1

~ ing.lower magnet: is acted upon, and in this

 way a definite area of descending material is
10 constantly acted upon by auniform magnetic

~ potential.
ESPB.Gi&l;

. nets arranged'in oblique pairs with means for

15 passing the material to be acted upon through |

"-the magnetic field surrounding the poles of

‘such magnets in such & way that the individ-

ual particles of material may be in free move-.

<1ment with respect to each: other, as in a free
20 fallingstreamor havipf arolling tumbling mo-
tion, asover an inclined plane, as distinguished

from movement en masse, as when carried by -

~ a beltor pan, and without the intdervention of
 bolts or insulation of any description between.
25 the material and the poles of the electromag-

7 net;with meansforinterrupting the excitation
of the magnets when not over or in front of .

‘the moving material and means for obtaining

~ reciprocal lateral movement of the ore-car-

~ go rier or the magnets.

~ The attractive powerof & magneticsurface |
decreases in proportion to the square of the
-distance between it and the material -acted |

- upon, and it is readily seen why any device
45 which will render the actual contact of the
- “poles and magnetic material practicable 1n &

magnetic separator must also very greatly
~ ~“diminish 311.(51. waste of energy. ri‘vﬁemﬁpe‘r&-

 tion of separating the ore from the refuse is

40 greatly facilitated by shaking the trough. -
- The following drawings illustrate one way
of carrying out my invention. I

- Figurelisarearelevation of
. Fig. 2is a top plan view omitting the hopper.
. 45 Fig, 3is a sideelevation, the receptacle for re-

S ceivi
- 4 is'a diagrammatic view of the electric cir-
. cuits. TFig: 5is a detail of one of the hoppers
 and the inclined trough leading from the fmﬁ-
e

r and; showing the means of adjusting t
inclination of the trough. Fig. 6is a.top plan

~view of the parts shown in Fig. 5.

*Referring to the drawingsin detail, the hop-
- per 10 has an outlet 11, and the passage of

¢z ore through the outlet is regulated by the ad-
-justable slide 12.. Z-bars 13 are attached to

the front face of the front wall of the hopper

" in vertical parallel positions,.one on each side
- of the outlet 11, as required to provide ways
6o in which: the slide_ 12 operates to open -and
" close the outlet -11. |

| qulred to. tlghtﬁn and hold the slide in any de-
65 sired position. ~ The hopper 10 . is‘rigidly

magnet. . Similarly, during the return stll-](;kﬁ-
ci
down behind the reced- |

Do o e trough down which
_ attention is called to the arrange-
-ment of intermittently-excited electromag-

the apparatus..

the ore being shown in section. Fig.

e outle A vertical slot 14 18|
formed,in the center of the slide 12, and &
thumb-serew 15 operates in said slot as re-

. 884,176

mounted upon the inclined bottom 16, and
the upper surface of the bottom is covered by
a -smooth plate 17, of suitable non-magnetic
.material, such aszine. The bottom 16 1is pro-
vided with adjustable sides 18, said sides be-
ing strips of non-magnetic' material, such as

f

‘which the thumb-screws 20 operate, as re-
quired to adjust the height of the sides above
‘the - bottom, "thus producing an inclined
the ore will readily slide,
roll, or. tumble’ from the outlet 11.in the
hopper. =~ -
. In the apparatus shown there are three

clined troughs leading from the hoppers.
tfrou%h's' are rigidly connected to the hoppers.
The . 21

upper ends of the troughs by the hinges 22,

rod 23 by the clamps 24. A rod 25 is mount-

ed parallel with the rod 23, the corresponding
ends of said rods 23 and 25 being connected

by the cross-rods26. .~
“Plates 27 are secured to the lower face of

‘the troughs, and adjusting - screws 28 are

troughs may be regulated by the adjusting-
screws 28. o .+ |
The frame consists of the sills 20; the posts

side top pieces 31, connecting the IIP({)GI' ends
“of the posts 30; the intermediate si

front top piece 33, connecting the forward
‘ends of the side tqp pieces 31; the rear top
piece 34, connecting the rear ends of the side
‘top pieces 31; the center. timber 35; a corre-
- sponding front timber mounted in horizontal
“alinement vertically below .the front to

I_?&linement with the center timber 35, -
{ Shafts 37 are mounted 1in bearings upon
the timbers 35 and 36, and grooved wheels
38 mounted upon the shafts, and the rods 23
and 25 rest upon these grooved wheels, as re-

uired: to support the hoppers and the In-

“clined troughs. A driving-shaft 39 is mount-

.| ed in bearings upon the center timber 25 and

the corresponding front timber, and a pit-

crank-disk 41, carried by the driving-shaft

thus shaking the ore and causing 1t to
from the ho
| oll, and tumble down the troughs.
A timber 42 1s mount; d on the top
timbers 33 and 34, and a rod 43 (seedotted
lines, Fig. 1) connects the timber42 to one ot
‘the top pieces 31 near their rear ends, and
magnet-supports 44 are pivotally connected

hoppers 10, arranged in a row, and three in-.

&ck'supfort 21 is connected to the rear
0

and the support 21 is In turn connected to the

SS
PEers to the trOUghs &nd S igﬁ, :

the top of the )

70

zine; and having vertical slots 19, through

75

8¢

The - hoppers are built - together, and the

Q0

“screw-seated vertically through the rod 28, .
with their upper ends operating in recesses n .
the plates 27, so that the inclination of the

95

[.30, extending upwardly from the sills; the

100

e pleces
32: connecting the centers of the posts 30; the

105

piece 33, and a rear'timber 36 in horizontal:

I1c

115;-"'

“man-rod 40 connects the cross-bar 26 to the .
120 °

39, so that as the driving-shaft 39 is rotated -
the holg)pers and troughs are reciprocated,

|
|
1

ir2g

130



884,175

"ﬂto this rod 43. The forura,rd ends of- these']

magnet-supports 44 are adjustably connect-

- ed-to the front top timber 33 by turnbuckle-
- rods 45, so that the supports 44 may be ad-
justed t6'and from the troughs by operatmg

e the turnbuckleq

rob

N

There are two supports 44 for. oaoh trough, |
- and magnets 46 are arranged in oblique pairs

ports 44 |

and adjustably connected to the s

rods 47. ‘The magnets are graduated in
foroo the weakest at the top and the strong-

st at the hottom. The magnets are ar- |
ranged in rows above the troughs two rows
- Jor each trough, so'that as the troughs are re-

ciprocated one row of the magnets is over the

- trough and the: other row . of magnets 15 at

. ene side of the trough, the relative position
 being changed at oaoh movement of  the

20

"trough The magnets are arranged close to-
gether longitudinally of the trough, so that

- the planes ‘of magnetic influence overlap n

- the: direction of tho flow of the ore, thereby

subjecting the ore to a oonstant and increas-

ing magnetic influence.

- 4. The dash-pot .50 s mounted upon the

30

base 51 of insulation.

- Mercury 54 is placed in.the bottom of the

35
. the Insulation -57 into the oil and mercury.

" Aretractile ooll—sprmg 58 connects the lever
‘to the base, as required to
- down into tho mercur

40

15

50

* dash-pot of the circuit-breaker 48.
turn-wire 65 connects the cenerator with the |

55
~to” partly short-circuit the magnets. -

‘wire 66 passes through the incandescent
lamps 67. A 'similar shunt-wire 68 connects ‘|

~ the wire 64 on each side of the magnets-65
and passes through the incandegcent lamps

60

dash-pot.

one end of the lever 53 and slides thr ough

Eull the plunger

i e opposite ends
of the levers 53 from the plungers are curved

upwardly, and the fingers 59 and 60- are ad-
Justably &tt&ohed t0 the support 21, so as to

alternately engage the "levers - 53 as the
- troughs are reciprocated and pull ‘the plun-
gers out: of the mercury.. The line 61 leads

from the generator 62 through the right-hand
row 63 of each setof ma

of the circuit-breaker 49. - A similar line 64

leads from the generator through the left-

hand row 65 of each set of magnéts to the
The re-

osts 52 of the circuit- breakers. 48 and 49.
he shunt-wire 66 connects the wire 61 at

each enid of the row of magnets, as roqulred*
Said

. 69. The introduction of the shunt-wires 66

and 68 through the lamps 67 and 69 takes HE |

- self-induction, lessens the tendency tospar

65

at the mrcult-breokoro and quickens the let-

go aotmn of the Tiagnets.

‘| the receptacle 76 and spout 77.
The circuit-breakers 48 and 49 are mount—--‘

ged upon the rear timber 36, said. circuit-
“breakers being constructed as shown in Fig.

A post 52 is mounted-
‘beside the dash-pot; and a lever 53 is pivot-'|

- ally oonnectod to the upper end of the post:

onets to the dash-pot

bre&kors are arranged S0 as to excite the
magnets when the magnets are directly over

the stream of ore in tho troughs and to desn-

‘ergize the magnets after the troughs have

been moved from under the magnots as Te-
quired to take up the ore from the troughs,

carry 1t over the 51des of the troughs and'

drop 1t.

In order that tho entire qtreum of ore may
be subjected to the force of the magnets, the

‘magnets are made broader than the troughs _.
.80 thut the rounded edges of the magnets are
“projecting heyond the srdes of tho troufrh as

Shown in Fig. 1.

The ore which rlro S ﬁom tho ﬁrst pa,lr of
magnets will fall mto the receptacle 70 and

70

8o

pass downwardly through the spout 71, and

the ore from the second pair of maguets will

fall into the receptacle 72 and pass down-

‘wardly into the spout 73, and ore which falls
from the last pair of mocrnots 74 will pass

mto the receptacle and the spout 75, and the

refuse which passes the magnots will fall into

The highest

grade of ore will fall mto the reoopt&o?e 70
and the middle grade into the receptacle 72
-|'and ‘the low grade.into the receptacle 74. -
The refuse wh ich falls into the receptacle 76
may contain some ore and may be reground

and again passed through the apparatus.
The recopt&oles run crosswise of the inclined

| trough, so that similar grades of ore from the
Oil 55 is placed on fop of the

IMErCury, and a plunger 56-is connected to |

d]fferont sets of magnets Wlﬂ f&ll mto the
same receptacle.

I am aware that maﬂruotro soparotors of

the drum type have been constructed to hift -
the'magnetic material out of a stream of ma-
terial moving over an inclined plane or falling

freely throu D‘h the air or conveyead in a qules-

cent mass bv means of a beit; but heretofore

the mognotm field generated about the plane
of the moving mutorlal has been of greatly-

| varying intensity, the maximum force being
exerted in a narrow line across the stream, as
in the case ‘of the use of rotating drum-—mam
| nets orin the case of stationary mwuets hav-
-ing pointed or wedge-shaped pole-pieces, or
else the field was much more powerful on one
Im-

side of the stream than the other. My i

proved method is Sub]oot to none ‘ot tho
aboye ob; ections.

By tho use of my 1mprove@l method I dla-,—l |
pense entirely with the interpositicn of a belt

or other carrier between-the material’and tre’

-magnets and provide a magnetic field of a
-;oompar&twoly large area, thereby greatly in-
creasing the w orkmg oupuolty of the machine
‘over the ordinary types, especially in the -

9°
95.
I:O*é) :
105
170
rrs

120

case of ores carrying hich peroentogos of

magnetic material. By arranging the mag-
nets of different potentials the minerals may

‘be classified according to their varying per-
‘meability, and by hmltmg the strength of the

‘[25_

magnets to the power requ1rod only to hit

“The circuit- | motemal of definite pormoablhty 2 great sav-

130



10

ing of power is accomplished and a more !

nearly cqual intensity of magnetic attraction

over the working area of the adjacent mag-

nets is effected, which is peculiar entirely to

the reciprocatin or'oscill&ting-m&gnets trav- |

eling back and forth across the width of the
stream of material. ' .

I claim— | | |
1. The improved magnetic ore separator

and classifier consisting of an inclined trough

having asmooth non-magnetic surface, means
for conducting the ore through said trough,
and causing the same to roll and. tumble
therein; a series of magnets arranged above

said trough in oblique pairs, so that the |

- planes of magnetic influence overlap longitu-

20

dinally of the direction of the passing ore,

means for reciprocating the trough crosswise.

relatively to the said magnets, and means for
intermittently exciting the said magnets, as

- required to pick up the ore, pass it over the

30

‘sides of the trough and drop it therefrom,

substantially as specified. .

2. The improved magnetic ore separator
and classifier consisting of an inclined trough
having a smooth non-magnetic surface,
means for conducting the ore through said
trough, and causing the same to roll and tum-
ble therein; a series of magnets arranged

above said trough in oblique pairs, so that

the planes-of magnetic influence overlap lon-

gitudinally of the direction of the passing

- ore, means for reciprocating the trough cross-

35

wise relatively to the said magnets, and
means for intermittently exciting the said
magnets, as required to pick up the ore, pass
1t over the sides of the trough and drop it

- therefrom; said magnets being graduated in

40

‘strength, the weakest being at the top_and

the zirongest at the bottom, substantially as

- speciiied.

~having a smooth non - magnetic surface,
means for conducting the ore through said |
trough, and causing the same to roll and tum-

45

55

60

- 3. The improiréd magnetic ore separator
and classifier consisting of an inclined trough

ble therein; a series of magnets arranged
above said trough in oblique pairs, so’that
the planes of magnetic influence overlap lon-

o gitudinally of -the direction of the passing
ore, means for reciprocating the trough cross- |
~wise-relatively to the said magnets, means

for intermittently exciting the said magnets,
as required to pick up the ore, pass it over the
sides of the trough and drop it therefrom:
said magnets heing graduated in strength,
the weakest being at the top and the strong-

est at the bottom; and independent recepta-

cles for each grade of ore, substantially as
specified. , | - |

4, The improved magnetic ore separator
and classifier consisting of a. suitable hopper
having an outlet, means for regulating the

flow of-ore through the said outlet, an inclined

884,175

trough having a smooth non-magnetic sur-

face, means for conducting the ore through
said trough and causing the same to roll and’
‘tumble therein, a series of magnets arranged
above the said trough in oblique pairs so that

the planes of magnetic influence overlap lon-
gitudinally of the direction of the passing ore,

| means for reciprocating the trough crosswise

relative to the magnets; and means for inter-

mittently exciting the magnets as required
| to pick up the ore, passit over the sides of the

trough and drop it, substantially as specified.

65

70

75

5. The improved magnetic ore separator
and classifier consisting of an inclined trough

having a smooth non-magnetic surface,
means for conducting the ore through the

| trough, an inclined bottom having a smooth
' non-magnetic surface, adjustable non-mag-

netic sides adjacent said bottom, means for
causing the ore to roll and tumble through

80

4

the trough, a series of magnets arranged 85

‘above the trough in oblique pairs, so that the

planes of magnetic influence overlap longitu-
dinally of the direction of the passing ore,

| means for reciprocating the trough crosswise

relative to the magnets, and means for inter-

mittently exciting the magnets to pick up the
| ore, pass 1t over the sides of the trough and

drop it, substantially as specified.

go

6. The improved magnetic ore separator -

and classifier consisting of an inclined trough
having a smooth non-magnetic surface,

means for conducting the ore through the
trough, means for adjusting the incline of the

trough, a series of magnets arranged above
sald trough in oblique pairs, so that the
planes of magnetic influence overlap longitu-

dinally of the direction of the passing ore,

means for reciprocating the trough crosswise

relative to the magnets, and means for inter-

mittently exciting the m&gnets to pick u
the ore, pass it over the si
and drop it, substantially as specified.

es of the trough

95

I00

105

7. The improved magnetic ore separator

and classifier consisting of an inclined trough.
IIO

having  a smooth non-magnetic ~surface,

means for conducting the ore through the

| trough, means for adjusting the incline of the

trough, a series of magnets arranged above

the said trough in oblique pairs, so that the

planes of magnetic influence overlap longitu-
dinally of the direction of the passing ore,
means for reciprocating the trough crosswise
relative to the magnets, means for intermit-

tently exciting the magnets to pick up the.
| ore, pass it over the sides of the trough and.

X135

120

drop it; and means for regulating the dis-

tance between the magnets and the ore, sub-

stantially as specified. D

8. The improved magnetic ore separator
and classifier consisting of an inclined trough
having a smooth non-magnetic surface, a

series of magnets arranged above said trough:
| in. oblique pairs, so that the planes of mag-

125
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netlc mﬂuence overla.p longﬂsudma.lly of the | ‘In testlmony whereof 1 ha.ve mgned my .

direction of the. passmg 0

in the circuit to-take up se

“the spark and -quicken

re, & series of lamps | name to this specification in presence of two .
lf—mductlen lessen subecnbmg witnesses.

the release of ssid | GUY H WARING

5 magnets; and ‘means for reciprocating the | Wltneseee

trough crosswise rela.twe to the megnets, eub- oML P Suri'H

Bta.ntlally as SP eclﬁﬁd
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