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UNITED STATES PATENT OFFICE. 

ROBERT E. WAUGH AND EUGENE WAUGH, OF DENVER, COLORADO, 
ASSIGNORS OF FOUR-SEVENTHS TO JAMES H. MCSHANE, FELIX J. 
MCSHANE, HENRY J. PASCHEL, AND CLEMONT L. WEST, OF OMAHA, 
NEBRASKA. 

ORY ORE SEPARATOR. 

SPECIFICATION forming part of Letters Patent No. 719,897, dated January 27, 1903. 
Application filed September 21, 1901, Renewed May 27, 1902, Serial No. 109,199. (No model.) 

To all, Luhon, it naily concern: 
Be it known that we, ROBERT E. WAUGH 

and EUGENE WAUGH, citizens of the United 
States of America, residing at Denver, in the 
county of Arapahoe and State of Colorado, 
have invented certain new and useful Im 
provements in Dry Ore-Separators; and we 
do hereby declare the following to be a full, 
clear, and exact description of the invention, 
such as will enable others skilled in the art 
to which it appertains to make and use the 
same, reference being had to the accompany 
ing drawings, and to the figures of reference 
marked thereon, which form a part of this 
Specification. 
Our invention relates to a dry ore-separa 

tor in which both air and magnetism are 
utilized to perform the concentrating or sepa 
rating function. We employ an endless trav 
eling fibrous apronprovided with electromag 
nets transversely arranged on its inner sur 
face, the apron being employed in conjunc 
tion with a box or receptacle in which air is 
introduced under pressure, the arrangement 
being such that the only escape of the air 
from the box or receptacle is through the 
fibrous apron. The arrangement is also such 
that the magnets are energized only on the 
upper or Working portion of the endless apron, 
So that as soon as the apron moves down 
Wardly and begins its return movement be 
neath the air-box the magnetic material pre 
viously held by the magnet on the apron is 
allowed to drop off into a suitable receptacle. 
By reason of the transverse arrangement of 
the magnets with reference to the working 
surface of the apron the magnetic material 
forms transverse rifles on the working sur 
face of the apron, which rifles have a ten 
dency to prevent the escape of non-magnetic 
concentrates with the gangue over the tail of 
the table. 
Having briefly outlined our improved con 

struction, we will proceed to describe the 
same in detail, reference being made to the 
accompanying dra Wings, in which is illus 
trated an embodiment thereof. 

In the drawings, Figure 1 is a side eleva 
tion of our improved dry ore-separator. Fig. 

2 is a fragmentary perspective view of the 
air-box on one side of the machine, the parts 
being shown on a larger scale. Fig. 3 is a 
plan view of the apparatus, the apron being 
partly broken away to disclose the magnets 
underneath. Fig. 4 is a section taken through 
the conduit for introducing air to the air-box. 
Fig. 5 is a longitudinal section taken through 
the apparatus. Fig. 6 is a fragmentary per 
spective view of the apron, shown on a larger 
scale. The magnets carried by and forming 
part of the apron are clearly illustrated in 
this view. Fig. 7 is a section taken through 
the apparatus on the line at ac, Fig. 1, the 
parts being shown on a larger scale. Fig. 8 
is a section taken on the line 1, Fig. 1. Fig. 
9 is a fragmentary view of the apron and a 
portion of the air-box with which it is con 
nected, the parts being shown on a larger 
scale. 
The same reference characters indicate the 

same parts in all the views. 
Let the numeral 5 designate a suitable rel 

atively stationary foundation or base upon 
which are mounted two standards 6, located 
at each extremity of the machine. The stand 
ards 6 are slotted to receive the extremities 
of transverse shafts 7, which engage bearings 
to which are attached threaded stems 8, which 
pass upwardly through plain or unthreaded 
openings formed in flanges of the standards. 
To the upper portion of the stems which pro 
ject above the standards are applied nuts 9, 
provided with hand-wheels, by means of 
which the shaft 7 may be raised and lowered 
at will when regulating the inclination of the 
vibratory frame, as hereinafter described. 
This frame is preferably downwardly inclined 
from the head toward the tail of the table or 
from the left toward the right, since for the 
purposes of this specification the left-hand 
extremity of the table, referring to Fig. 1, is 
deemed the head and the opposite extremity 
the tail thereof. 

Each shaft 7 is provided with two antifric 
tional rollers 10, which are provided with 
flanges. These rollers are engaged by the 
side pieces 12 of the framework, which side 
pieces engage the rollers between the flanges. 
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To each of these side pieces is attached an 
air box or chamber 13. The side pieces 12 pro 
ject beyond the air-chambers at the extremi 
ties of the machine, and in these extremities 
are journaled shafts 14 and 14. Each of 
these shafts is provided with a pair of wheels 
15, located between the side boards 12 of the 
frame and engaged by belts 16, attached to 
the opposite longitudinal edges of the endless 
fibrous apron. 17. This apron is provided at 
its outer edges with strips of rubber 18, which 
are angular in cross-section and form flanges 
projecting above the working surface of the 
apron, whereby the material discharged there 
on for treatment is prevented from escaping 
Over the edges of the apron during the opera 
tion of the machine. The belts 16 pass be 
low the upper horizontal strips 13 of the 
air-chambers and are engaged by depending 
flanges 13, which form grooves in the belts 
and make the chambers l3 air-tight, or prac 
tically so, at the top. 
Attached to the inner surface of the apron 

by means of metal pieces 19 is a series of 
electromagnets 20, arranged transversely 
across the apron at suitable intervals, the 
pole-pieces of the magnets being in contact 
with the inner surface of the apron. To these 
magnets, remote from the pole-pieces, is at 
tached an endless auxiliary apron or belt 21, 
preferably formed of rubber or some other 
suitable material which is impervious to air. 
The auxiliary apron 21 lies parallel with the 
apron 17 and makes the chambers 13 air-tight 
below and on the sides adjacent the magnets. 
The bottom of each chamber 13 is provided 
With an upwardly-projecting metal flange 22. 
These flanges are connected with an electric 
source 23 by means of conductors 24 and 25, 
leading from the poles of said source and re 
spectively connected with the metal parts 22 

Each magnet is pro 
Vided at each extremity with a metal con 

The two contacts of each magnet 
are connected with the opposite extremities 
of the magnet-coils. These contacts 26 also 
engage the metal parts 22 of the chambers. 
The electric circuit is thus completed through 

55 

the coils of the magnets carried by the upper 
part of the traveling apron when the machine 
is in operation. As the contact-flanges 22 
only extend the length of the box 13, as soon 
as the apron leaves the box the magnets are 
deénergized and the magnetic material is al 
lowed to drop therefrom. 
To the shaft 14, which projects outwardly 

on one side of the machine sufficiently for the 
purpose, is made fast a pulley 27, which is 
connected with a belt 28, passing around a 
pulley 29, fast on a shaft 30, operated by any 
suitable power. It is evident that the rota 
tion of the shaft 14 will actuate the endless 
apron and its attachments. 
Air is introduced to one of the boxes 13 from 

a blower 31. A conduit 32 leads from this 
blower, and its free extremity is connected 

719,397 

telescopically with a conduit 33, which com 
municates with one of the air-chambers 13. 
The blower is operated by means of a belt 34, 
which connects a pulley 35, fast on the shaft 
30, with a smaller pulley 36, fast on the blower 
shaft 37. V 
The vibratory or reciprocating movement 

is imparted to the apron-frame by two pit 
men 38, connected at one extremity with ec 
centrics on a shaft 39, while their opposite 
extremities are connected with the shaft 14. 
The eccentric-shaft 39 is operated by a belt 
40, which connects a pulley 41 on the shaft 
30 with a pulley 42 on the shaft 39. 

Before beginning the operation of the ma 
chine the nuts 9, which are provided with 
hand-wheels for the purpose, as aforesaid, are 
so adjusted that the apron-frame, composed 
of the side pieces 12, shall occupy an inclined 
position, the head of the frame or the ex 
tremity farthest to the left in Figs. 1, 3, and 
5 being the highest. 
When the machine is in operation, the shaft 

14 is rotated in a direction to cause the apron 
and its attachments to travel in the direction 
indicated by the arrow in Fig. 1. The mate 
rial to be treated is discharged upon the work 
ing or separating face of the apron from a 
chute or hopper 45. At the same time air is 
introduced to one of the chambers 13 from 
the blower 31 and the apron-frame subjected 
to a vibratory movement by the rotation of 
the shaft 39. The air passes freely from one 
chamber 13 to the other, between the apron 
17 above and the auxiliary belt or apron 21 
below. Hence the spaces between the parts 
17 and 21 in which the magnets are located 
form a part of the chamber. When the ma 
chine is in operation, as aforesaid, there are 
three forces in addition to gravity acting in 
conjunction to effect the separation of the 
mineral from the gangue-namely, vibratory 
force, magnetic force, and the compressed-air 
force. The air passes up through the meshes 
of the apron and causes, in conjunction with 
the vibratory force, the gangue, which is of 
less specific gravity, to rise to the top, allow 
ing the mineral particles, which are heaviest, 
to settle on the apron, whereby they are car 
ried along there with. The magnetic force, 
acting through the apron, causes the mag 
netic material to arrange itself in transverse 
ridges or riffles corresponding with the trans 
verse arrangement of the magnetic poles of 
the inner surface of the apron. These trans 
verse ridges or temporary rifles of magnetic 
material overcome any tendency of the non 
magnetic mineral particles to pass down the 
apron's incline and escape at the outlet of the 
machine with the gangue. 
Having thus described our invention, what 

We claim is 
1. In a dry ore-separator, the combination 

With a main frame, of an apron-frame mount 
ed thereon and provided with an air-cham 
ber, an endless traveling apron mounted on 
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the apron-frame and provided with electro 
magnets located adjacent the inner surface 
of the apron which is arranged to close the 
air-chamber, and means for introducing air 
under pressure to the air-chamber, the apron 
fabric being such as to allow the air from the 
chamber to pass therethrough for the pur 
pose set forth. 

2. In a dry ore-separator, the combination 
With a stationary frame, of an apron-frame 
movably mounted thereon and provided with 
an air-chamber, an endless traveling apron 
mounted on the apron-frame and arranged 
to close the air-chamber, the apron being pro 
vided with electromagnets arranged adjacent 
its inner surface, means for imparting a vi 
bratory movement to the apron-frame, and 
means for introducing air under pressure to 
the air-chamber. 

3. In a dry ore-separator, the combination 
with a stationary frame, of an apron-frame 
movably mounted thereon, and provided with 
two air-chambers, one on each side, an end 
less traveling apron mounted on the apron 
frame and provided with electromagnets 
mounted adjacent its inner surface, the apron 
and magnets being arranged to close the air 
chambers and permit a circulation of air 
from one chamber to the other, means for 
imparting a vibratory movement to the apron 
frame, and means for introducing air under 
pressure to the air-chambers. 

4. In a dry ore-separator, the combination 
of an apron - frame provided with two air 
chambers, one on each side, an endless trav 
eling apron mounted on the apron - frame, 
said apron being provided with an auxiliary 
apron impervious to air and Occupying a po 
sition separated from and parallel with the 
main apron, electromagnets located between 
these two aprons, their pole-pieces being ar 
ranged adjacent the inner surface of the main 
apron, the structure composed of the two 
aprons and the magnets being arranged to 
close the air-chambers and form a communi 
cation between the two chambers, and means 
for introducing air under pressure to the air 
chambers. 

5. The combination of an apron-frame, pro 
vided with an air-chamber, an endless trav 
eling apron provided with electromagnets ar 
ranged adjacent the inner surface of the 
apron and traveling there with through the 
air-chamber, the apron being arranged to 
close the air-chamber at the top, and the apron 
fabric being pervious to the air, and means 
for introducing air under pressure to the air 
chamber. 

6. The combination with an apron-frame, 
provided with an air-chamber, of an endless 
traveling apron mounted on said frame and 
closing the air-chamber at the top, and electro 
magnets connected with the apron, and hav 
ing their pole-pieces arranged transversely 
across the inner surface of the apron, and 

well 

means for introducing air under pressure to 
the air-chamber. 

7. The combination with an apron-frame, 
provided with an air-chamber, of an endless 
traveling apron mounted on said frame and 
provided with electromagnets arranged adja 
cent the inner surface of the apron, and trav 
eling there with through the air-chamber an 
electric source, and means for automatically 
closing the circuit to energize the magnets 
while traveling through the air-chamber, and 
for breaking the circuit to de?nergize the 
magnets as they leave the air-chamber. 

8. The combination with an apron-frame, 
provided with an air-chamber, of an endless 
apron arranged to travel on said frame and 
closing said air-chamber at the top, electro 
magnets connected with the apron and ar 
ranged to travel there with through the air 
chamber, contacts arranged longitudinally of 
the air-chamber and respectively connected 
with the poles of the electric source, the ar 
rangement being such that the magnets en 
gage the said contacts and close the circuit 
through the magnet-coils while passing 
through the air-chamber. 

9. The combination with a stationary frame, 
of an apron-frame mounted to vibrate there 
on and inclined downwardly from the head 
toward the tail of the machine, said apron 
frame being provided with an air-chamber, 
an endless traveling apron mounted on the 
apron-frame and closing the air-chamber at 
the top, electromagnets carried by the apron 
and traveling there with through the air-cham 
ber, means for introducing air under pres 
sure to the air-chamber, means for imparting 
vibratory movement to the apron-frame, and 
means for actuating the apron, substantially 
as described. 

10. The combination with a stationary 
frame, of an apron-frame mounted to vibrate 
thereon and provided with air-chambers, one 
on each side, an endless traveling apron 
mounted on the apron-frame and provided 
with electromagnets, the apron and the mag 
nets being arranged to close the air-chambers 
and establish a communication between them, 
the apron being provided with flexible flanges 
applied to the opposite edges of its outer Sur 
face, and belts applied to the inner surface of 
its opposite edges, shafts mounted on the vi 
bratory frame, wheels mounted on the shafts 
and engaged by the belts of the apron, means 
for introducing air under pressure to the air 
chambers, means for actuating the apron, 
and means for imparting the vibratory move 
ment to the apron-frame. 
In testimony whereof we affix our signa 

tures in presence of two witnesses. 
ROBERT E. WAUGH. 
EUGENE WAUGEI. 

Witnesses: 
DENA. NELSON, 
A. J. O’BRIEN. 
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