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ting a drum,the parts being shown on alarger | 17, strengthened by diagonal braces 18.

“rable, and ef

UNITED STATES

PaTeENT OFFICE.

ROBERT E.

WAUGH AND EUGENE WAUGH, OF DENVER, COLORADO.

DRY ORE-CONCENTRATOR.

SPECIFICATION forming part of Letters I’&tenf. No. 703,358, dated June 24, 1902.
| Application filed May 27, 1801, Serial Nn_. 62,153. (No model.}

To all whom it may concern:

Be it known that we, ROBERT K. VVAUGH
and EUGENE WATUGH, eltlzens of the United
States of America, reﬁiding at Denver, in the
county of Arapahoe and State of Colorado,
have invented certain new and useful Im-
provements in Dry Ore-Concentrators; and
we do declare the following to be afull, clear,
and exact description of the invention, such
aswill enable othersskilled in the art to which
it appertains to make and use the same, ref-
erence being had to the accompanying dlaw-

ings, and to the letters and figures of- refer-

ence marked thereon, which fmm a part of
this specification.

Qur invention relates to improvements in

dry ore-concentrators, our object being to pro-
vide a thoroughly praetlcable machine of this
class which Sh“Lll be comparatively simple in
construction, economical in cost, reliable, du-
icient in use; and to these ends
the invention consists of the features herein-
after described and claimed, all of which will

be fully understood by reference to the ac-

companying drawings, in which is illustrated
an embodiment thereof. |
In the drawings, Figure 1 1s a top or plan
view of our machine, the endless apron being
partly broken away. Fig. 2is a top view of
the frame and operating pm ts, the air-cham-
ber, the endless apron, and the drums being

1'emoved and certain elements being partiyi

broken away. Fig. 3 is a side elevation of
the machine. Fig. 4is a section taken on the
line A A, Figs. 1 and 2. Fig. 51is a section
taken on the line C C, Fig. 3, looking toward
the left, as indicated by the arrow. I1g. 618

a section taken on the line B B, Fig. 3, look-

ing toward the left, but not showing the
blower or the conduitleading therefrom to the
air-box or auxiliarychamber. Fig. 7 1sasec-
tion taken on the line D D, Fig. 3, viewed 1n
the direction of the arrow. Fig. 8 is a sec-
tion taken on the line ¥ B, Figs. 3 and 4,
looking toward the left. Fig. 91s a section
taken on the line K E, Fig. 4 looking down-
ward. Fig. 101s a side elevatwn of the air-
chamber and the vibratory apron -frame.
Fig.
taken through one end of the machine cut-

apron shown on a larger scale.
~vertical section taken th1 ough the air- -cham-

11 is a fragmentary vertical section

scale. rig. 12 is a top. or plan view of the

Fig. 1318 a

ber on the line H II, Fig. 14 Fig. 14 is a
horizontal section of thesame,takenontheline

-3 G, Fig.13. Fig.15isa vertical cross-section

taken through the air-chamber and the apron-
frame, showing one of the perforated pipes.
Fig.16 lsaseemon showing a similar pipe hav-
ing elongated openings. Fw 17 is a section of
Lhe flame, showing. a perforated pipe pro-
vided with a pnlley at one extremity. Fig.

18 is a cross-section taken through the apron,

which isshown in detail and on a larger scale.

Fig. 19 is an enlarged fragmentary view of
Lhe apron and its supportlnﬂ' -track. Fig. 20
is an enlarged sectional detail.

illustrating the apron-beater. Fig. 22 is a
perspective view of the apron- beater |

The same reference characters indicate the
same parts in all the views.

~ Let the numeral 5 designate a suitable sup-
porting-frame provided with slotted uprights
or standards 6. Into theslots 6* of the stand-
ards project the extremities of fransverse

‘bars 7, which are made fast to vertically-
movable blocks 8, which are secured to the

lower extremities of vertical jack-screws 9,

-which pass through plain orunthreaded open-

ings formed in the flanged top parts of the
stdndards
ards are applied adjusting-nuts 10, whereby
the position of the bars 7 may be vertlcally
adjusted at will. Asshown in the drawings,
there are four standards 6 and two bars 7,
though a greater number may be emploved

if deSIred

Upon each bar 7 are mounted and made
fast two sleeves 12, which are held in place
by set-bolts 13, whel eby their position on the
bar may be refrulabed at will. The tops of
these sleeves are provided with forked pro-

jections 12, forming seats for the longitudi-

nal bars 14, which are secured thereto by set-
bolts 15. The bars 14 form supports upon

To these serews above thestand--

55
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Fig. 211s a
section taken tthllO‘h one of the end drums,
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which the apr on-frame is slidably mounted.
This frame is composed of two'side pieces 16,
arranged edgewise and suitably separated.
The side pieces are connected by cross-pieces
The
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20

extremities of the Cross-pieces are secured to
cleats 19, made fast to the pieces 16 on the in-
side. | |

To the top of the pieces 17 and 18 is secured
a bottom 20 for an air-chamber 21, which is
closed at the top by the apron 22. The lat-

ter will be hereinafter more particularly de-

scribed. The bottom 20 is preferably com-
posed of a plate of sheet metal. Tothe lower
edge of each side piece 16 is made fast a nums-
ber of shoes 23, shaped to engage or embrace
the bars 14 and slide fresly thereon during
the vibration of the apron-frame. As shown
in the drawings, each piece 16 is provided with
two shoes 23. It is evident, however, that
any other desired number may be employed.

To the side of each piece 16 is secured a

‘horizontal track 24 for an endless apron 25,

which at the ends of the apron-frame passes
around drums 26, journaled in the extremi-
ties of the side pieces 16 beyond the rubber

flaps 20°, which are attached to the bottom

- ber 21.

30

35

40

20 and close the extremities of the air-cham-
One of the end drums (being that
farthest to the right in Fig. 9) is journaled
in boxes 27, movablein longitudinal openings
formed in keepers 28, suitably mounted on
the frame. These boxes are adjusted in their
keepers by means. of set-bolts 29 or in any
other suitable manner. The function of the
movable drum is to regulate the tension of
the endless traveling concentrating-apron,
which by the adjustment of this drum may
be maintained sufficiently taut for the proper
performance of its function. This apron is
preferably composed of canton-flannel or
some other suitable fibrous material through
which the air may pass from below when in-
troduced into the chamber 21. The canton-
flannel is preferred, because it has a long nor-

~mally flat lying nap on one side, which is

made the concentrating-surface of the apron.

- Nothing is claimed, broadly, on the nap fea-

50

Go

05

ture in this application, as this feature was

broadly claimed in Patent No. 570,831, dated

November 3, 1896. This apron is supported
on the under side by transverse pieces 30,
preferably composed of metal rods whose ex-
tremities are flattened and riveted to the
apron near its outer edges.
edge of the apronis also made fast a strip 31,
preferably composed of rubber and provided
withtwo flanges31*and 31°, extendingat right
angles to each other. Underneath the apron
and engaging the flattened extremities of the
rods 30 are two strips 32, preferably composed
of leather. These strips or straps are suffi-
ciently flexible and durable. for the purpose.
Rivets 33 are passed through the flanges 31¢
of the rubber straps, the outer edge of the
apron, the flattened extremities of the rods,
and the leather strips 32, whereby these parts
are firmly secured together. The flanges 31°
are of sufficient width to maintain the ore at
a suitable depth on the apron by preventing
it from passing over its edges. The tracks

To the outer

|

alr-tight joint is formed.

- from the left toward the right.

703,356

arranged to engage the leather straps of the
apron and form grooves therein, whereby an
(See Hig. 19.)

At one side of the apron-frame is formed a
box 85, forming an auxiliary air-chamber 34,
having a part 16 of the frame on one side, a
side wall 35* on the opposite side, and top
and bottom walls 36 and 37. The extremities

of this air-chamber are also closed. The wall

70

75

16 of the auxiliary air-chamber is provided

with openings leading into the chamber 21
and in which are inserted the extremities of

transverse pipes 38, whose opposite extremi-

ties are closed by plugs 39, which are made
fast to the ends of the pipes and provided

80

with knobs 40 on the outside, whereby the

pipes may be turned, if desired. These pipes

are provided with openings for the escape of

air. These openings may be of any desired
shape. In IMigs.15 and 17 they are shown as

ordinary perforations, while in Fig. 16 the

openings are elongated. DBy turning these
pipes the air may be delivered to the apron at
any desired angle. If desired, the said pipes
may be continuously rotated. In this event
a pulley 41 may be connected with the ex-
tremity of each pipe.
mounted on the wall of the chamber 34, con-
taining the outlet-openings, are a number of
cut-ofi slides 42, each of which is attached to
an arm 43. 'T'he necessary air for effecting
the concentrating function is conducted from
a blower 46 by way of a flexible conduit 47 to
the auxiliary chamber 34 through an open-
ing 48, formed in the side of the box 35.
The apron-frame is downwardly inclined
(See Figs. 3
and 4.) Kach bar 14 is provided with a stop
14*, against which one extremity of a coil-
spring S bears, the opposite extremity of the
spring being engaged by the shoe 23 of the
apron-frame. The vibratory movement is
imparted to the apron-frame by means of two
pitmen 49, each of which is connected at one
extremity with one of the side pieces 16, as
shown at 50, and at the opposite extremity
with an eccentric on the main operating-shaft
51. One extremity of this shaft 51 is pro-
vided with the usual fast and loose pulleys 52
and 53,which may be connected, by meansof a
belt, with a line-shaft (notshown) orany other
suitable motor for operating the machine.
On the opposite extremity of the shaft 51 is
made fast a large pulley 54, which is connect-
ed, by means of a belt 55, with a small pulley
06 on the blower-shaft, whereby as the shaft
o1 1s rotated a relatively high speed will be
imparted to the blower-shaft. A small pulley
o7, fast onthe shaft 51, is connected, by means
of a belt 58, with a larger pulley 59, fast on a
shaft 60, provided with a conical pulley 61,
connected by a belt 62 with a similar pulley
63, but oppositely arranged. This pulley 63
18 made fast to a shaft 64, journaled in the
framework of the machine. A small pulley
06, fast on the shaft

24 are provided with metal projections 242, | 65 with a larger pulley 67, fast on a shaft 68.

64, is connected by a belt

tle

(See F'ig. 18.) Slidably
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A pinion 69, fast on the shaft 68, meshes with
a larger gear 70, fast on a shaft 71, which is
provided with a pinion 72, meshing with a
larger gear 73 on a shaft 74, provided with a
small sprocket-wheel 75, connected, by means
of a chain 76, with a large sprocket-wheel 77,
fast on the journal of oneof the drums. Itwill
thus be seen that while a rapid movement is
imparted to the blower-shaft a relatively slow
movement is imparted to the apron through
the instrumentality of a system of speed-re-
ducing pulleys, belts, and gears. The speed
of the apron may be regulated by shifting the
belt 62 on the cone-pulleys 61 and 63. This

belt is shifted by means of a screw-shaft 78,

whose extremities are journaled in the sta-
tionary frame. Thisscrew-shaft is threaded
in a nut 79,provided with a depending forked
belt-shifting device 80, which straddles the
belt 62. This screw-shaft 78 is provided with
a crank-wheel at one extremity to facilitate
the turning of the serew-shaft when it is de-
sired to shift the belt. When the belt 62 is
in the position shown in Fig. 2, the shafts 60
and 64 will rotate at the same speed, it being
assumed that the belt engages the two con-
ical pulleys where they are of equal diameters.
Now if the belt be shifted in the direction in-
dicated by the arrow in Fig. 2 the speed of
the apron will be increased, while if the belt
be shifted in the opposite direction the speed
of the apron will be diminished.

There is a beater or whipping device lo-
cated underneath the apron at the head of the
table whose function is the removal of the
concentrates caught by the apron after the lat-
ter passes belowtheair-chamber. Thisbeater,
as shown in the drawings, is composed of a
transverse bar 81,whose extremities are jour-
naled in snitable bearings attached to the side
pieces 16 of the apron-frame. To this barare

‘attached rearwardly-extending slats or pieces

52, to which is secured a device 83, preferably
composed of a number of thicknesses of can-
vas or some other fibrous material. To the
bar 7 at the head of the machine is attached
a forwardly-projecting link 85, pivotally con-
nected with a crank-arm S6, made fast to the
bar 81. Then as the apron -frame vibrates
during the operation of the machine an os-
cillating movement will be imparted to the
beater, when its part 83 is made to strike the
apron from below, thus causing the concen-
trates to drop therefrom.

“When the machine is in use, the blower is
operated atahigh rate of speed and the apron
relatively slowly through the instrumentality
of the mechanism heretofore deseribed. The
aprontravelsupwardlyon the inclined apron-
frame, as indicated by the arrow in Fig. 4.

The material to be treated is fed to the slowly- |

traveling apron in any suitable manner. A
conventional feed-chute is shown in Fig. 3
and designated by the numeral 84. The com-

apron from the chamber 21 the air-jets from
the pipes 38 being delivered directly against

i

]

|

3

the under side of the apron, forees. the air

through the apron and up through the bed of
material on the apron.
18 of less specific gravity than the mineral, is
raised upwardly by the force of the air-pres-

The gangue, which

sure, while the mineral is allowed to settle to
contact with the upper surface of the apron,

which retains it, whereby the mineral values
or concentrates are carried upwardly with
the apron, while the gangune travels down-
wardly and is discharged at the lower ex-

75"

tremity or tail of the machine. The mineral

after passing with the apron over the head-
drum has a tendency to drop and free itself
therefrom; but only a portion of it will be re-
moved by gravity alone.
heretofore described and which aects contin-

ually on theapron during the operation of the-

machine removes the balance of the concen-

trates by repeated upward blows or strokes.

3o

The beater device

Having thus described our invention, what

wo claim 18—

1.3In a dry ore-concentrator, the ecombina-
tion with a suitable stationary frame, of a vi-

alr - chamber, an endless traveling apron
through which the air from the chamber
passes, the apron closing said chamber at the

top, an auxiliary air-chamber arranged in

sultable proximity to the main air-chamber,
means for introducing air under pressure to

the auxiliary chamber, and means for vibrat-

ing the apron-frame.

- 2. In a dry ore-concentrator, the combina-
tion with a stationary frame, of an apron-
frame mounted to vibrate thereon, means for
vibrating the apron-frame, an endless travel-

ing apron mounted on the frame which is

constructed to form an air-chamber beneath

‘the apron which closes the said chamber at

the top, an auxiliary air-chamber mounted
on the apron-frame in proximity to the main
alr-chamber, delivery-pipes communicating
with the auxiliary chamber and projecting
into the main chamber below the apron, the
sald pipes having openings for the escape of
alr to the main chamber, and means for in-
trodueing air under pressure to the auxiliary
air-chamber. | -

5. The combination of an endless traveling
apron constructed to allow an air-blast to
pass therethrough, a vibratory apron-frame
having an air-chamber closed at the top by
the apron, means for vibrating the apron-
frame, an auxiliary air-chamber mounted on
the vibratory frame, means for delivering air
from the auxiliary chamber to the main cham-
ber below the apron, and means for introdue-
ing air under pressure to the auxiliary air-
chamber. | | |

4. The combination of an apron - frame
mounted to vibrate and provided with an air-
chamber, means for vibrating the apron-
frame, an endless traveling apron mounted

90

bratory apron-frame constructed to form an

107

105

110

[I5

I120°

130’

pressed air acting on the under side of the | on the frame and closing the air-chamber at .

the top, the apron being composed of suit-
able material to allow the air to pass there-
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through, an aumhary air-chamber, means for | apron, end drums jour naled in the side pieces

mtroducmﬂ' alr under pressure to said anx-

iliary chamber, and pipes leading from the

auxiliary chamber and provided with open-
ings for the eseape of air below the apron; the
said pipes being rotatable whereby the angle

of the delwered air- Jets may be varled at_

will.

5. Thecombinationwith astationary frame,
of a vibratory apron-frame mounted thereon

and provided with an air-chamber, means for

20

vibrating the apron-frame, an endless travel-
ing apron mounted on said frame and clos-
ing the air-chamber at the top, an auxiliary
air-chamber mounted on the apron-frame,
means for introducing air under pressure to
said auxiliary chamber, outlets from the aux-
iliary chamber f{o the main chamber, and
means for controlling and regulating the exit
of the air from the auxiliary chamber to the

- main chamber.

20

6. Thecombination with g stationaryframe,
of an apron-frame mounted to vibrate thereon,
and provided with an air-chamber, means for
vibrating the apron-frame, an endless travel-
ing apron mounted on the vibratory frame,
the apron being arranged to close the air-
chamber at the top and constructed to allow
air to pass therethrough, an auxiliary air-
chamber provided with outlets to the main
chamber, means connected with the auxiliary

, cha,mber for forcing air thereinto, and slides

35

4.0

45

50

55

6o

located in the auxiliary chamber and adapted
to be actuated from the outside of the cham-
ber, for regulating the escape of air from the
auxiliary to the main chamber:.

7. The combination with a suitable station-

vibrating the last-named frame, longitudinal
bars, means located at the extlemltles of the
bars for adjusting the latter vertically, shoes

attached to the vibratory frame in sliding

engagement with the bars, and buffer—sprm o8
mounted on the bars and engaging one pair
of shoes.

- 8. The combmatlon with a suitable station-

ary frame, having slotted standards mounted

thereon, of longitudinal bars, cross-bars to
which the longitudinal bars are secured,ver-
tlcally-movable boxes in which the er oss-baas
are mounted, the extremities of the cross-bars

protruding into the slots of the standards,

screws connected with the boxes of the cross-
bars, nuts applied to the screws and engag-
ing the top of the standards, a vibratory frame
shdably mounted on the longitudinal bars,
and means for Vlbt‘&tln“‘ said last- named
frame.

9. In a dry ore-coneentrator the combina-
tion with a stationary fra,me, of an apron-
frame mounted to vibrate thereon, means tfor
vibrating the apron-frame and composed of
two sule pieces, cross-pieces connecting the

side pieces, a plate attached to the cross-
‘pieces and forming a bottom for an air-cham-

ber, tracks attached to the side pieces above

beyond the air-chamber, vielding flaps at-
tached to the bottom plate and overlapplnn'
the drums for closing the air-chamber at the
ends, and an endless concenftrating -apron
passing around the end drums and closing
the air-chamber at the top.

10. The combination with a suitable sta-
tionary frame, of an apron-frame mounted to

- vibrate thereon, means forvibrating the last-

named frame, a shaft journaled in the sta-
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tionary frame, pitmen operated from the

shaft and connected with the apron-frame,
drums journaled in the apron-frame at the
extremities of the air-chamber and around
which the apron passes, a blower connected
with the air-chamber to deliver air thereto,
an operating-shaft, a connection between szud
shaft and the blower for operating the latter
at a high rate of speed, and a speed-reducing

connection between the operating-shaft and

one of the end drums for operating the apron
at a comparatively lower rate of speed.

11. The combination with a suitable sta-
tionary frame, of a vibratory frame mounted
thereon, means for vibrating the last-named
frame, and provided with an air-chamber,
drums journaled in the frame at the ends of

the air-chamber, an endless traveling apron

passing around the drums and closing the air-
chamber at the top, a blower, a flexible con-
nection between the blower and the air-cham-
ber, an operating-shaft, a connection between

| said shaft and blower for operating the blower

at a high rate of speed, and a speed-reducing
and speed-l egulating connection between the

| shaft and one of the end drums for operating
ary frame, of a vibratory frame, means for |

the apron, said connection including two op-
positely-arranged conical pulleys, a belt con-
necting said pulleys and suitable means for
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shlftmfj' the belt on the pulleys and maintain-

ing it in the adjusted position.

- 12. The combination of a stationary frame,
an apron-frame mounted to vibrate thereon
and provided with an air-chamber, means for
vibrating the apron-frame, end drums jour-
naled in the frame, yielding flaps attached to
the extremities of the air-chamber bottom and

IIO
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engaging the drums to c¢lose the air-chamber .

at the ends, and an endless traveling belt or

' apron engaging the drums and closing the

air-chamber at the top, said apron being com-
posed of material adapted to allow air under
pressure to pass therethrough from the air-
chamber below. |
13. In adry ore-concentirator, the combma-
tion with an air-chamber, of an endless apron
arranged to close said chamber at the top,
said apron comprising a body part of fibrous

| or other material adapted to allow air to pass

therethrough under pressure, rubber strips
attached to the edges of the apron, each of
said strips having two flanges extending ap-

-proximately at right angles to each other, one

of which flanges projects above the concen-
trating-surface of the apron and maintains

the bottom and forming a suppmt for the | the ore thereon, the other flange being se-
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cured to the edge of the apron, rods or rein- | travel for the purpose of removing its con

foreing-pieces extending transversely -across

the apron on its inner surface, their extremi- |

ties being attached to the outer edges of the
apron, and strapscomposed of leather or other

suitable material attached to the edges of the

apron on 1ts inner surfaces.

14. In a dry ore-concentrator,the combina-
tion with a stationary frame, an apron-frame
mounted to vibrate thereon, means for vi-

brating the apron-frame, an endless traveling

apron mounted on the last-named frame, and
an oscillatory beater deviceengaging the con-

centrating -surface of the apron during its
rearward travel, to remove the concentrates,

sald device being mounted on the vibratory

frame, and a stationary part with which a

part of the said device is connected for oper-
ating purposes.

15. In adry ore-concentrator, the combina-
tion with a stationary frame, of an apron-
frame mounted to vibrate thereon, means for

vibrating the apron-frame, an endless travel-

ing apron mounted on said last-named frame,
a beater arranged to engage the concentrat-

ing-surface of the apron during its rearward |

-

centrates, sald device including a transverse
bar pivotally connected with the vibratory
frame, a crank-arm attached to said bar, and

a link attached to the stationary frame and

connected with the arm of the beater-bar for
operating purposes.

16. In a dry ore-concentrator, the combina-
tion with a stationary frame, an apron-frame
mounted to vibrate thereon, means for vi-
brating the apron-frame, an endless traveling
apron mounted on the last-named frame, and

an oscillatory beater device engaging the con-

centrating -surface of the apron during its
rearward travel, to remove the concentrates,
sald device being mounted on the vibratory
frame, and suitable means for operating the
beater device.

In testimony whereof we affix our signa-

tures 1n presence of two witnesses.

ROBERT E. WAUGIL
EUGENE WAUGH.

- Witnhesses:
D. C. SHICK,

MARY C. LLAMB.
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