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g ED STATES 

1,663,173 
PATENT OFFICE. 

LOUIS E. W. PIODA, OF SAN FRANCISCO, CALIFORNIA. 
PROCESS OF AND APPARATUS FOR CONTROLLING THE MOVEMENT OF MASSES OF 

SOLIDS OF WARIOUS SIZES. 

Application filed December 26, 1923. Serial No. 682,702. 

The invention relates to a process of and 
an apparatus for controlling the movement 
of masses of solids of various sizes to pre 
serve the uniformity of the mass. , 
An object of the invention is to provide a 

process of controlling the movement of 
masses of solids of various sizes to prevent. 
segregation of the particles or pieces form 
ing the mass in accordance with their vari 
ation in size. . . . 
Another object of the invention is to pro 

vide a process of controlling the discharge 
of a mass of solids of various sizes from a 
container so that the solids will discharge 
from the container in a uniform mixture and 
in a uniform volume. A further object of the invention is to 
provide an apparatus for controlling the 
movements of masses of solids of various 
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sizes to prevent segregation of the particle: 
or pieces in accordance with the relative 
size thereof. - 
The invention possesses other advanta 

geous features, some of which with the fore 
going will be set forth at length in the fol 
lowing description, where I shall outline in 
full one form of the process of my invention 
and that form of the apparatus which have 
selected for illustration in the drawings ac 
companying and forming part of the present 
specification. In said drawings I have shown 
two forms of apparatus embodying my in 
vention, but it is to be understood that I 
do not limit myself to such forms, since the 
invention, as set forth in the claims, may 
be embodied in a plurality of other forms. 
The invention is applicable to the control 

of the movement of solids of various sizes 
and is not limited to use in connection with 
any particular solids or in any particular in 
dustry. In many industries, masses of solids 
of various sizes and particularly finely-divid 
ed solids, are stored in bins or containers 
from which they flow by gravity to other 
devices for further treatment. These bins 
are usually provided with sloping bottoms 
which are designed to discharge by gravity 
as much of their contents through the dis 
charge aperture situated at the center of 
and at the lowest point of the bottom, as is 
possible. These bins are frequently cylin. 
drical in shape and the bottoms are conical 
in shape and such bins are usually referred 
to as hopper-bottomed bins. The bins, how 

ever, are frequently square or rectangular 
and are provided with flat bottoms. - 
The Solids of various sizes are delivered 

into these bins at the top, either from con 
Yeyors, conduits, spouts or other devices. As 
the material is delivered into the bin, the discharge outlet of the bin being closed, the 
laterial builds up in a cone, the larger par 

ticles or pieces in the mass of solids move 

Smaller and finer pieces tend to lodge where deposited and build up in the center of the 
bin, So that there is provided within the bin, a Segregation of the particles in accordance 
With their size, the coarser particles accumu 
lating adjacent the sides of the bin and the 
finer particles accumulating adjacent the 
center of the bin. When the discharge out 
let in the center of the bottom is opened, the 
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outward toward the sides of the bin and the 
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finer particles are discharged first, from the 
bottom up through the center, in the form 
of an inverted cone in the bin. The finer particles, which are disposed adjacent the 
center of the bin thus discharge first, form 
ing the inverted cone, and the coarser solids 
which are disposed adjacent the sides of the 
bin, as the support is withdrawn, move into 
the inverted cone area, and discharge last. 
Thus, the material which discharges from 
the bin when the outlet is first opened, is of 
different character than the material which 

a discharge of uniform mixture. Further, after the discharge starts, interruptions in 
the flow occur; the material may pack and 
core, causing it to cease flowing entirely, it 
may break down slowly, producing a de 
creased discharge, it may break down in 
larger masses, causing an increased dis 
charge, and after the inverted cone is formed 
it may avalanche into the inverted cone, 
causing a variation in the rate of discharge. 
The material discharged from the bin is 
usually fed to another device for further 
treatment and this other device is designed 
to handle material fed to it in uniform mix 
ture and at a uniform rate, and when the 
mixture or the rate varies, the device be 
comes inefficient in performing its proper 
function. When the discharge outlet is first 
opened the device is fed with fine solids and 
subsequently with coarser solids, and during 

5 

SO 

- - - . l, 85 

Subsequently discharges, so that there is not 
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the feeding the rate of feed is varied due to 
the variation in the discharge rate from the 
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1,668,178 
walls and the finer particles from adjacent 
the center of the bin and this mixture re 
mains substantially constant during the dis 
charge of the bin. The plate also acts to 
intercept the avalanches of the material So 
that the material not only discharges in a 
uniform mixture but also discharges at a 
uniform rate. When the fineness of the ma 
terial warrants it, means are also provided 
for releasing entrapped air from the mass of 
solids, before the air reaches the discharge 
outlet, so that an irregular discharge of the 
material, due to the 
air, is obviated. . Referring to the drawings:- 

Figure 1 is a vertical section through a 
hopper-bottomed bin provided with the de 
vice of my invention. 

Figure 2 is a cross section of the bin taken 
online 2-2, Figure 1. 

Figure 3 is an elevation of the bin being 
filled with a mass of solids of varying size, 

presence of entrapped 

the relative. size of the solids being exag 
gerated. 

Figure 4 is a similar view showing the 
formation of a void or core in the mass of 
solids after the discharge has been opened, 
as it occurs when no control device is used, 
causing irregularity and often stoppage of 

2: the discharge. 
Figure 5 is a similar view of the condition 

of the discharge when no packing of the ma 
terial is taking place. Figure 6 is a similar view showing a bin 
equipped with my invention and indicating 
the discharge of the mass of solids there 
from, the sizes of the particles being exag 
gerated to more clearly disclose the opera 
tion of the device. 

Figure 7 is an end elevation of a type of 
bin for containing and discharging solids 
which are of sufficient size and character to 
arch over in the bin. 

Figure 8 is a side elevation of the bin 
shown in Figure 7, and 

Figure 9 is a cross section of the bin taken 
on the line 9-9, Figure 8. 

Referring particularly to Figure 3, it will 
be seen that as the stream of solids of va 
rious sizes is discharged into the bin through 
the conduit 2, that the solids build up in a 
cone in the bin and that the larger solids 3 
congregate adjacent the side walls of the bin 
and that the finer solids 4 remain at the 
center of the bin. This condition occurs 
whenever a mass of solids of various sizes 
are discharged into a bin or container or 
other form of support. When the dischage 
outlet 5 is opened the material begins to dis 
charge from the center of the bin, causing 
the finer particles to discharge first. This 
causes the formation of a core or void in 
the shape of an inverted cone in the material 
within the bin and as the support of the 

coarser material adjacent the sides of the 
bin is diminished, such material moves in 
masses into the inverted cone area. This 
produces an irregular discharge of the ma 
terial, the fine materials discharging first 
and the mixture gradually becoming more 

inverted cone has been coarse after the 
formed. These avalanches of material cause 
the entrapment of air pockets in the mass 
and these air pockets, in passing through the 
outlet 5, cause irregularity in the rate of 
flow of the material. In accordance with 
my invention I arrange a plate 6 in the bin 
7 and spaced above the discharge outlet 5 so 
that the material in discharging from the 
bin discharges in an annular zone surround 
ing the center of the bin, so that the fine. 
and coarse particles discharge together as is 
shown in Figure 6, thereby producing a 
uniform mixture of the discharging mate 
rial. This material may discharge directly 
to the mill or kiln or may discharge onto a 
Eyey, which carries it to the mill or 
ll. 

in shape for cylindrical bins or square, rec 
tangular or irregular for square, rectangular 
or irregular bins, and is supported by the 
legs 9 on the hopper bottom 8, but it may 
be made of any desired shape, that is, either 
spherical or conical, and may be provided 
with saw-tooth or scalloped edges or may 
be otherwise varied to control the discharge 
of the material from the bin. 

material and prevent the air pockets from causing irregularity of discharge, I provide 
means for venting the air from the material. 
Arranged in the bin and extending through 
and opening on the under side of the plate 

The plate 6 is preferably circular 
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In order to relieve the air entrapped in the 
} {}() 

6 is a pipe or conduit 12 through which the 
air entrapped in the material discharges 
when the air is carried by the material be 
low the edge of the plate. The other end 
of the pipe 12 is open and is spaced from 
the material-containing space in the bin so 
that air may always freely discharge there 
from. I prefer to arrange a hood 13 over 
the open end of the pipe 12, or in other ways 
cover the opening, to defect the material 
and air back into the bin and to prevent ma 
terial introduced into the bin from entering 
the pipe. 
I have devised a process of manufactur 

ing cement from a submerged deposit of 
shells and clay and this material is extreme 
ly difficult to handle in bins on account of 
the tendency of the shell to lodge and pack 
therein. The mixture of shells and clay will 
not discharge from an ordinary bin but will 
pack so solidly therein that it is extremely 
difficult to remove. To overcome this diffi 
culty and to facilitate the handling of the mix 
ture of shells and clay or of shells alone, I 
have provided the bin shown in Figures 7, 8 
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and 9. This bin is designed not only to cause 
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a discharge of the mixture of shells and clay 
but also to cause the discharge of the mix 
ture at a uniform rate and as a substantially 
uniform mixture. This bin is provided with 
inclined-bottom Walls 14 and 15, and means 
are provided for sliding these walls upward 
to open the bottom of the bin for increasing 
distances to permit the material therein to 
discharge. The inclined walls 14 and E5 are 
provided on their lower ends at the edges 
of the walls with extensions 16 which bear 
on rollers 17 disposed below the bin. The 
walls 14 and 15 are provided with racks 
18 which are engaged by gears 19, which 
support the upper ends of the walls and 
serve to move the walls in the direction of 

Means are provided for their inclination. 
rotating the gears 19 simultaneously to cause 
both of the inclined-bottom walls to be 
raised simultaneously to open the bottom of 

2. 5. 

the bin and the material discharges through 
3. 
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the bin. Arranged within the bin above the 
point of juncture of the inclined walls is a 
plate 21 which serves the same function as 
the plate 6. When it is desired to discharge 
the material from the bin the bottom walls 
are moved upwardly to open the bottom of 

the outlet thus formed. The plate 21 pre 
vents the finer material from the center of 
the bin from discharging first and causes 
the material to be discharged in a uniform 
mixture. The bottom walls 14 and 15 are 
gradually raised to increase the size of the . 
discharge opening to insure the discharge of 
all of the material from the bin. The side 
walls 22 of the bin are preferably inclined 
inwardly so that the tendency of the shells 
to arch is obviated, thereby insuring the 
discharge of all of the shells from the bin. 

1,663,173. 

I claim: . . 
1. The process of controlling the gravital 

movement of a mass of relatively finely di 
vided solids of various sizes from a con 
tainer through a discharge outlet in the bot 
tom thereof in which movement pockets of 

4. 

air are entrapped in the mass in the con 
tainer, which comprises venting the en 
trapped air from the mass before the air 
pocket reaches the discharge outlet. . 

2. The combination with a container 
adapted to contain solids of various sizes 
and having a discharge outlet at the bottom 
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thereof, of a plate arranged in the container 
above said outlet to cause the material to 
discharge in a uniform mixture and a pipe 
opening on the under side of the plate and 
through which trapped air may be dis charged. 

3. The combination. With a container 
adapted to contain solids of various sizes 
and having a discharge outlet at the bottom 
thereof, of a plate arranged in the container 
discharge in a uniform mixture and an open 
conduit connected to and opening on the 
under side of the plate, and having its other 
end spaced from the space in the container 
occupied by the material. 

4. The process of producing the uniform 
flow of finely divided cement making mate 
rial through a cement mill which comprises 
flowing the material through containers and 
treatment apparatus in series and causing 
the material to discharge from the containers 
in a uniform mixture and at a uniform rate. 

In testimony whereof, I have hereunto set 
my hand. 

LOUISE. W. PIODA. 
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above said outlet to cause the material to 
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