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The invention relates to a process of .and

an apparatus for controiling the movement

of masses of solids of various sizes to pre-
gerve the uniformity of the mass.
J

An object of the invention 1s to provide a

proeess 01 controlling the movement of
various sizes to prevent
segregation of the particles or pieces iorm- Ir
‘ticles ‘or pieces in the -mass of solids move
outward toward the sides of the bin and the
smaller and finer pieces tend to lodge ‘where 65
deposited and build up in the center of the
bin, so that there is provided within the bin, -

ing the mass in accordance with their vari-
ation 1n size. - A

~ Another object of th’e"i:tﬁr_éﬂﬁdilis 1o Pfo-v
vide a process of controlling the discharge

 of 5 mass of solids of various sizes irom a

13

R,
)
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possible.

"~ movements of masses ol solids
segregation of the particles
or pieces in accordance with the relative

container so that the solids will discharge

from the container in a unitorm mixture and
in a uniform volume. .- .
A further object of the invention 1s %o
provide an apparatus
of various

sizes to prevent

size thereof. I _ o
The invention possesses other. advanta-

“geous features, some of which with the fore-

going will be set forth at length in the fol-

Towing description, where 1 shall outline 1
£ull one form of the process of my invention
and that form of the apparatus which 1 have
celected for illustration in the drawings ac-
companying and forming part of the present
~ specification.

In said drawings I have shown

two forms of apparatus embody
vention, but it is to be understood

“The invention is applicable to the control

of the movement of solids of various sizes
and is not limited to use 1n connection with
any particular solids

or in any particular in-
dustry. In many industries,
of various sizes and particularly
ed solids, are stored in bins or

finely-divid-
“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 hottom, as 1s
These bins are frequently cylin--

drical in shape and the bottoms are conica

in shape and such bins are usually referred
to as hopper-bottomed bins. The bins, how-

for controlling the

iﬂg my 1n-
that 1
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.

masses of solids

opened the device 18 _
1 subsequently with coarser solids, and during
" the feeding the rate of feed is varied due to .
‘the variation in the discharge rate from the -

~The solids of various sizes are d

ever, are frequently square or- rectangular 55
and are provided with flat bottoms.
_. ds es are delivered
~ into these bins at the top, either from con-
‘veyors, condults, spouts or other devices. :As
the material is delivered into the bin, ‘the 60
“discharge ‘outlet -of the bin being closed, the-

material builds up in 2 cone, the larger par-

‘a segregation of the particles 1n-accordance
‘with their size, the coarser particles accUumu- .
lating -adjacent the sides of the bin-and the
ner particles accumulating adjacent the
‘center of the bin. When the discharge out-
let in the center of the bottom is opened, the
finer particles are discharged first, from the
‘bottom up through the center, in the form
of an inverted cone in the bm. 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

70

g0

bin, -as the support is withdrawn, move into

the inverted cone area and discharge last.
hus - the material whic discharges from

the bin when the outlet is first-opened, is of |

different character than the material which

the flow occur; the material may pack and
core, causing it to cease flowing entirely, it

larger masses, causing an increased -dis-

charge, and after the inverted cone is formed

it may avalanche into the inverted cone,

subsequently discharges, so that there is not
a discharge of uniform mixture. KFurther,
after the discharge starts, interruptions in.

 to cea _ 20
may break down slowly, producing a de-
creased discharge, it may break down In

- . - L . [ ' .. 95 .
-_causl-ng;-a.-Varmt.lon in the rate of discharge.
The material discharged irom the bin 1s
usually fed to another device for- further

{reatment and this other device is designed

to handle material fed to 1t in uniform mix-

100

ture and at ‘@ uniform rate, and when the
mixture or the rate varies, the device be-

function. When the
fed with fine solids and

comes inefficient in performing 1its proper
discharge outlet 1s first
105 .
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L | 0

bin, requiring corresponding adjustments of

";'the_ device. This condition is particularly
- disadvantageous in the cement industry

~wherein a large volume of material must be

discharged into and released from bins and

~ other containers and through many devices,
- the ultumate object being to produce a finely
- ~divided homogeneous mixture as nearly uni--

- form in chemical and physical condition as

- 0

15

possible. In this industry, in a typical dry
process plant, as an example, the limestone
- content, after being crushed, is passed from-
the rock storage into drier bins whence it
- passes -through the drier to the ball mill
bins.  From the ball mill bins the material
passes. through the ball mills to the granu-

e lated limestone bins. From these bins it

passes to the weighing machine bins, and

"~ thence. through the weighing machine to the

miximge machine, where it is mixed with the
 clay, thence as a mixture to the tube mill
~bins.” The clay discharges from drier bins

and pases’ through the drier into ball mill
“ bins whence it passes through the ball mills
5 to the granulated clay bins, and ‘thence to.
the weighing machine bins, ‘through the

- weighing machines to the mixing machines,

~ thence as a mixture to the tube mill bins.
- From the tube mill bins the mixture passes
‘through the tube mills to the raw storage
-mi1x bins, thence to the kiln bins and thence

. to the kiln where it is burned to variable

- sized clinker, which passes to clinker storage.

~ From the clinker storage the clinker passes

!
21

to the clinker weighing machine bins, thence

- through the weighing machine with added
. gypsum to the ball mill bins, thence through
- the ball mills to the tube mill bing and thence

- through the tube mills to cement storage and

the.packing bins and packing machines. It
- 1s manifest therefore that the control of the
- movement of the large volume of material

- for uniformity, homogenity and regularity,

~which is dependent upon the discharge from
the bins, 1s of the utmost importance in the

. 45

cement imdustry and a most important fac-

‘tor in the efficient operation of the cement

_ plant. At the present time, this necessitates
the attention of a large force of men at the

50

various bins who follow the flow of the ma-

terial and endeavor to maintain a substan-
- tially constant rate of discharge from the

~  bins. - Even with such attention, however,

55

- mill, such as a tube mill or ball mill, is ir-
‘regular, frequent adjustments in the opera-
tion of the mill are necessary in order to
make it function properly on the irregular

60

~they are unable to control the release of the
P 1s discharged regularly
and uniformly. -~ T

material so that it

If the speed of the material through a

- character and supply of the material.

- When the material consists of fine particles,
1t will run freely and flood the mill, and
~when 1t consists of coarser particles it moves

B
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1more slowly, arches, congests in the bins and

slows up the mill production. In the dis-

charge of fine material from bins, after the

inverted cone has been formed ih the mate-

rial, the material avalanches and cascades

1nto the space so formed, entrapping pockets
of air in the mass, which are carried down
and discharged through the outlet, causing

(irregularity in the rate of discharge through
the outlet. ‘This irregular discharge of the

material through the outlet is disadvantage-

ous, since it prevents uniform-release of the

material.

kiln, variations in the movement occuring,

~coring, arching, slowing and flooding taking

Similar conditions exist when
sich material is fed from a bin into-a rotary -

place 1n the bin, causing corresponding con-

waste of fuel,”irregularity in the quantity

duction, frequent adjustments ‘1In ‘operation

ditions in the kiln, which entail irregular

- operation of the kiln, causing loss of time,
-85

and quality of clinker burned, decreased pro-

ot the kiln and burners and excessive wear -

of kiln lining.- Control of the movement of

solids of various sizes to produce the dis- 90

charge of a uniform mixture at a uniform
rate 1s therefore most important. In the
manufacture of cement, it is important to
malatain a uniform distribution of the finer

‘particles throughout the raw mix, since in
burning, the fine material, acting as a flux,

reduces the temperature necessary to clink-
ering and consequently decreases the tem-

perature necessary to produce cement.
 In accordance with my mvention I have

provided means for causin g the material to
cischarge from the bin in a uniform mix- -
ture and at a uniform rate, so that the feed

to the mills, kilns or other devices is uni-

form.” This obviates the necessity of em-
ploying a large number of men in an en-

deavor to regulate.the movement, eliminates
the necessity of continual adjustments of

the mills to accommodate the vVarying move-

ment and varying character of the material

and . eliminates the necessity of constant

alertness at the kilns to vary the speed of the

110

kilns and the amount of fire, to prevent

Hlooding the kilns or burning out the lining.,
In accordance with my invention I provide
In each bin, adjacent the outlet therefrom,

115

means for causing the material to discharge
from the bin in a uniform mixture, and at

a uniform rate. This means preferably

comprises a metallic plate or deflector ar-
ranged in the bin, and is preferably placed

120

directly over and spaced from the discharge

outlet 1n such a manner as not to restrict the

discharge capacity of the bin and/or out--

let, and so that the material passing to the
outlet 15 drawn from a zone disposed be-
‘tween the side walls and the center of the
~bin.  In this way the material passing to

the outlet consists of a mixture of the
coarser particles from adjacent the  side

to-

-

125

130



 walls and the finer -pa;rticles_'froml ad) aCent _

...15663;1'73'. |

 the center of the bin -and this mixture re-

mains substantially constant during the dis-
charge -of the bin. The
intercept the -avalanches of the material so

that the material not only discharges in a

uniform mixture but also discharges at 2

10

~ material, due-to the

. Befer-r_ing- _t() the _d:ra,wings_':—_— :

uniform rate. When the fineness of the ma-

terial warrants 1t, means are also provided

solids, before the air reaches the discharge

outlet, so that an irregular discharge of -the-
presence of entrapped

air,-is -obviated.

- *

 Figure 1 is a vertical section through a
- h9ppe1‘--bott0med ‘bin provided with the. de-_-- _

- vice "Of';my",il’lVGIltiOIl;-'7 S

" filled with a mass of solids of varying size,
the relative.size of the solids being exag-.

 Figure 4 1s

Figure 2 is a cross section of the bin taken

on line 2—2, Figure 1. -

Figure 8 is an elevation of the bin being

gerated.

 formation of a void or core 1n the mass of

" as it occurs when no control device 1s

0

solids after the discharge

causing irregularity and often stoppage of

the discharge. -'

~ TFigure 5 is a similar view of the condition

of the discharge when no packing of the ma-
terial is taking place. - '
o similar view showing a bin

Figure 6 1s

equipped with my invention and indicating
the discharge of the mass of solids there-

from, the sizes of the particles being exag-

serated to more clearly disclose the opera-

t1on of the device.

40

50

‘be seen that as

‘and that the finer
center of the bin. This condition occurs

Figure 7 is an end elevation of a typé of

bin for containing and discharging solids
which are of sufflicient size and character to

arch over in the bin.

Rigure 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, Kigure 8.
 Referring particularly to Figure 3, 1t will
_ 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 _
solids 4 remain at the

~ whenever a mass of solids of various sizes

60

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. vold in

the shape of an inverted cone in the material

within the bin and as the support of the

plate also acts to

for releasing entrapped air from the mass of

my

a similar view showingthe

has been opened,
used, .

the side walls of the bin

' coarser: mﬁt_eriai -, éﬁ'dj a’;ient*ﬁ' %the-"-;_"sid_e'.sf of t{héf '65 | | 3

bin is diminished, such material moves 1n

produces an irregular discharge of thema-

terial, the fine materials discharging ‘first

“and the mixture gradually becoming more
coarse after the inverted cone has ‘been

70 -

formed. These avalanches ot material cause

the entrapment of air-pockets inthe mass

~and these air pockets, in passing through the
outlet 5, cause irregularity in the rate ‘of

flow of the material. In accordance with

) "

invention 1

" that the material in discharging from the

bin discharges in an annular zone surround-

_ arrange a plate 6 in the bin
- 7 and spaced above the discharge outlet 5:s0

80
ing the center:of the bin, so that the fine.
~ and coarse particles discharge together asis
shown in Tigure 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.
conveyor which carries 1t to ‘the: mill or
“kiln. The plate 6 1s: preferably circular
in shape for ¢ylindricdl bins or square, rec-
tangular or irregular for square, rectangular

90

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 otherwice varied to control the:discharge

" of the material from the bin.

material and

" In order to relieve the air entrapped in the = -
prevent the air pockets from
causing irregularity of discharge, I provide 100.

‘means for venting the air from the material.

Arranged in the bin and extending through |

" and opening on the under side of the plate
or conduit 12 through which the *105 o

6 is a pipe
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

110

the open end of the pipe 12, or in other ways .

cover the opening, to deflect the material
and air back into the bin and to prevent ma-

terial introduced into the bin from entermng

the pipe.
-X have

shells and clay and this material 1s extreme-

therein.  The mixture of shells and clay will

_ devised a process of manufactur- .
ing cement from a submerged deposit of

115

ly difficult to handle in bins on account of 120

the tendency of the shell to lodge and pack

not discharge from an ordinary bin but will

pack so solidly therein that 1t 1s 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

S
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~and9. This bin is designed not only to cause.

o discharge of the mixture of shells and clay

but also to cause the discharge of the mix-

‘ture at a uniiorm rate and as a substantially
“unitorm mixture. This bin is provided with

- inclined-bottom walls 14 and 15, and means

;"!ﬂ

~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 15 are

provided on their-lower ends at the eﬁdge-i‘i

- of the walls with extensions 16 which bear
~on rollers 17 disposed below the bin. The )

BN

- 20

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
‘their inclination. Means are provided for -
rotating the gears 19 stmultaneously to cause

both of the inclined-bottom walls to be _ _
adapted to contain solids of various. sizes

- rased simultaneously to open the bottom of

- the bin.  Arranged within the bin ‘above the
- point of juncture of the inclined walls 18 a
~ plate 21 which serves the same function as
23 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

o the bin and the material discharges through
the outlet thus formed. The plate 21 pre-

__40

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 hottom walls 14 and 15 are
~gradually raised to increase the size of the -
5 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 1s obviated, thereby insuring the
-discharge of all of the shells from the bin.”

- 4. The

1‘-,‘6635173 o

Telaim:.

1. The process of controlling the gravital
‘movement of a mass of relatively finely di-

vided solids of wvarious sizes from a con- =~

2. The  combination - with a container
adapted to contain solids of varlous sizes
and having a discharge outlet at the bottom. -
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 dlS— e

charged. . =~ L
3. The combination with a container

occupied by the material. =

flow of finely divided cement making mate-

rial through a cement mill which comprises

fiowing 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 havefhereuxito set
my hand. SR

tainer through a discharge outlet in the bot- 45
tom thereof in which movement pockets of
air are entrapped in the mass in the con- SR
tainer, which comprises venting the en-
trapped air from the mass before the air
“pocket. reaches the discharge outlet. . 50

and having a discharge outlet at the bottom e
thereof, of a plate arranged in the container
above said outlet to cause the material to
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 .

65

process of pI‘OduCingqthe uniform- ’FO |
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