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[57] ABS'I‘IRACTv 

An apparatus for initiating and facilitating sliding of material 
along a sloping bottom comprises upper and lower members 
secured on opposite sides of the bottom and covering an open 
ing provided therein, the upper member being a gas-permea 
ble member. A sound transmitter carried by the lower 
member opens into a chamber formed by the two members 
and is directed towards the gas-permeable upper member. The 
bottom provides together with the elements thus supported 
thereby a vibrationable unit and forms a ?xedly mounted 
diaphragm thereof in order to vibrate when material sup 
ported by the bottom is activated. by sound oscillations 
produced by the sound transmitter. 

7 Claims, 2 Drawing Figures 
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APPARATUS UTILIZING SONIC VIBRATIONS T0 
lFACllLlTATE TlhlE MOVEMENT 0E" PARTTCULATE 

MATERIAL ALONG A SLOPING SURFACE 
This invention relates to an apparatus for initiating and 

facilitating sliding of material along an, essentially plane slop 
ing surface. 

in containers intended for storage of pulverulent, granular 
or viscous material it is as a rule advisable to empty the materi 
als by letting them slide downwards along a sloping bottom or 
bottom portion (sloping conveying plate) under the action of 
gravity only. The same method is applied in principle in many 
cases for conveying materials from a container down into a 
well or chute or an opening of a relatively small cross-sec 
tional area. ' 

For economical reasons it is intended not to give the sloping 
bottom, or the sloping bottom portions greater inclination 
than necessary, since the space beneath the bottom or the bot 
tom portions may very seldom be used for useful purposes. It 
is, however, necessary to pay due attention to the fact that the 
slope must be sufficient in order that the materials may not get 
stuck on account of their adhesion to the bottom portions or 
for other reasons. 
A known method of preventing such difficulties is to impart 

vibrations to the bottom or to a part thereof. For that purpose 
it is possible to provide suf?cient amplitudes for instance by 
striking the bottom with a hammer or by using continuously 
operating mechanical vibrators. Another method is to blow air 
or another gas into the materials, generally from beneath, so 
that they are loosened and consequently more easily movable 
(?uidized). The latter method is efficient in particular when it 
is important to keep the materials easily movable within rela 
tively limited zones, for instance around the outlet opening in 
transport containers. For bigger containers of the silo type 
there would be required considerable quantities of air or other 
gases in order to provide su?icient mobility along the large 
surfaces of which the sloping bottom portions consist. 
Furthermore, it would entail considerable dif?culties and 
costs to make these surfaces or the greater part thereof perme 
able in the required manner, i.e., with very closely spaced 
openings, for instance by means of porous bottom plates, cloth 
or the like, since the weight of the quantity of materials stored 
in the container places great demands on the strength of the 
bottom. 
The present invention relates to an apparatus for initiating 

and facilitating the sliding of materials along an essentially 
plane sloping bottom or one or more essentially plane portions 
of a bottom, said apparatus combining a relatively simple con 
struction and the property of bringing about an ef?cient 
loosening or ?uidizing effect on the material carried by the 
bottom, over a large surface without considerable consump 
tion of air. For this purpose, there is provided an apparatus 
utilizing on one hand the loosening or ?uidizing e?ect of a gas 
pressed into the materials, preferably air, which is vibrated at 
sound frequency by means of a sound transmitter, and on the 
other hand the reaction of the pressure variations generated 
thereby when the gas ?ow thus vibrating is pressed into the 
materials through the gas permeable bottom portion, which 
must of course be so strong and of such a construction that it 
will withstand the high-static pressure generated by the 
materials located on top of the bottom. The vibrations, which 
appear as pressure variations, are attenuated during the ?ow 
ing of the gas through the material and are transformed into 
kinetic energy in the various material particles, which are thus 
more easily separated from each other as well as from the sur 
rounding walls. 
According to the invention there is provided an apparatus 

for initiating and facilitating the sliding of materials along an 
essentially plane sloping bottom, wherein there is a cap rigidly 
?xed to the underside of the bottom and carried thereby, said 
cap being disposed over an opening provided in the bottom 
spaced from the defining margins thereof, said opening being 
covered on the top of the bottom by a gas permeable bottom 
member which together with the cap de?nes a chamber into 
which there opens a sound transmitter carried by the cap and 
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2 
directed towards the gas permeable bottom member, said 
transmitter being intended to activate the materials on the 
bottom by loosening them and activating said materials by 
means of sound oscillations from the sound transmitter, and 
wherein said cap provides together with the bottom a vibra 
tionable unit, said bottom forming a ?xedly mounted 
diaphragm. ~ 

Further objects and advantages of the invention will be 
described in greater detail in the following with reference to 
the accompanying drawings, in which 

FIG. 1 is a vertical sectional view‘of a container of materials 
having a sloping bottom and embodying the apparatus accord 
ing to the invention, the members covering the opening in the 
bottom, the permeable bottom portion, and the cap with the 
sound transmitter being shown in side view; and 

FIG. 2 is a fragmentary plan view of the bottom portion of 
the container. 
The container shown in the drawings comprises sidewalls l0 

and an essentially plane sloping bottom (or bottom portion) 
11 as well as a discharge opening ~12 located below and is 
presupposed to be ?lled with a pulverulent, granular or 
viscous material which is indicated at 13. In the bottom (the 
sloping conveying plate) 111 which slopes towards the 
discharge opening 12 there is provided a circular opening 
which is covered on the underside of the bottom with a 
frustoconical outer cap 14 disposed as an outer lid or cover 
over the opening, and on the top of the bottom with a bottom 
member made as a gas-permeable frustoconical inner cap 15, 
said caps de?ning a space between them and being ?xed to the 
bottom by means of clamping rings 16 and 17 having the same 
diameter and being clamped opposite each other at opposite 
sides of the bottom lll concentrically with the opening by 
means of a screw and bolt connection 18, so that the caps 
together with the bottom form a mechanically stable 
homogeneous construction. On the outer cap 14 a pipe stub 
19 is ?xed with one of its ends, and the interior of said pipe 
stub is in communication with the space de?ned by the caps 
14 and 15 through the end of the pipe stub connected with the 
outer cap, while the other end of the pipe stub is closed by 
means of an end plate 20 carrying a sound transmitter of the 
pneumatic siren type having a diaphragm valve housing 21 
located on the outside of the end plate 20 and a resonator 
horn 22 located inside the pipe stubil9, said horn having its 
opening directed towards the end of the pipe stub 19 which is 
connected with the outer cap 17. To the diaphragm valve 
housing 21 there is connected a line 23 for supplying gas 
under pressure (generally compressed air) which is used for 
operating the sound transmitter. This. gas is supplied to the 
space de?ned by the outer cap 14, the inner cap 15, the pipe 
stub 19 and the end plate 20 and having a vide discharge sur 
face formed by the mantle surface of the frustoconical inner 
cap 15. For that purpose the inner cap consists of a number of 
bars (not shown) which are ?xed to the clamping ring T7 and a 
ring 24 concentrical therewith and being of minor diameter 
and extending along the generatrix between these two rings, 
and a gas-permeable cloth 25, for instance or Perlon, covering 
and resting on the bars. The bars are preferably sewn into the 
cloth. The ring 24 is covered by a tightly sealing lid 26 which is 
?xed by means of screw and bolt connections 27. The struc 
ture of the gas permeable inner cap 15 is of such a kind and of 
such dimensions that neither the cloth nor the bars are sub 
jected to greater stresses than can be received and carried by 
these elements. This is made possible by relatively weak 
dimensions, largely thanks to the conical shape of the inner 
cap. Of course, the inner cap may have another shape, e.g., 
spherical, but in that case the manufacture thereof will 
become more complicated. 
The space defined by the caps 14 and TS forms an expan 

sion volume for the vibrating gas ?ow which is discharged by 
the sound transmitter 21, 22 through the resonator born 22 
when compressed air is supplied through the line 23. By means 
of the vibrating gas flow passing through the gas-permeable 
wall of the inner cap 15 formed by the cloth 25 and the sup 
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porting bars, and penetrating into the material 13 which is set 
in motion, as described above, within an area adjacent the 
inner cap. In addition, however, the unit formed by the bottom 
and the sound activating device rigidly secured thereto will 
vibrate in time with the sound oscillations as a result of the 
momentaneously alternating resistance at the penetration of 
the gas into the boundary layer between the cloth 25 and the 
material 13. These vibrations are transmitted on account of 
the rigid connection between the sound activation device and 
the bottom directly to the latter, which forms a ?xedly 
mounted diaphragm. 

In order to increase the reaction power from the pressure 
variations it is important that the sound wave, which 
propagates essentially spherically from a point immediately in 
side the opening of the resonator horn 22, as shown in dot and 
dash lines 28 in FIG. 1, meets the re?ecting material along a 
boundary surface whose shape coincides with the wave front. 
At a certain point of time the whole surface is then hit by a 
pressure wave of the same phase. The inner cap 15, which 
determines the shape of the boundary layer by means of its gas 
permeable cloth 25, is frustoconical in the embodiment 
described here, which provides for a relatively good coin 
cidence with the shape of the wave front in combination with a 
very good strength against the pressure forces acting from the 
interior of the container towards the inside cap. A spherical 
cap may be used, as mentioned above, and is slightly more 
ideal in view of a re?ection effect of almost correct phase. It 
is, however, considerably more complicated to manufacture. 
It should be mentioned in this connection that a re?ection of 
almost correct phase is particularly important in the cases 
where materials in the container have become densely packed 
in the area adjacent the inner cap. The percussion effect aris 
ing against the material during such re?ection may form 
cracks, which may spread also in relatively hard layers and 
may consequently create the sliding effect aimed at. 

In order to increase the loosening and ?uidizing effect ex 
erted on the material 13 in the container it may be advisable to 
provide a line 29 to the space de?ned by the outer cap 14 and 
the inner cap 15 in order to supply extra pressure gas (usually 
compressed air) to the said space. This added gas will then be 
discharged through the cloth 25 together with the gas vibrat 
ing at sound frequency from the sound transmitter 21, 22 and 
pressure oscillations will be imparted thereto by the sound 
waves propagating from the opening of the resonator horn 22. 
In the line 29 there may be provided a valve making it possible 
either to supply additional gas in the manner just described, or 
to connect the space de?ned by the outer cap and the inner 
cap, with the surrounding atmosphere. In the latter case the 
material 13 in the container will be affected by the percussion 
effect provided by the sound oscillations and the consequent 
vibration of the bottom 11 but gas will not be pressed into the 
materials, which it may be desirable to avoid in order that the 
materials may not create a great deal of dust. 
The apparatus proposed according to the invention for in 

itiating and facilitating the sliding of materials along a sloping 
bottom has three functions, the internal relation of which is 
dependent upon the constructional embodiment of the ap 
paratus: 

l. Loosening the material in the container by pressing gas 
under pressure into it. 

2. Percussion effect against the material in the container in 
its boundary surface against the inner cap by re?ection of es 
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sentially correct phase. 

3. Vibrations generated by the reaction from the percussion 
effect in the unit formed by the bottom and the sound activat 
ing means rigidly ?xed thereto. 
When a line 29 is arranged and provided with a valve of the 

kind described above the effect indicated under item I may be 
left out but in that case vibrations which are sufficiently ef? 
cient for many types of materials may be obtained through the 
effect according to items 2 and 3. 

In order to avoid that the gas introduced into the materials 
may have to pass upwards through the whole quantity of 
material in the container, air outlets may be provided in the 
walls of the container at suitable distances above the activa 
tion means. 
As mentioned above, the embodiment shown may be 

modi?ed, and additional modi?cations may be made within 
the scope of the appended claims. 

I claim: 
1. Apparatus for initiating and facilitating the sliding of par 

ticulate material along an essentially plane sloping surface, 
comprising a container having a bottom outlet and a resilient 
sloping member adjoining said'outlet and forming said sur 
face, said member having an opening spaced from the de?ning 
margins thereof, a lower cap rigidly ?xed to the lower side of 
said member and carried thereby, said lower cap underlying 
and closing said opening, a gas-permeable member covering 
said opening on the upper side of said sloping member, said 
gas-permeable member and said lower cap de?ning a 
chamber, and a sound transmitter carried by said lower cap, 
said sound transmitter opening into said chamber and being 
directed toward said gas-permeable member to activate said 
material by loosening and activating the material by means of 
sound oscillations produced by said sound transmitter, said 
lower cap and said gas permeable member imparting sonic 
vibrations to said resilient sloping member which thereby 
forms a diaphragm further aiding in the movement of said par 
ticulate material. 

2. Apparatus as claimed in claim 1, wherein said gas-perme 
able member forms a supporting surface for the material on 
the upper side thereof, the shape of said gas-permeable 
member essentially coinciding with the wave front produced 
by said sound transmitter. 

3. Apparatus as claimed in claim 2, wherein said gas-perme 
able member consists of a frustoconical upper cap projecting 
from the upper side of the sloping member. 

4. Apparatus as claimed in claim 1, wherein said lower cap 
provided on the lower side of the sloping member consists of a 
frustoconical cap projecting from the lower side of the last 
said member. 

5. Apparatus as claimed in claim 4, wherein said upper and 
lower caps are rigidly ?xed to said sloping member concentri 
cally with said opening. 

6. Apparatus as claimed in claim 1, further comprising a 
pipe stub extending from said lower cap and said sound trans 
mitter and resonator horn being disposed inside said pipe stub 
and directed toward the chamber formed by said lower cap 
and said gas-permeable member. 

7. Apparatus as claimed in claim I, further comprising a gas 
line connected to said chamber formed by said lower cap and 
said gas-permeable member for supplying gas to the chamber 
for discharge through said gas-permeable member. 


