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Description

BACKGROUND OF THE INVENTION

[0001] This invention relates generally to conveying
systems and, more specifically, to a conveying system
and a low energy method of maintaining a flow of con-
veyable material that is subject to bridging.
[0002] In conveying solid materials, which may com-
prise a variety of solid materials or particles, the convey-
able materials are typically delivered to a gravity hopper,
which contains a cone shaped base that directs the con-
veyable material to an outlet at the bottom of the gravity
feeder. Typically, the outlet connects to a conveying line
such as a pneumatic or mechanical conveying line, which
conveys the material to a different location. One of the
difficulties with delivering conveyable materials through
a gravity hopper is that often times the particles of the
conveyable materials may adhere to one another and
form a self supporting bridge over the outlet in the gravity
hopper thus preventing flow of the conveyable materials
through the hopper outlet. Numerous devices and meth-
ods have been proposed to eliminate the tendency of the
conveyable materials to form a material bridge in the hop-
per or to break up a bridge of conveyable material in the
hopper.
[0003] U.S. patent 3,195,775 shows an example of a
device that vibrates a hopper to break a material bridge
in a hopper, unfortunately vibration of the hopper can
prematurely decrease the life of the system as well as
consume a large amount of energy.
[0004] U.S. patent publication 2003/0017012 shows
an air knocker that is mounted on the side of a storage
tank with the air knocker having an elastic sheet or dia-
phragm that attaches to the side of the storage tank for
blasting pulsed air. A permanent magnet holds the valve
in a closed state until the magnetic force is overcome,
which enables one to blast air into the side of the storage
tank or the bottom of the tank in order to fluidize the ma-
terial in the tank. In one embodiment air is blasted past
an elastic member that is mounted on the sidewall of the
hopper.
[0005] U.S. patents 3,788,527,4,767,024 and
4,496,076 show the use of air blasters that inject air
through the sidewall of a hopper. The air blasters are
mounted on a hopper with the air blasters containing a
relatively large volume of air under significant pressure
and a quick release valve for suddenly blasting the vol-
ume of air directly into the conveyable material. U.S. pat-
ent 4,496,076 shows examples of air blasters mounted
to cone of the hopper and with the air blasters directing
a blast of air downward or tangentially with respect to the
wall of the hopper in order to break up a bridge of con-
veyable material. This type of device requires a large
amount of energy to break up the bridge and has been
referred to as the creation of a "dull explosion" in the
material.
[0006] U.S. patent 6,007,234 shows a fluid injector that

directs air along a surface wall of the hopper to dislodge
materials located along the sidewalls of the hopper. This
type of device minimizes bridging by inhibiting materials
from adhering to the sidewall of the hopper. In this type
of apparatus multiple fluid injectors may be mounted in
the hopper sidewall to keep material from adhering to the
sidewall of the hopper and thus inhibiting bridging.
[0007] U.S. patent 4,826,051 disclose another high en-
ergy manifold blaster that attaches to the side of the hop-
per to pulverize the particulate matter in the hopper so
the material can flow through the hopper. Generally, mul-
tiple units are mounted in the hopper sidewall.
[0008] As can be seen from the above prior art it is
difficult to continuously convey bridgeable materials due
to the problem of bridging of conveyable materials, which
has given rise to numerous methods and apparatus.
Some methods employ brute force by shaking the bin or
blasting air through a sidewall of the hopper and into the
side of the bridged material to break up a bridge while
other methods and apparatuses attempt to prevent a
bridge of conveyable material from forming in the hopper
by directing air along a sidewall of the hopper through a
plurality of openings in the sidewall. Compounding the
problem of conveyable materials, which may bridge, is
that some bridges within the hopper may be broken easily
while others are extremely difficult to break up.
[0009] The prior methods have certain disadvantages
in that some methods may substantially increase noise
level proximate the hopper, some may shorten the life of
the system, some may require large amounts of energy
or some require multiple air blasters or bin aerators
mounted to the sides of the hopper, which increases both
the complexity and costs of the system. In some cases
the prior art methods are simply ineffective and instead
of dislodging bridged material an air blaster may form a
"rat hole" in the bridged material, which is a passageway
from the blaster to the hopper outlet that does not break
up the bridge but prevents the bridged material from fall-
ing into the hopper outlet. Documents JP S54 33466,
WO 91/09800 and JP 2006 117361 disclose conveying
systems comprising a gravity hopper and a material re-
ceiving chamber connected to an outlet of the hopper,
whereby a system for introducing pressurized gas in the
material receiving chamber is provided on a side of said
material receiving chamber.

SUMMARY OF THE INVENTION

[0010] A conveying system for smoothly and continu-
ally conveying materials from one location to another
where the conveyable materials have a tendency to self
adhere and form a material bridge of conveyable mate-
rials which blocks the flow of conveyable materials
through the conveying system is defined by the scope of
claim 1. The conveying system includes a source of air
that can on the go be intermittingly released into the un-
derside of a bridge of conveyable material to disintegrate
the bridge of a conveyable material over a hopper outlet.
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By directing a pulse or charge of air into an underside of
a bridge of normally conveyable material in a gravity hop-
per in a direction that is opposite to the normal gravita-
tional flow of the conveyable material through the hopper
outlet it has been found that one can maintain a contin-
uous flow of conveyable material through the system. An
outlet fluid port for the source of air is located below the
hopper outlet and in a vertical flow path of material from
the hopper outlet with the upward facing fluid port mo-
mentarily opening to release a charge or pulse of com-
pressed air directly upward into the hopper outlet. The
charge or pulse of air flows upward into and through the
hopper outlet and into the underside of bridged particles
in the hopper, where the charge of air dissipates into the
bridged material, which disintegrates or unlocks the
bridged particles from each other causing the bridged
material to collapse and fall into the hopper outlet. After
release of the charge of air the fluid port closes, which
allows the bridged material to fall downward through the
hopper outlet and into a conveying system where the
material can be transported to a remote location. Since
the bridge is quickly broken with a charge or pulse of air
from beneath the bridged material no devices need to be
mounted to the sidewalls of the hopper and the energy
use in breaking the bridge is minimized since a single
release of a charge of air into the bottom outlet of the
hopper can break up the bridged material in the hopper.
Thus, one can maintain a flow of materials through the
conveying system since bridged material in the hopper
can be quickly broken on the go with an air jet or a release
of a pulse of air into the underside of the bridge. In the
event a further bridge may form one can repeat the proc-
ess as needed to keep the material flowing through the
hopper outlet by continually supplying pulses or charges
of air to the hopper inlet, which may be timed pulses of air.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Figure 1 is a cross sectional view of a gravity hopper
for delivery of conveyable material to a conveying
system and a bridge breaker;
Figure 2 is a cross sectional view of the conveying
system and bridge breaker in the closed condition;
Figure 3 is a cross sectional view of the conveying
system and bridge breaker in the open condition;
Figure 4 is a cross sectional view of the conveying
system and bridge breaker in the open condition with
a butterfly valve located at the inlet; and
Figure 5 is a cross sectional view of the conveying
system and bridge breaker in the open condition with
a set of bin aerators mounted on the cone wall of the
hopper.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0012] Figure 1 shows a cylindrical gravity hopper 10

having a vertical axis 9 extending through a cylindrical
hopper inlet 11 located at the top of the hopper and a
cylindrical downward facing hopper outlet 12 located at
the bottom of the hopper. Hopper 10 includes a domed
top 15 with a port 13, a port 14 and hopper inlet 11 located
therein. In this example hopper 10 includes a cylindrical
sidewall 15a and an intermediate open-ended cone 15b
that converges from cylindrical sidewall 15a to a cylindri-
cal hopper outlet 12, which has a cylindrical vertical side-
wall 12a for directing material away from and out of the
hopper 10. A flange 15c on outlet 12 allows one to secure
a conveying system 30 to hopper outlet 12. Typically,
one directs a batch of conveyable material into the hopper
inlet 11 of the gravity hopper 10 where the conveyable
material is gravitationally funneled to the hopper outlet
12 located at the bottom of the hopper 10. The convey-
able material discharging from the hopper outlet is then
transported to a different location through a conveying
system 30, which for example may be a pneumatic con-
veying system or the like.
[0013] A reference to Figure 1 shows hopper 10 con-
tains a conveyable material 20, which is in contact with
the interior surface of frusto conical sidewall 15d with
conveyable material 20 forming a self-supporting bridge
over the hopper outlet 12 with the bridge having a top
surface 20b and an underside 20a. The formation of the
bridge through the self-adhesion of conveying material
particles to one another prevents normally conveyable
material 20 from falling into the pneumatic conveying sys-
tem 30, which is located below the outlet 20. In this ex-
ample the pressure P1 on top of the conveyable material
is insufficient to force the material 20 through the outlet
12 and increasing the pressure P1 may further compact
the bridged material 20 without breaking the bridge. Typ-
ically, the bridge of conveyable material 20 has the high-
est bulk density at the bottom of the bridge than at the
top of the bridge since the pressure from the weight of
the conveyable material increases the density of the con-
veyable material, which strengthens the bottom of the
bridge, thus requiring large amounts of energy to break
up the bridge if one blasts air laterally or downwardly into
the bridged material.
[0014] A circular flange 32a on conveying housing 32
connects to a circular flange 15c on hopper outlet 12
through bolts or the like to hold the conveying housing
30 proximate the hopper outlet 12. An air inlet 31connects
to one side of housing 32 for supplying conveying air to
a conveying pipe 33, which extends from the opposite
side of the housing 32. In normal operation the convey-
able material 20 falls downward through the hopper outlet
12 and into the conveying housing 32 where the incoming
air from air inlet 31 and conveying pipe 33 fluidly transport
the conveyable material to another location. In general
the conveyable material 20 is transported from the gravity
hopper 14 to a remote location through the conveying
line 33 as long as the conveyable material remains in a
fluidized or flowable state within the hopper. However,
from time to time conditions occur in the hopper that
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cause the normally conveyable material 20 to form a
bridge of over the hopper outlet, which stops the flow of
conveyable material through the hopper outlet 12. Still in
other cases some materials may form bridges so fre-
quently that one simply foregoes the use of a gravity hop-
per for conveying the materials. Figure 1 illustrates a typ-
ical static bridge of conveyable material 20, which has a
top surface 20b and a bottom or underside 20a that has
been formed into a solid bridge that extends from side to
side of the hopper thus preventing the conveyable ma-
terial 20 in hopper 10 from falling into the hopper outlet 12.
[0015] As shown in Figure 1 and Figure 2 the conveying
system 10 includes a gravity hopper 10 having a hopper
outlet 12 for gravitationally directing a conveyable mate-
rial 20 downward into the hopper outlet 12 where it is
received in a conveying chamber 35 which can carry the
material to a further location. Located directly below the
hopper outlet 12 is an upward facing fluid port 39 for on
the go directing of a pulse of air vertically upward into
and through the downward facing hopper outlet 12 and
into an underside of a bridge of conveyable material 20,
which is located over the hopper outlet 12. The release
of a short pulse or a small charge of air upward into the
hopper outlet and into the underside of the bridge causes
a disintegration of the bridge of conveyable material that
starts from below the bridge of conveyable material and
thus requires a minimum of energy as opposed to high
energy methods of blasting air into the top or side of the
bridged material, which in some cases may not even
break up the bridge but form "rat holes" through the ma-
terial.
[0016] Figure 2 is an isolated view of a conveyer 30
and one example of a bridge breaker 40 sharing a com-
mon vertical, cylindrical, sidewall 32, which includes a
top flange 32a for attachment to a flange 15c on the bot-
tom of hopper outlet 12 through bolts or the like. In this
example housing sidewall 32 forms a common vertical
sidewall for both the conveyer 30 and bridge breaker 40
although if desired the bridge breaker may be separate
from the conveyor system 30 or may be used without a
conveyor system. In this example a disk member or sep-
arator 41, which is secured to inner cylindrical sidewall
32, separates the conveyor system 30 from the bridge
breaker 40 with the disk 41 having a fluid port 39 that can
be opened or closed in response a need to break up a
bridge or prevent a bridge from forming in the hopper 10.
[0017] Figure 2 shows bridge breaker 40 in a closed
condition where a material receiving chamber or convey-
ing chamber 35 in the conveyor 30 is isolated from a
bridge breaker air chamber 50 in the bridge breaker 40.
In this example, bridge breaker 40 includes a slideable
piston or retractable plug 43 having a central shaft 43c,
a first end 43a in engagement with the retractable plug
including a rigid collar 45 that engages a compression
spring 46 and a second end 43e with piston 43 having a
top face 43d and a bottom face 43b. A slideable seal 43f
extends around the periphery of the second end 43e to
form a seal between the chamber 53 above the top face

43d and the chamber 53 below the bottom face 43b. An-
nular seal 49 and annular seal 47 permit axial sliding of
central shaft 43c, while annular seal 48 forms a seal be-
tween base 52 and base collar 51. In this embodiment
the compression spring 46 engages the retractable plug
43 for quickly urging the retractable plug into a closed
condition after a portion of the air in the air chamber has
been released through the fluid outlet port 39.
[0018] A resilient cap 44 on the top end of piston 43
includes a circumferential lip 44a that extends over collar
45 with a top face 44b forming sealing engagement with
the underside 42b of collar 42 to prevent air flow there-
through when in the closed condition. That is, the axial
pressure generated by compression spring on piston 43
maintains fluid port 39 in a normally closed condition in
the absence of a control pressure from control station 60
as compression spring 46 biases piston 43 toward a
closed condition that sealingly closes the top fluid port
39 to prevent a conveyable material from falling into the
chamber 50. In some instance rapidly closing the fluid
port 39 can be used to prevent fluid from falling into the
fluid port or one may maintain a flow of air through the
top fluid port sufficient to deflect conveyable material
away from the fluid port without actually blocking the fluid
port 39 or interfering with the material falling into chamber
35.
[0019] Collar 42 includes a central passage or fluid port
39 formed by sidewall 42a, which connects to the con-
veyor air chamber 35 in conveyor 30. In the closed con-
dition shown in Figure 2 the lower air chamber 50 in bridge
breaker 40, is isolated from the top conveying air cham-
ber 35 by resilient cap 44, which prevents flow therebe-
tween.
[0020] Figure 2 shows bridge breaker 40 includes an
air chamber 50, which is supplied with pressurized air
through an air inlet 59. Located within the base of cham-
ber 50 is a base collar 52 having a vertical displaceable
piston 43 therein. In operation chamber 50 receives and
stores a pressurized gas from air inlet 59 with the source
of pressurized air having a stagnation air pressure great-
er than an air pressure in the hopper outlet 12 so that a
release of air from chamber 50 can be directed upward
through the chamber 35 and into the hopper outlet 12
during the operation of the conveying system.
[0021] Cylindrical housing 32 includes a top member
41 having a top fluid port 39 that opens vertically upward
into the hopper fluid outlet 12 as the fluid port 38 is po-
sitioned directly below the gravity hopper flow outlet 12
with the top fluid port 39 shown positioned in a vertical
flow path of material discharging from hopper 10 as in-
dicated by a vertical axis 9. Piston 43 is axially and ver-
tically slideable with piston 43 having a top end 44 mov-
able from a closed condition, which is shown in Figure
2, where the top fluid port 39 is in a closed condition to
prevent flow therethrough to an open condition, which is
shown in Figure 3, where the top fluid port 39 is in an
open condition so that a charge of pressurized air re-
leased from the chamber 50 flows upward through the
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top fluid port 39, the hopper outlet port 12 and into the
bridge underside 20a to thereby disrupt and disintegrate
the bridge, which allows the material 20 forming the
bridge to fall downward through the hopper outlet 12 and
into the material conveying chamber 35 where it can be
transported to a different location by the conveying mem-
ber 30.
[0022] In this example a control station 60 connects to
a top portion of a piston chamber 53 through a first conduit
62 that supplies a control fluid such as air to a topside
43d of piston 43 in piston chamber 53. Similarly, control
station 60 has a second conduit 61 that connects to a
bottom portion of piston chamber 53. Control station 60
may be manually operated or may be automatically op-
erated to supply the control fluid needed to slide piston
43 up or down to open or close the port 39 between con-
veying system 30 chamber 30 and bridge breaker air
chamber 50.
[0023] Upon detection of a bridge in hopper 10 a signal
is sent from control station 60 to slide piston 43 down-
ward, which opens the fluid port 39 and automatically
releases a charge of air from air chamber 50 into the
hopper outlet 12, where the charge of air flows upward
into the bridge bottom 20a to break up the bridged ma-
terial in the hopper 10. After release of the charge of
pressurized air a further signal is sent to slide the piston
43 upward to close the outlet port 39 so the bridged ma-
terial can fall into the hopper outlet 12 and be delivered
to the conveying system 30 rather than falling into port
39. In addition the force of compression spring 46 may
be set such that it closes port 30 when the charge of air
escaping from the air chamber is reduced in air chamber
50. As can be seen the invention comprises a bridge
breaker for a gravity hopper having a downward facing
hopper outlet and a source of air with the source of air
having an upward facing outlet in alignment with the
downward facing hopper outlet for directing a charge of
air from the source of air vertically upward into the hopper
outlet to disrupt or prevent blockage of flow of a convey-
able material through the hopper outlet.
[0024] A feature of the invention is that the delivery of
a charge of air on the go, which is directed vertically up-
ward into the hopper outlet 12 and into the underside 20a
of a material bridge, requires less energy to break up a
bridge in the hopper then conventional blasters or bin
vibrators. The air pressure P2 in the chamber 50 for
breaking the bridge may be equal or less than the air
pressure P1 on top of the bridge as the bridged material
forms an air seal between the top and bottom of the hop-
per. Figure 1 shows that the pressure P1 above the bridge
is not generating sufficient force to push the bridged ma-
terial into the outlet 12. However, the release of a small
charge of air from air chamber 50, where the stagnation
pressure P2 may be equal or even less than the pressure
P1, is sufficient to break up the bridged material through
engagement with the bridge underside 20a. For example,
it has been found that momentarily releasing a charge of
air, from air chamber 50, which is at stagnation pressure

P2 which is equal or less the pressure P1, into the hopper
outlet 12 and the underside of the bridge dislodges or
loosens the bridge particles at the bottom of the bridge,
which causes the bridge to collapse allowing the convey-
able material 20 in the hopper to flow through the hopper
outlet 12. Thus, in the invention described herein the air
does not need to be blasted into the bridged material in
order to force the particles into the hopper outlet. That
is, where the prior art forces the particles laterally or to-
ward the hopper outlet the present invention momentarily
directs a charge of air upward into the hopper outlet and
into the underside 20a of the bridge, which causes the
bridged particles to disintegrate and fall downward into
the hopper outlet 12. The momentary on the go delivery
of a charge or pulse of air to dislodge the bridged material
from beneath the bridge can be done quickly, quietly and
efficiently with minimum energy consumption so that the
conveying can continue without interruption.
[0025] In the example shown a flow sensor 70, which
is located in the conveyor sidewall 32 can be used to
detect the presence of flow into the conveyor. For exam-
ple flow sensor may be a conventional optical sensor,
which senses the presence or absence of materials flow-
ing through the conveying system. If no flow is detected
in conveying chamber 35 control station 60 receives a
no flow condition and automatically sends a signal to re-
tract piston 43, which causes the cap 44 to move down-
ward and unblock port 39 thus releasing a charge of air
from chamber 50, which flows upward into the bridge
underside 20a. The contact of the pulse or charge of air
with the underside of bridged material quickly breaks the
bridged material, which allows the bridged material to
flow into the conveying chamber 35. Conversely, if the
flow sensor 70 determines that the conveyable material
is flowing control station 60 maintains the piston or re-
tractable plug 43 in the closed condition as shown in Fig-
ure 2.
[0026] In this example the conveying system includes
a housing 32 having an integral air chamber 50 for holding
air at a stagnation pressure, which is in excess of an air
pressure Px on the underside of the bridge of conveyable
material. A fluid port 39 in the housing releases a portion
of air from the air chamber 50 into the hopper outlet 12
without allowing a dynamic air pressure Px in the con-
veying chamber 35 and the air pressure in the chamber
50 to equalize, which could prevent flow through the con-
veyor. However, other methods of releasing a charge of
air may be used without departing from the scope of the
claims.
[0027] As described herein the invention includes an
on the go method for maintaining the flow of conveyable
material through a gravitational hopper 30 with the meth-
od of conveying material from a gravity hopper 10 com-
prising the steps of directing a conveying material 20 into
a gravity hopper 10, gravitationally directing the convey-
ing material downward into a hopper outlet 12, conveying
the material 20 away from the hopper outlet 12 and di-
recting a pulse of air upward into the hopper outlet 12 in
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the event the conveyable material stops flowing through
the hopper 10.
[0028] A feature of the method is that even though the
pulse or charge of air is directed vertically upward into a
bridged region of the conveyable material where a bulk
density of the conveyable material is highest the bridged
material can be quickly broken to allow material to flow
through the hopper outlet. Depending on the pressures
in some instances the pulse of air may travel as a shock
wave into the hopper outlet 12.
[0029] During the conveying of material in the convey-
ing system of the invention described herein one normally
maintains an air pressure on a topside of conveyable
material P1 at proximately the same as an air pressure
Px on the underside of the conveyable material through
a periodic directing of the pulse of air upward into the
hopper outlet 12 and opposite to a gravitational flow di-
rection of the conveyable material from the hopper outlet
12. One method of providing air for directing into the hop-
per outlet is to maintain a source or air in a chamber 50
where a stagnation pressure of the air in a chamber 50,
which connects to the hopper outlet 12, is maintained at
a pressure greater than the air pressure Px in the hopper
outlet.
[0030] In this method one preferably directs the pulse
or charge of air from chamber 50 vertically upward into
the hopper outlet 12 while there is no downward flow of
conveyable material through the fluid outlet 12. Typically,
the pulse of air released from an air chamber, which has
a stagnation pressure greater than an air pressure in a
conveying outlet connected to the fluid outlet, quickly flow
into and through the conveying chamber 35 and into the
hopper outlet. That is, a pulse or charge of air released
into the hopper outlet 12 flows upward directly into par-
ticles on an underside 20a of the bridged region of con-
veyable material 12 in the hopper 10, which breaks up
the bridge on the go.
During the conveyance of materials 20,which may either
dry or wet, the conveyable material begins to consolidate
and compact as the materials enter the gravity hopper
10 resulting in the bulk density of the conveyable material
being at its highest near the hopper outlet 12, which is
located at the bottom of the hopper 10. In addition, the
longer the material 20 sits in the gravity hopper 10 the
more the material consolidates and compacts in the hop-
per, which increases the difficulty in dislodging the ma-
terial 20 from the hopper 10.
[0031] Increasing the downward forces on the material
20 at the top of the hopper 10 either by adding more
material or increasing the air pressure P2 may be counter
productive as the increased pressure squeezes or com-
pacts the material, which makes it more difficult for the
conveyable material to flow out of the hopper under the
force of gravity. The consolidation or compaction of ma-
terial 20 at the lower cone section above the hopper outlet
12 is a major problem to gravity feeding of most materials
as the material may squeeze together and compact into
an unflowable condition in response to upstream pres-

sure on the materials 20.
[0032] The material at the top of hopper 10 has the
lowest bulk density and as material 20 is added to the
top of the hopper 10 it increases the weight on the ma-
terial at the bottom of the hopper, which in some cases
squeezes the material at the bottom of the hopper to the
point of being rock hard and resistant to gravity flow. Con-
sequently,The material at the bottom of the hopper, which
is compacted together, has a much higher bulk density
that any material located above the bottom of the hopper.
As a result it has been found it becomes more difficult if
not impossible to dislodge and gravity feed materials
through the hopper outlet at the bottom of the hopper if
the materials forms a bridge over the hopper outlet. Con-
sequently, the lodging or bridging of material in the cone
of the hopper 10 may become so compacted that even
devices that blast air through ports in the side of the cone
wall 15b may fail to dislodge the material from the hopper
10. Likewise increasing air pressure P2 at the top of the
hopper in order to force the material through the hopper
outlet 12 has the effect of squeezing or compacting the
material in the lower cone of the hopper 10 thus making
it more difficult to convey materials through the hopper.
[0033] A feature of the invention described herein is
that materials, which are normally extremely difficult or
may be impossible to gravity feed, can be conveyed
through and from the hopper 10.
[0034] Figure 4 shows a cross sectional view of hopper
10 with an inlet 12 and a butterfly valve 80 for opening
and closing the pressurized inlet pipe 81. The system of
Figure 4 is identical to the system shown in Figure 1 ex-
cept a butterfly valve 80 is used to open and close the
supply pipe 82 to the hopper 10. Suitable butterfly valve
are shown and described in applicant’s U.S. patents
4,836,499; 5,295,659 and 8,256,448. In this example the
conveyable material 20 under pressure flows through
pipe 81, butterfly valve 80 and inlet 82 and then flows
downward as identified by 20d onto the material top 20b
of material 20. Located below the hopper outlet 12 is the
bridge breaker 40 that contains a charge of air for direct-
ing upward into the outlet and into the underside of the
bridge where some of the air may flow upward along the
sides of the hopper 10. While a butterfly valve is shown
a ball valve or any other type of valve may be used so
that the hopper can be pressurized to normally push or
convey material through the hopper and to its intended
destination.
[0035] Figure 5 shows a system identical to the hopper
10 in Figure 1 and Figure 4 except in this application a
set of fluid injector or bin aerators 85 and 86 are located
on the cone wall 15b to provide an option for dislodging
or aerating materials in the hopper. Bin aerators 85 and
86 may be used independent or in conjunction with bridge
breaker 40 depending on the material being conveyed.
An example of a bin aerator is shown in applicants U.S.
patent 3,952,956. In the example shown in Figure 5 com-
pressed air is supplied to cone sidewall though air pipe
86a and bin aerator 86 as well as through air pipe 85a
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and bin aerator 85.
[0036] A further feature of the invention described
herein is that the bridge breaker 40, which operates
through the hopper outlet 10, is compatible with existing
systems. That is, directing a charge of compressed air
upward into the bridged material in the hopper 10 to dis-
lodge bridged material from below so the material can
feed out of the hopper outlet 12 may be incorporated into
existing conveying systems even if other devices are
maintained on the hopper since the bridge breaker can
be maintained outside the hopper and can operate inde-
pendently of the operation of other devices attached to
the hopper 10. Another feature of invention of directing
a charge of compressed air upward though the hopper
outlet 12 is the sidewall cleaning benefit obtained during
the emptying of the hopper when there may be no bridg-
ing in the hopper. Normally, as the material empties out
of the gravity hopper 10 some material may adhere to
the sidewall of the hopper. With the present invention
one can quickly remove any residue material that may
be adhering the hopper walls as the charge of air entering
through the hopper outlet 12 travels upward through the
hopper 10 where it sweeps along the conical hopper walls
15b, which loosens any remaining material that may be
adhered to the walls thereto thereby enabling a complete
emptying of the hopper.
[0037] The conveying system has been described
herein with a single release of a charge a pulse of air or
a continually release of charges or pulses of air that are
directed upward into the hopper outlet, however, as an
alternate embodiment a continuous upward stream of
air, which is either a variable velocity stream of air or a
constant velocity stream of air, may be introduced into
the bottom of the hopper outlet to maintain difficult ma-
terials in a flowable condition. In the continuous flow ap-
plication the upward flowing air jet may be sufficiently
small so as not to block the downward flow of conveyable
material into the hopper outlet but sufficiently large to
maintain the material in the hopper outlet in a fluidized
condition by breaking or preventing bridges from forming
in the hopper outlet. In this application either the momen-
tum of the falling conveyable material in the hopper can
be used to overcome the upward force of the continuous
jet or the continuous flow jet may have a smaller diameter
than the hopper outlet so that both an upward flow of air
into the hopper and a downward flow of material from the
hopper can coexist in the same passage.
[0038] While the system has been described as to use
of air no limitation is intended thereto as the air may be
a single gas or various combinations of gases, which are
suitable for the conveying of bridgeable materials.

Claims

1. A conveying system comprising:

a gravity hopper (10) having a top inlet opening

(11) for receiving a conveyable material (20), a
lower hopper outlet (12) for directing the con-
veyable material therefrom and a central vertical
axis (9) extending through said top inlet (11) and
said lower outlet (12), wherein the conveyable
material (20) is subject to forming a bridge over
the lower hopper outlet (12) thereby preventing
flow of the conveyable material (20) from the
gravity hopper (10);
a housing (32) having a material receiving cham-
ber (35) connected to the hopper outlet (12) for
carrying the conveyable material (20) away from
the lower hopper outlet (12);
a bridge breaker (40) located along said central
vertical axis (9), vertically below the lower hop-
per outlet (12) and the material receiving cham-
ber (35), with said bridge breaker (40) having a
fluid chamber (50) therein and a top fluid port
(39) located in a separator (41) between the ma-
terial receiving chamber (35) and the fluid cham-
ber (50) in the bridge breaker (40), said bridge
breaker (40) including a slideable piston (43)
having a first end (43a) momentarily displacea-
ble for opening or closing the top fluid port (39)
in the separator (41); and
a source of pressurized gas located in the fluid
chamber (50) for an on demand delivery of a
charge of gas upward through the top fluid port
(39) when the top fluid port (39) is in an open
condition with the charge of gas flowing upward
into an underside of a bridge of material over
the hopper outlet (12) to disintegrate the bridge
of material from below thereby allowing the con-
veyable material (20) forming the bridge to fall
into the material receiving chamber (35) in the
conveying system (30).

2. The conveying system of claim 1 wherein the piston
(43) comprises a shaft (43c) with the first end (43a)
including a resilient cap (44) for blocking the fluid
port (39) when the piston (43) is in a closed condition
and a second end (43e) larger than the first end (43a)
with the second end (43e) located in a further cham-
ber (53) with the second end (43e) having a top face
(43d) and a bottom face (43b) isolated from each
other through a slideable seal 43f), said piston (43)
responsive to a differential pressure between the top
face (43d) and the bottom face (43b) of the second
end (43e) for axially displacing the piston (43) from
a closed condition to an open condition or from an
open condition to a closed condition through chang-
ing the differential pressure on opposite faces of the
second end (43e) .

3. The conveying system of claim 1 wherein the top
fluid port (39) is located along the central axis (9).

4. The conveying system of claim 1 including a control
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station (60) for manually opening and closing the top
fluid port (39) in response to a flow condition in the
gravity hopper (10).

5. The conveying system of claim 1 including a sensor
(70) for detecting the presence of a bridge in the
hopper (10) with the sensor (70) connected to a con-
trol station (60) to momentarily open the top fluid port
(39) either automatically or through an operator ac-
tivation.

6. The conveying system of claim 1 wherein, in opera-
tion, the fluid chamber (50) in the bridge breaker (40)
is at a stagnation pressure P2 that is less than the
pressure P1 above the bridge and the charge of gas
comprise a continuous flowing air jet, a variable flow-
ing air jet, a single pulse of air or a repeated pulse
of air.

7. The conveying system of claim 1 wherein the piston
(43) includes a compression spring (46) for normally
maintaining the piston (43) in a closed condition in
the absence of a control signal from a control station
(60).

8. A method of breaking a bridge formed by a convey-
able material (20) in a conveying system as set forth
in any of claims 1-7, the method comprising the steps
of:

directing the conveyable material (20) into the
gravity hopper (10) until the conveyable material
(20) forms a bridge over the hopper outlet (12);
momentarily directing a charge of pressurized
gas upward through the hopper outlet (12) and
into the underside (20a) of the bridge to break
up the bridge.

9. The method of claim 8 wherein the pressurized gas
is air and including the step of directing the charge
of air through the upward facing fluid port (39) in com-
munication with the fluid chamber (50) containing air
at a pressure P2, which is equal or less than a pres-
sure P1 above the bridged material.

10. The method of claim 9 wherein the fluid port (39) is
opened and closed in response to an on demand
signal from a control station (60).

11. The method of claim 9 wherein the fluid port (39) is
opened and closed in response to sensing of a pres-
ence of a bridge in the hopper (10).

12. The method of claim 8 wherein the pressurized gas
is air and the charge of air is directed vertically up-
ward from the fluid port (39) and the material (20) is
prevented from flowing into the fluid port (39) either
through rapidly closing the fluid port (39) or main-

taining a flow through the fluid port (39) sufficient to
deflect conveyable material (20) away from the fluid
port (39).

13. The method of claim 12 wherein the charge of air
flows from the fluid chamber (50) in the bridge break-
er (40) and through the material receiving chamber
(35) in the conveying system before entering the
hopper outlet (12).

Patentansprüche

1. Ein Fördersystem das Folgendes umfasst:

einen Schwerkrafttrichter (10) mit einer oberen
Einlassöffnung (11) zum Aufnehmen eines för-
derbaren Materials (20), einem unteren Trich-
terauslass (12) zum Leiten des förderbaren Ma-
terials daraus und einer zentralen vertikalen
Achse (9), die sich durch den oberen Einlass
(11) und den unteren Auslass (12) erstreckt, wo-
bei das förderbare Material (20) dazu neigt eine
Brücke über den unteren Trichterauslass (12)
zu bilden und so den Strom des förderbaren Ma-
terials (20) aus dem Schwerkrafttrichter (10) zu
verhindern;
ein Gehäuse (32) mit einer Materialaufnahme-
kammer (35) das mit dem Trichterauslass (12)
verbunden ist, um das förderbare Material (20)
vom unteren Trichterauslass (12) vor zu trans-
portieren;
einen Brückenbrecher (40) positioniert entlang
der zentralen vertikalen Achse (9) vertikal un-
terhalb des unteren Trichterauslasses (12) und
der Materialaufnahmekammer (35), wobei der
Brückenbrecher (40) in seinem Inneren eine
Fluidkammer (50) hat und eine obere Fluidöff-
nung (39), die sich in einem Separator (41) zwi-
schen der Materialaufnahmekammer (35) und
der Fluidkammer (50) im Brückenbrecher (40)
befindet, wobei der Brückenbrecher (40) einen
verschiebbaren Kolben (43) einschließt, der ein
erstes Ende (43a) hat, welches vorübergehend
zum Öffnen oder Schließen der oberen Fluidöff-
nung (39) im Separator (41) verschiebbar ist;
und
eine Druckgasquelle, positioniert in der Fluid-
kammer (50) zur Abgabe einer Ladung von Gas,
bei Bedarf, nach oben durch die obere Fluidöff-
nung (39), wenn sich die obere Fluidöffnung (39)
in einem offenen Zustand befindet, wobei die
Gasladung nach oben in eine Unterseite einer
Materialbrücke über dem Trichterauslass (12)
strömt, um die Materialbrücke von unten aufzu-
brechen und es dadurch zu ermöglichen, dass
das förderbare Material (20) das die Brücke bil-
det in die Materialaufnahmekammer (35) im För-
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dersystem (30) fällt.

2. Das Fördersystem gemäß Anspruch 1, wobei der
Kolben (43) einen Schaft (43c) umfasst, wobei das
erste Ende (43a) eine elastische Kappe (44) ein-
schließt, um die Fluidöffnung (39) zu blockieren,
wenn der Kolben (43) sich in einem geschlossenen
Zustand befindet, und ein zweites Ende (43e) größer
ist als das erste Ende (43a), wobei das zweite Ende
(43e) in einer weiteren Kammer (53) positioniert ist,
wobei das zweite Ende (43e) eine Oberseite (43d)
und eine Unterseite (43b) hat, die voneinander durch
eine verschiebbare Dichtung (43f) isoliert sind, wo-
bei der Kolben (43) auf einen Druckunterschied zwi-
schen der Oberseite (43d) und der Unterseite (43b)
des zweiten Endes (43e) reagiert, um den Kolben
(43) axial aus einem geschlossenen Zustand in ei-
nen offenen Zustand oder aus einem offenen Zu-
stand in einen geschlossenen Zustand zu verschie-
ben durch Änderung des Druckunterschieds auf ge-
genüberliegende Seiten des zweiten Endes (43e) .

3. Das Fördersystem gemäß Anspruch 1, worin
die obere Fluidöffnung (39) entlang der Zentralachse
(9) positioniert ist.

4. Das Fördersystem gemäß Anspruch 1, das eine
Steuereinheit (60) einschließt, um die obere Fluid-
öffnung (39) als Reaktion auf einen Strömungszu-
stand im Schwerkrafttrichter (10) manuell zu öffnen
und zu schließen.

5. Das Fördersystem gemäß Anspruch 1, das einen
Sensor (70) einschließt, um das Vorhandensein ei-
ner Brücke im Trichter (10) zu erfassen, wobei der
Sensor (70) mit einer Steuereinheit (60) verbunden
ist, um die obere Fluidöffnung (39) entweder auto-
matisch oder durch Betätigung durch einen Bediener
vorübergehend zu öffnen.

6. Das Fördersystem gemäß Anspruch 1, wobei im Be-
trieb die Fluidkammer (50) im Brückenbrecher (40)
einen Staudruck P2 hat, der geringer ist als der Druck
P1 oberhalb der Brücke und die Gasladung einen
kontinuierlich strömenden Luftstrom, einen variabel
strömenden Luftstrom, einen einzelnen Luftimpuls
oder einen wiederholten Luftimpuls umfasst.

7. Das Fördersystem gemäß Anspruch 1, wobei der
Kolben (43) eine Druckfeder (46) umfasst, um den
Kolben (43) normalerweise in Abwesenheit eines
Steuersignals von einer Steuereinheit (60) in ge-
schlossenem Zustand zu halten.

8. Ein Verfahren zum Brechen einer Brücke, die durch
ein förderbares Material (20) in einem Fördersystem
gebildet wird, wie in einem beliebigen der Ansprüche
1-7 ausgeführt, wobei das Verfahren folgende

Schritte umfasst:

das Leiten des förderbaren Materials (20) in den
Schwerkrafttrichter (10) bis das förderbare Ma-
terial (20) eine Brücke über dem Trichterauslass
(12) bildet;
das vorrübergehende Leiten einer Ladung von
Druckgas nach oben durch den Trichterauslass
(12) und in die Unterseite (20a) der Brücke, um
die Brücke aufzubrechen.

9. Das Verfahren gemäß Anspruch 8, worin das Druck-
gas Luft ist, folgenden Schritt einschließend: das Lei-
ten der Luftladung durch die nach oben weisende
Fluidöffnung (39) im Austausch mit der Fluidkammer
(50), die Luft enthält bei einem Druck P2, der kleiner
oder gleich einem Druck P1 oberhalb des brücken-
bildenden Materials ist.

10. Das Verfahren gemäß Anspruch 9, worin die Fluid-
öffnung (39) als Reaktion auf ein Bedarfsignal von
einer Steuereinheit (60) geöffnet und geschlossen
wird.

11. Das Verfahren gemäß Anspruch 9, wobei die Fluid-
öffnung (39) als Reaktion auf das Erfassen der An-
wesenheit einer Brücke im Trichter (10) geöffnet und
geschlossen wird.

12. Das Verfahren gemäß Anspruch 8, worin das Druck-
gas Luft ist und die Luftladung vertikal nach oben
von der Fluidöffnung (39) geleitet wird und das Ma-
terial (20) daran gehindert wird in die Fluidöffnung
(39) zu strömen, entweder durch schnelles Schlie-
ßen der Fluidöffnung (39) oder durch Aufrechterhal-
tung eines Strömung durch die Fluidöffnung (39), die
ausreicht, um förderbares Material (20) von der Flu-
idöffnung (39) fort zu lenken.

13. Das Verfahren gemäß Anspruch 12, wobei die Luft-
ladung von der Fluidkammer (50) in den Brücken-
brecher (40) und durch die Materialaufnahmekam-
mer (35) in das Fördersystem strömt, bevor sie in
den Trichterauslass (12) eintritt.

Revendications

1. Système de transport comprenant :

une trémie à gravité (10) ayant une ouverture
d’entrée supérieure (11) pour recevoir un maté-
riau transportable (20), une sortie de trémie in-
férieure (12) pour diriger le matériau transpor-
table depuis celle-ci et un axe vertical central (9)
s’étendant à travers ladite entrée supérieure
(11) et ladite sortie inférieure (12), dans lequel
le matériau transportable (20) est sujet à former
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un pont au-dessus de la sortie de trémie infé-
rieure (12) empêchant ainsi l’écoulement du ma-
tériau transportable (20) depuis la trémie à gra-
vité (10) ;
un boîtier (32) comportant une chambre de ré-
ception de matériau (35) reliée à la sortie de
trémie (12) pour transporter le matériau trans-
portable (20) à distance de la sortie de trémie
inférieure (12) ;
un briseur de pont (40) situé le long dudit axe
vertical central (9), verticalement sous la sortie
de trémie inférieure (12) et la chambre de ré-
ception de matériau (35), avec ledit briseur de
pont (40) comportant une chambre de fluide (50)
à l’intérieur et un orifice de fluide supérieur (39)
situé dans un séparateur (41) entre la chambre
de réception de matériau (35) et la chambre de
fluide (50) dans le briseur de pont (40), ledit bri-
seur de pont (40) incluant un piston coulissant
(43) ayant une première extrémité (43a) pou-
vant être déplacée momentanément pour
ouverture et fermeture de l’orifice de fluide su-
périeur (39) dans le séparateur (41) ; et
une source de gaz sous pression située dans la
chambre de fluide (50) pour une distribution à
la demande d’une charge de gaz vers le haut à
travers l’orifice de fluide supérieur (39) quand
l’orifice de fluide supérieur (39) est dans un état
ouvert avec la charge de gaz s’écoulant vers le
haut sous un pont de matériau au-dessus de la
sortie de trémie (12) pour désintégrer le pont de
matériau depuis le dessous permettant ainsi au
matériau transportable (20) formant le pont de
tomber dans la chambre de réception de maté-
riau (35) dans le système de transport (30).

2. Système de transport selon la revendication 1 dans
lequel le piston (43) comprend un arbre (43c) avec
la première extrémité (43a) comportant un bouchon
résiliant (44) pour bloquer l’orifice de fluide (39)
quand le piston (43) est dans un état fermé et une
seconde extrémité (43e) plus grande que la première
extrémité (43a) avec la seconde extrémité (43e) si-
tuée dans une autre chambre (53) avec la seconde
extrémité (43e) ayant une face supérieure (43d) et
une face inférieure (43b) isolées l’une de l’autre par
un joint coulissant (43f), ledit piston (43) étant sen-
sible à une pression différentielle entre la face su-
périeure (43d) et la face inférieure (43b) de la se-
conde extrémité (43e) pour déplacer axialement le
piston (43) d’un état fermé vers un état ouvert ou
d’un état ouvert vers un état fermé par le changement
de pression différentielle sur des faces opposées de
la seconde extrémité (43e).

3. Système de transport selon la revendication 1 dans
lequel l’orifice de fluide supérieur (39) est situé le
long de l’axe central (9).

4. Système de transport selon la revendication 1 in-
cluant une station de commande (60) pour ouvrir et
fermer manuellement l’orifice de fluide supérieur
(39) en réponse à un état d’écoulement dans la tré-
mie à gravité (10).

5. Système de transport selon la revendication 1 in-
cluant un capteur (70) pour détecter la présence d’un
pont dans la trémie (10) avec le capteur (70) con-
necté à une station de commande (60) pour ouvrir
momentanément l’orifice de fluide supérieur (39) soit
automatiquement soit par l’actionnement d’un opé-
rateur.

6. Système de transport selon la revendication 1 dans
lequel, en fonctionnement, la chambre de fluide (50)
dans le briseur de pont (40) est à une pression de
stagnation P2 qui est inférieure à la pression P1 au-
dessus du pont et la charge de gaz comprend un jet
d’air à écoulement continu, un jet d’air à écoulement
variable, une simple impulsion d’air ou un impulsion
d’air répétée.

7. Système de transport selon la revendication 1 dans
lequel le piston (43) inclut un ressort de compression
(46) pour maintenir normalement le piston (43) dans
un état fermé en l’absence d’un signal de commande
venant d’une station de commande (60).

8. Procédé pour briser un pont formé par un matériau
transportable (20) dans un système de transport se-
lon l’une quelconque des revendications 1-7), le pro-
cédé comprenant les étapes de :

diriger le matériau transportable (20) dans la tré-
mie à gravité (10) jusqu’à ce que le matériau
transportable (20) forme un pont au-dessus de
la sortie de trémie (12) ;
diriger momentanément une charge de gaz
sous pression vers le haut à travers la sortie de
trémie (12) et au-dessous (20a) du pont pour
briser le pont.

9. Procédé selon la revendication 8 dans lequel le gaz
sous pression est de l’air et incluant l’étape de diriger
la charge d’air à travers l’orifice de fluide (39) faisant
face vers le haut en communication avec la chambre
de fluide (50) contenant de l’air à une pression P2,
qui est inférieure ou égale une pression P1 au-des-
sus du matériau formant un pont.

10. Procédé selon la revendication 9 dans lequel l’orifice
de fluide (39) est ouvert et fermé en réponse à un
signal à la demande venant d’une station de com-
mande (60).

11. Procédé selon la revendication 9 dans lequel l’orifice
de fluide (39) est ouvert et fermé en réponse à la
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détection d’une présence d’un pont dans la trémie
(10).

12. Procédé selon la revendication 8 dans lequel le gaz
sous pression est de l’air et la charge d’air est dirigée
verticalement vers le haut depuis l’orifice de fluide
(39) et le matériau (20) est empêché de s’écouler
dans l’orifice de fluide (39) soit par une fermeture
rapide de l’orifice de fluide (39) ou en maintenant un
écoulement à travers l’orifice de fluide (39) suffisant
pour écarter le matériau transportable (20) de l’ori-
fice de fluide (39).

13. Procédé selon la revendication 12 dans lequel la
charge d’air s’écoule depuis la chambre de fluide
(50) dans le briseur de pont (40) et à travers la cham-
bre de réception de matériau (35) dans le système
de transport avant d’entrer dans la sortie de trémie
(12).
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