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Description

Background of the Invention

[0001] This invention relates to a material transport system including loss-in-weight feeders and their control systems.
[0002] In some bulk material transport systems some materials, when put into a material container, do not flow out
consistently and uniformly without some assistance. In one example, a difficult material may form a self-supporting arch
or bridge in the material container, which completely blocks the flow of material to a feeder at the outlet of the material
container. The feeder may discharge the loose material below the bridge and then material flow from the feeder may
stop even though there is a great deal of material still in the material container. A second failure mode is referred to as
a rat hole, which is a narrow vertically oriented tunnel through the material. A rat hole often forms above a bridge and
provides a restricted material flow path to the feeder at the outlet of the material container. The result is a sporadic or
limited flow of material to the feeder as material from the top surface falls into the rat hole. Usually the flow stops long
before the material container is empty. Lesser degrees of these conditions also occur. In these cases, a bridge or rat
hole may form and later collapse spontaneously. Although material flow to the feeder may not be stopped completely it
still affects the consistency of the feeder performance.
[0003] US 2004/042335 discloses an apparatus and method for injecting dry bulk amendments for water and soil
treatment. An outer silo or hopper stores a hulk product and rests on load cells providing for a signal related to the weight
of the outer silo. An inner hopper is designed to discharge the bulk product. The hoppers are specifically mass flow
engineered to provide true, first-in-first-out free-flow of a particular dry amendment, with consistent bulk density and
without bridging under almost all conditions. In case of excessive humidity and if the net dry product weight remains
virtually unchanged for a given amount of time i.e. in case the mass flow out of the hopper to the discharge is interrupted,
a vibrator is energized to vibrate the hopper. Furthermore, it is disclosed that a common mistake in such systems is
over-vibrating the hopper, which is known be the one skilled to actually worsen and magnify a bridging condition and
may also dramatically alter the bulk density of the stored product.
[0004] GB 2 239 966 discloses a gravimetric weight loss feeding apparatus for controlling the discharge of dry materials.
An error signal is generated which represents the averaged actual difference between a predicted weight loss and the
actual weight loss, and which is taken as the control signal for a conventional proportional-integral speed controller of
the discharge device.

Summary of the Invention

[0005] In one embodiment of the method of the present invention involves a bulk material handling system having a
material feeder, a material container configured to discharge material to the material feeder and a vibrator configured
to vibrate the material container. The method includes maintaining consistent flow that includes a) periodically calculating
a process variable associated with a material flow characteristic of the feeder during operation of the feeder, b) determining
a process variable slope during a selected time interval, the process variable slope defined as a rate of change in the
process variable, c) determining a difference between the process variable slope and a threshold value, and d) adjusting
the operation of the vibrator based on the value of the difference determined between the process variable slope and
the threshold value.
[0006] In one embodiment, the difference between the process variable slope and the threshold value is indicative of
a deteriorating flow condition in the material container.
[0007] In a further embodiment, the process variable is an average feed factor calculated by the equation: 

wherein FFavg is the average feed factor, MF is the mass flow rate through the feeder and %MS is a ratio of a current
motor speed of the feeder to a maximum motor speed of the feeder and N is a predetermined number of time intervals.
In one embodiment of the method, adjusting the operation of the vibrator includes changing the amplitude of vibration.
In another, adjusting the operation of the vibrator includes changing the frequency of vibration or adjusting the operation
of the vibrator includes increasing the amplitude of vibration by a predetermined amount when the value of the difference
between the process variable slope and the threshold value is less than zero.
In a further embodiment, adjusting the operation of the vibrator includes increasing the amplitude of vibration when the
difference between the process variable slope and the threshold value is less than zero and decreasing the amplitude
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of vibration when the difference between the process variable slope and the threshold value is greater than or equal to zero.
In one embodiment, the selected time interval is based at least in part upon a user defined set-point, and the user defined
set-point is based at least in part upon a selected flow rate of material through the feeder.
In one embodiment, the method further includes establishing a minimum output for the vibrator, and adjusting the
minimum output for the vibrator based upon the difference determined between the process variable slope and the
threshold value.
In one embodiment of the method, the vibrator frequency is adjustable and the method further includes setting the
vibrator frequency to operate at a frequency that is based upon a system resonance point. In one embodiment, the
adjusting the operation of the vibrator takes place in advance of a significant flow disruption in the material container.
[0008] In one embodiment of the method, the significant flow disruption is characterized by a material flow rate through
the material container that is substantially different from a material flow rate through the material feeder. The method
further includes adjusting the threshold value in response to the detection of a flow condition in the material container.
Wherein the flow condition is characterized by the process variable being substantially constant for a selected period.
In one embodiment, the flow condition is characterized by the process variable being substantially different for a selected
period.
In one embodiment, the flow condition is associated with a weight disturbance. In another embodiment, the flow condition
is taken from the group consisting of a) a change in mass flow from the material container in excess of a predetermined
value, b) vertical tunneling, c) bridging, and d) a significant time without a negative flow condition.
[0009] In one embodiment of the method, the adjusting the operation of the vibrator based on the value of the difference
between the process variable slope and the threshold value includes decreasing at least one of vibrator amplitude and
vibrator frequency when the value of the difference determined between the process variable slope and the threshold
value is greater than zero after a selected time period. The method further includes adjusting at least one of vibrator
frequency and vibrator amplitude based on the fill level in the material container.
[0010] In one embodiment, a bulk material transfer system includes a bulk material container, a process aid with a
variable output engaged with the bulk material container, a feeder positioned to receive bulk material from the bulk
material container, and configured to transfer the bulk material through the feeder, and a control system configured to
identify a trend associated with the transfer of bulk material through the feeder and configured to affect a change in the
variable output of the process aid based on the trend.
In one embodiment, the control system is configured to a) periodically calculate a process variable associated with a
material flow characteristic of the feeder during operation of the feeder, b) determine a process variable slope defined
as a rate of change in the process variable during a selected time interval, c) determine a difference between the process
variable slope and a threshold value, and d) adjust the operation of the process aid based on the value of the difference
determined between the process variable slope and the threshold value.
In one embodiment of the system, the process aid is mounted outside the material container. In one embodiment, the
material container is an asymmetrical feed hopper. In one embodiment, the feeder is a loss-in-weight feeder. In one
embodiment, the process aid is a vibrator. In another embodiment, the process aid is taken from the group consisting
of, a vertical agitator, an air bladder, an air pad, an air injector, an impactor, an auger, a horizontal agitator, a sonic
device, an acoustic device, and a mechanically actuated flexible liner.
[0011] In one embodiment, the process aid is dynamically adjustable to allow the variable application of energy from
a lower level of energy when deteriorating flow conditions are not detected to a higher level of energy in when deteriorating
flow conditions are detected. In one embodiment, the trend is associated with a material flow condition in the system.
The material flow condition includes a substantial disparity between a material flow rate through the material container
and a material flow rate through the feeder.
[0012] In one embodiment, the trend is associated with a process indicator and the controller is configured to change
the variable output of the process aid based at least in part on the process indicator. The controller changes the variable
output based at least in part upon a comparison of the process indicator to an indicator threshold.
[0013] In one embodiment, the process indicator includes a rate of change in a process variable during a selected
time interval. In one embodiment, the process variable is a characteristic of the feeder. In one embodiment, the process
variable is determined by the equation: 

wherein PV is the process variable, FR is a flow rate through the feeder, % FR is a ratio of a current motor speed of the
feeder to a maximum motor speed of the feeder, and N is a time factor taken from the group consisting of a predetermined
number of time intervals and a predetermined period of time.
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[0014] In one embodiment, the indicator threshold is based upon a material processing characteristic.
[0015] In a material handling system having a material feeder, a material container configured to discharge material
to the material feeder and a process aid engaged with the material container, a method including determining a process
indicator associated with a material flow characteristic of the feeder during operation of the feeder, determining a difference
between the process indicator and an indicator threshold value, and adjusting the operation of the process aid based
on the value of the difference determined between the process indicator and the indicator threshold value.
[0016] In one embodiment, the difference between the process indicator and the indicator threshold value is indicative
of a deteriorating flow condition in the material container. The process indicator includes a rate of change in a process
variable during a selected time interval.
In one embodiment, the process variable is an average feed factor calculated by the equation: 

wherein FFavg is the average feed factor, MF is the mass flow rate through the feeder and %MS is a ratio of a current
motor speed of the feeder to a maximum motor speed of the feeder and n is a predetermined number of time intervals.
[0017] In one embodiment of the system, the process aid is a vibrator and adjusting the operation of the process aid
includes varying at least one of an amplitude and a frequency of the vibrator.
Adjusting the operation of the process aid takes place in advance of a significant flow disruption in the material container.
The significant flow disruption is characterized by a material flow rate through the material container that is substantially
different from a material flow rate through the material feeder.
[0018] In one embodiment, the method further includes adjusting the indicator threshold value in response to the
detection of a flow condition in the material container. The flow condition is characterized by a process variable being
substantially constant for a selected period.
[0019] In one embodiment of the method, further includes establishing a minimum output for the process aid, and
adjusting the minimum output for the process aid based upon the difference determined between the process indicator
and the indicator threshold value.
[0020] In one embodiment, the process aid includes a vibrator and the minimum output for the process aid is a vibrator
amplitude that is approximately the lowest operational vibrator amplitude of the material handling system.

Brief Descriptions of the Drawings

[0021] The accompanying drawings, which are incorporated herein and constitute part of this specification, illustrate
embodiments of the invention, and, together with the general description given above and the detailed description given
below, serve to explain various features of the invention:

FIG. 1 is a schematic view of an exemplary system in accordance with one embodiment of the invention;
FIG. 2 is a schematic view of another exemplary system in accordance with one embodiment of the invention;
FIGs. 3A-3C provides an exemplary flow chart of a process for controlling a process aid during the operation of a
material transfer system ;
FIG. 4 provides an exemplary flow chart of a process for selecting the sample time of the process of FIGs. 3A-3C; and
FIG. 5 provides an exemplary flow chart of a process for adjusting the process aid floor according to one embodiment
of the present invention.

[0022] The above have been offered for illustrative purposes only, and are not intended to limit the scope of the
invention of this application, which is described more fully in the drawings and claims sections set forth below.

Detailed Description of Preferred Embodiments

[0023] FIG. 1 illustrates an embodiment of a bulk material transfer system 100. The embodiment of FIG. 1 is intended
as an example and should not be considered limiting. The bulk material transfer system 100 may be used for feeding
bulk materials, for example, solids (such as granules, pellets, fibers, and powders), slurries, or liquids, or any combination
of the foregoing. Examples of such materials include: TiONA RCL-69, Tytanpol R-003, Granulated Sulphur Mix, 5-ASA
Mesalazine, IRGANOX 1010, Steamic OOS, IRGAFOS 168, Zinc Stearate, Div. Ca-Stearates, Zinc Oxide, Crodamide
ER, Div. Chimassorbe (2020, 944, 119), Say-tex 8010, Fosetyl-Aluminium Technical, Sodium Benzoate, IRGANOX
1098, Tinuvin 622, IRGANOX 130, Red Seal Zink, Code F IUB, Magnesium Stearate, Finawax E, and Pancake mix-
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Perkadox 14-40B-PD, Uniplex FE-700 + Acrowax, Hycite, Irgastab NA UH 11, Irgaclear DM, Irgaclear D, DHT-4a, and
Millad 3988. In one embodiment, bulk material transfer system 100 avoids or limits the formation of bridges, rat holes,
and/or weighing disturbances, and resulting flow irregularities, as bulk material is dispensed.
[0024] In one embodiment, bulk material transfer system 100 includes material container 101, feeder 102, process
aid 103, and controller 104. In some applications, bulk material transfer system 100 is a loss-in-weight feeder system.
[0025] In one embodiment of FIG. 1, bulk material transfer system 100 includes bulk material container 101 (e.g., a
hopper). Material container 101 holds material to be fed using the bulk material transfer system 100. The material held
in the material container 101 may be periodically replenished using a storage container (not shown) or other filling
equipment or other means.
[0026] In one embodiment, material container 101 discharges material to feeder 102. According to some arrangements,
material container 101 funnels the material primarily by gravity. The shape of the material container 101 may be sym-
metrical or asymmetrical. The shape of the material container 101 may be cylindrical, square, hexagonal, conical, frusta-
conical, elliptical, or asymmetrical and/or have a wider fill portion located above a smaller discharge portion. While FIG.
1 illustrates a single material container 101, multiple containers may be provided.
[0027] Material container 101 in FIG. 1 may be made from a multitude of materials including wood, metals, plastics,
and elastomers. For example, steel, stainless steel, aluminum, or other metal may be used where appropriate for the
environment in which the material container is utilized and the type of material being handled. The volume of the container
101 may be, for example, 50-180 liters.
[0028] In one embodiment, feeder 102 receives material discharged from the bulk material container 101 and transfers
the material that ultimately is supplied to a receptacle, container or other destination. Feeder 102 may transfer the
material directly to the receptacle, container or other destination, or other equipment position between feeder 102 and
the destination. As shown in the embodiment of FIG. 1, feeder 102 includes screw 102-1 that may be driven by drive
motor 102-2 and has a discharge end 102-3. Feeder 102 may include one or more augers, agitators, vibratory trays,
belts, screw feeders, rotary paddles, or other type device that are configured to transfer material with an appropriate
drive. In some applications, it is desirable that feeder 102 transfer material continuously and precisely. For example,
feeder 102 may be controlled to deliver the particular volumetric or mass flow rate output desired by the user.
[0029] More particularly, in the example depicted in FIG. 1, feeder 102 is a screw feeder located below and contiguous
to the material container 101 so that material will flow by gravity out the discharge portion of the material container 101
directly into the feeder 102. Feeder 102 may then transfer the material by turning its screw at a rotational speed com-
mensurate with the required flow rate. As described below, smooth and unobstructed flow of material from the material
container 101 to the feeder 102 may be achieved.
[0030] The bulk material transfer system 100 further includes controller 104 and process aid 103 configured to apply
energy to the material container 101 in material container 101. In one embodiment, process aid 103 is configured to
apply energy to container 101 (e.g., in response to control signals sent by controller 104 via control line 107). Also, in
the embodiment of FIG. 1, the controller 104 connects to the feeder 102 via control line 105.
[0031] In one embodiment, material container 101 has a discharge end that transfers material directly to a feeder 102
that further transfers the material through the feeder. In one embodiment, system 100 includes a process aid 103 with
a variable output such that the energy coupled from the process aid 103 to the material container 101 can be varied.
Process aid 103 may be coupled to the material container 101 to assist the flow of material from the material container
101. For example, process aid 103 may be coupled to the outside of material container 101. In one embodiment, process
aid 103 includes any device configured to impart energy to material contained within material container 101.
[0032] In one embodiment, process aid 103 is coupled to the outside of material container 101. In some applications,
it is preferable not to have objects inside the material container or penetrating the material container wall. An exemplary
benefit of coupling process aid 103 to the outside of material container 101 is to avoid process aid 103 coming into
contact with material within material container 101. In some applications, such as where contact with material is not
problematic, process aid 101 may be located within material container 101.
[0033] In one embodiment, process aid 103 is dynamically adjustable. For example, process aid 103 may be adjusted
automatically during the operation of system 100. In some applications, process aid 103 is dynamically adjusted in
response to operation characteristics of system 100. For example, those operation characteristics may be a function of
the rate of material flow through system 100 or through an individual component of system 100 such as feeder 102.
[0034] By way of further example, an output of process aid 103 may be varied under control of the controller 104 so
as to vary the energy applied to the material container 101 and/or the material and material container 101. Various types
of process aids may be used. In one embodiment, the process aid 103 may include one or more electro-mechanical
actuators or vibrators that are connected to the exterior of the material container 101. The vibrator’s amplitude and
frequency may be dynamically and independently adjustable over ranges, and the vibrators may be connected for closed-
loop amplitude and frequency feedback control.
[0035] In one embodiment, where the process aid includes a vibrator, the vibrator may be operated at a frequency at
or near the system’s resonance frequency. In one application, operating the vibrator at or near the resonance frequency
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permits the vibrator to achieve the desired amplitude modulation efficiently. Thus, the controller 104 may adjust or vary
the amplitude or frequency as necessary in response to a current operating condition. Examples of process aid 103
include a vertical agitator (e.g., top or bottom driven low speed vertical agitators), air bladders, air pads (e.g., BinMaster
model Airbrator), air injectors (e.g., WAM Group Part# UO25), impactors, augers, horizontal agitators, sonic devices,
acoustic devices, mechanically actuated flexible liners like the Brabender Flex Wall Feeder, model no. DDW-MD5-FW40
and K-Tron Shear Hopper, part no. 0913900080, custom container configurations, combinations thereof and the like. In
some embodiments, process aid 103 is located around the interior perimeter of the container.
[0036] In one embodiment, vertical agitators are process aids that are located around an interior perimeter of the
material container. In some configurations, dynamic control of the agitator is made by adjusting the speed of the agitator
motor in some embodiments the adjustment is made in accordance with a speed profile (e.g., during a time interval).
The same control techniques can be applied to a horizontal agitator.
[0037] Air nozzles or air pads located in a material container wall may be used to aerate material to promote flow. By
controlling the amount of air introduced over a time interval, as well as sequencing of individual or multiple units, control
of these devices may be achieved. In one embodiment, an air pad disperses air over a larger area then an air nozzle.
The air pad may also vibrate as air escapes from between the material container wall and its elastomer cone. In one
embodiment, the vibration is uncontrolled.
[0038] In one embodiment, an air bladder is an airtight flexible membrane attached to the interior wall of the material
container. In some configurations multiple air bladders are placed in a material container. The bladder may be inflated
with air to move the material in the material container and promote flow. The air bladders may also be inflated and
deflated in sequence so that the interior volume of the material container is held constant and the material is only shifted
and not compacted. Control of the air bladder can be accomplished by varying rate, period, and volume of inflation as
well as the sequencing of multiple bladders. In one configuration, air can be rapidly pulsed into the bladder to create
shock waves or vibration in the bulk material to promote flow.
[0039] Flexible wall material containers may be actuated by mechanical devices to promote material flow. In one
embodiment, the flexible walls are moved by a fixed mechanical linkage driven by a motor resulting in a constant
displacement and a constant displacement profile. In the simplest control scheme, the motor speed can be varied. Using
more sophisticated motion control devices or mechanics, a variable displacement, speed, and motion profile can be
generated.
[0040] Acoustic and sonic devices for flow aids may take the form of a tuned horn in order to generate sufficient power
to affect the material flow. The acoustic and sonic devices need not be run continuously. To actively control the acoustic
and sonic devices, the time duration of the blast and the time between blasts can be varied. In addition, where multiple
horns are employed the sequencing of the horns can be controlled.
[0041] For example, if the process aid 103 includes an air injector system, the variable output may correspond to an
increase or decrease in air pressure and/or an increase or decrease in air pulse frequency. In an embodiment in which
the process aid 103 includes an acoustic wave generator, the variable output may correspond to an increase or decrease
in acoustic amplitude and/or frequency.
[0042] The bulk material transfer system 100 may also include a weight scale system 106. In one embodiment,
controller 104 connects to weight scale system 106 via control line 108. The weight scale system 106 may include load
cells or scales that continuously measure the weight of the material container 101, feeder 102, or process aid 103, or a
combination of these. In one embodiment, weight scale system 106 is configured to determine the weight of material in
these structures. In one embodiment, an array of load cell transducers may be configured to measure the weight of the
material container 101, feeder 102, and process aid 103, and sense the weight of the material being discharged from
feeder 102 by, for example, subtracting the tare weight of the same components. The weight of the material may be
continuously sensed by the load cells and the data processed by controller 104. The load cells may include filters that
filter noise from external electronic devices, mechanical movement of the feeder, and environmental effects, such as
vibration from nearby machines. The load cells may be, for example, 120kg SFT-II Part #310190042 and 90kg D5
Platform Scale Part# 0000000003, manufactured by K-Tron International Inc. of Pitman, New Jersey.
[0043] Controller 104 may sense input data, compile, analyze, store, and output data to the components connected
to it. In one embodiment, the control system includes a controller 104 that communicates with the weight scale system
106, the feeder 102, and the process aid 103. The controller 104 can receive data from the weight scale system 106
over control line 108, which may be a serial weight channel. The controller 104 may also monitor and control the operation
of the feeder 102 (e.g., via control line 105); and monitor and control the operation of the process aid 103 via control
line 107. An example of a controller is the K-Tron Control Module, KCM LWF part nos. 0000004041 and 0000002610.
[0044] FIG. 2 illustrates another embodiment of a bulk material transfer system. FIG. 2 includes the same general
components as FIG. 1, except as provided below. The bulk material transfer system 200 of FIG. 2 includes a first controller
204-1 and a second controller 204-2. In one embodiment, the functions of the first controller 204-1 and the second
controller 204-2 are performed in controller 104. In one embodiment, the first controller 204-1 is connected to the feeder
102, the scale system 106, and the second controller 204-2. The second controller 204-2 may connect to the process
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aid 103 and the scale system 106. An example of the second controller 204-2 is the K-Tron ActiFlow Control Unit part
no. 0000015859. In one embodiment, process aid 103 which may be a vibrator 203 is configured to apply energy to the
material in material container 101 under control of controller 204-2 (e.g., indirectly by applying energy to material container
101 or directly). The second controller 204-2 can store a floor setting, as discussed below. More particularly, the second
controller 204-2 may receive data from the scale system 106, the process aid 103, and the feeder 102 and control
process aid 103 with closed-loop feedback control. Alternatively or in addition, controller 204-1 may receive data from
the feeder 102, the scale system 106 and the process aid 103 and control the process aid 103 via controller 204-2 with
closed-loop feedback control. As above, the process aid 103 may be controlled to vary the energy applied by the process
aid 103 to the material container 101.
[0045] An example of system operation will now be provided using the bulk material transfer system 100 of FIG. 1 as
an example. Generally, material flow through the bulk material transfer system begins with the material container 101
being filled by a storage container or other fill device (not shown). In one embodiment, the material container 101 funnels
material from the fill portion to the discharge portion, primarily by gravity, and into the feeder 102 located below and
contiguous to the material container’s discharge portion. The feeder 102 may then transfer the material by screw feed
to a discharge end of the feeder 102-3 where the material is discharged into some receptacle or processing equipment
(not shown). Process aid 103, under control of controller 104, may assist material flow through the material container 101.
[0046] In one embodiment, without the process aid 103 a material, such as a fine powder, may form a self-supporting
arch or bridge in the material container 101, which may affect the flow of material to the feeder 102. The feeder 102 may
discharge loose material below the bridge and then material flow from the feeder 102 may stop even though there is a
great deal of material still in the material container 101.
[0047] Various process variables may be ascertained to provide system performance-information and/or used to
provide operational adjustments to system 100. For example, controller 104 may receive continuous weight data from
the weight scale system 106, and calculate a discharge mass flow rate from the feeder 102. For example, the discharge
mass flow rate may be the difference in material weight (ΔW) over a period of time (Δt). The discharge flow rate may be
compared to a user defined set-point of the mass flow rate.
[0048] In general, the process variable may be any of several values that characterize or are indicative of the material
flow through the system. For example, the process variable may be a mass flow rate, the InstFF, an average instantaneous
speed flow factor (InstFFavg), a rate of change of the InstFFavg during a selected time interval, or other material flow
characteristic of the system.
[0049] In one embodiment, controller 104 is configured to predict and/or detect deteriorating flow conditions. Comp-
troller 104 may be further configured to control process aid 103 to intervene preemptively, to arrest, and, in some
embodiments, reverse the deteriorating flow conditions. In some embodiments, a process variable is determined by the
system and used project or detect the deteriorating flow condition. For example, controller 104 may identify a trend
associated with the transfer of material through the feeder 102 and then change the variable output of the process aid
103 based on the identified trend. The trend identified by the controller 104 may be associated with a process characteristic
of the system, such as (e.g., a changing process) variable heralding a material flow condition. In one embodiment that
changing process variable may be a changing efficiency factor. In one embodiment that changing process variable is a
changing instantaneous feed factor (described below) or a function of a changing instantaneous feed factor (e.g., an
average feed factor as described below). In one embodiment, a change to the variable output of the controller is based
on a comparison of the process characteristic (e.g., a process variable) to a process characteristic set-point (e.g., a
process variable set-point). In one embodiment, the process characteristic is a rate of change in a process variable
during a selected time interval.
[0050] Alternatively or in addition, controller 104 may identify a trend associated with the transfer of material through
feeder 102 and change the variable output of the process aid 103 based on the identified trend. In one embodiment, a
component of the identified trend is a measure of the time over which that trend is observed. Thus, for example, the
trend identified by the controller 104 may be associated with a process characteristic of the system, such as a change
in a process variable during a selected time interval (e.g., a process variable associated with feeder 102, material
container 101, or another system component).
[0051] The selected time interval may be a period of time selected in advance. In one embodiment, the selected time
interval may be selected from a look-up table during the operation of the system, and in yet another embodiment, the
selected time interval may be automatically selected, for example, as discussed below in connection with FIG. 4. In one
embodiment, the selected time interval is set by a user. The selected time interval may be based, at least in part, upon
a user defined set-point based on a selected flow rate of the material through the system (e.g., through feeder 102,
through material container 101 or through another component of system 100, 200) such as described below.
[0052] Various process variables may be used by controller 104 to determine when to adjust process aid 103. In some
configurations, the process variables are associated with a material flow characteristic. In one embodiment, a process
variable termed an instantaneous feed factor (InstFF) may be used. In one embodiment, InstFF provides a snapshot
estimate of the bulk material transfer system’s operational performance (including for example, its operational efficiency).



EP 2 340 109 B1

8

5

10

15

20

25

30

35

40

45

50

55

An InstFF may correspond to the calculated discharge mass flow rate from the feeder divided by the feeder screw speed
(taken during the time period with which the mass flow rate was calculated, e.g., 250 ms) as a percentage of the maximum
feeder screw speed i.e., 100%. For example, if the feeder screw speed is operating at 40% of its maximum speed, and
the feeder’s mass flow rate is calculated as 65 Kg/h, the InstFF would be calculated as 65/0.4 = 162.5 Kg/h. Thus,
theoretically the feeder 102, at that moment in time, could achieve a maximum mass flow rate of 162.5 kg/h when the
feeder screw is operating at 100% speed. In one embodiment, the InstFF may be a process variable associated with a
material flow characteristic of the feeder 102.
[0053] In one embodiment, the process variable is calculated as the summation of instantaneous feed factors during
a predetermined number of time intervals (which may or may not be the selected time intervals), divided by the percentage
ratio of the current motor speed of the feeder to maximum motor speed of the feeder, divided by (N) which is a time
factor which may be the predetermined number of time intervals or a predetermined period of time.
[0054] In one embodiment, the process variable is an average instantaneous feed factor (or average feed factor)
determined by Equation (1) below wherein FFavg is the for average instantaneous feed factor, MF is the measured mass
flow rate through a feeder, MS% is the percentage ratio of current motor speed of the feeder to the maximum motor
speed of the feeder, and N is a time factor which may be the predetermined number of time intervals or a predetermined
period of time. See for example, FIGS. 3A-3C steps 313-332. 

[0055] In one embodiment, system 100 may be operated with consideration given to the type of material being proc-
essed by system 100. For example, different types of materials may be associated with different flow properties or flow
characteristics that are reflective of the relative difficulty or ease with which a particular material may be processed. In
one embodiment, that difficulty or ease is reflected by a material flow characteristic. In one embodiment, system 100
may be operated with consideration given to that material flow characteristic by operating system 100 at a setting that
corresponds to the material flow characteristic. In one embodiment, the system setting is associated with a process
characteristic set-point characteristic set-point.
[0056] In one embodiment, material that is difficult to process such as cohesive powders may require a process aid
output with a higher energy level (e.g., corresponding to a greater amplitude vibration) than material that is easier to
process. Thus, a process characteristic set-point may correspond to a minimum level of energy output for process aid
103. In one embodiment, the floor setting may be a minimum output for process aid 103 during the on-going operation
of system 100.
[0057] As described in more detail herein, the output may be increased in response to a process variable during
selective periods of operation of system 100 (e.g., such as when a deteriorating flow condition is detected or predicted
to occur). The floor setting may also be adjusted to reflect long term difficulty or ease of operation. In one embodiment,
the minimum level energy output is a floor setting of process aid 103 that may be dynamically adjusted. One method for
dynamically adjusting such a floor setting is described in more detail below in connection with Fig. 5. Thus in one
embodiment, the process characteristic set-point may be reduced or increased based upon whether the material is
expected to be easy or difficult to process. It should be noted that several process characteristic set-points may be
available for selection by the user. In one embodiment, the user can specify the process characteristic set-point based
upon a menu of process characteristic set-points or by entering a process characteristic set-point that is not on the menu.
In one embodiment, a material that is easily processed may be associated with a process characteristic set-point that
is lower than a process characteristic set-point associated with a material that is more difficult to process. The process
characteristic set-point may be established by bracketing the material processing characteristics of the different materials
along a spectrum from easy to difficult categories.
[0058] As described in more detail herein, the operation of a process aid 103 may be adjusted before a significant
disruption of material flow occurs. The significant flow disruption may be characterized by a material flow rate through
material container 101 that is substantially different from a material flow rate through the feeder at a given time. In one
embodiment, prior to a significant flow disruption in the material container 101, such as a bridge, the rate of change in
the process variable during a selected time interval (i.e., in one embodiment, the process variable slope - itself a process
variable) decreases rapidly and the output of process aid 103 can be increased to maintain and/or improve material flow
in one embodiment the output of process aid 103 is increased if the difference between the process variable slope and
a threshold value is a negative value. In one embodiment, where a difference between the process variable slope and
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the threshold value is a negative number, a deteriorating flow condition is predicted in the material container.
[0059] In one embodiment, the threshold value may be adjusted in response to the flow condition characterized by
the process variable being either substantially constant or substantially different for a selected period. The selected
period is preferably a time period selected in advance. In one embodiment, the selected period is selected from a look-
up table during the operation of the system (e.g., automatically selected). In one embodiment, the threshold value may
be adjusted based upon detection of an unexpected weight disturbance.
[0060] Referring now to FIGS. 3A-3C in one embodiment, the process steps executed by controller 104, are shown.
The controller 104 may be, for example, a microprocessor-based controller.
[0061] As described in one embodiment, controller 104 is configured to identify a trend associated with the transfer
of material through the feeder and configured to affect a change in the variable output of the process aid based on the trend.
[0062] One embodiment of a processes used by controller 104 is illustrated in FIGS. 3A-3C.
[0063] In FIG. 3A at step 301, controller 104 is capable of running the illustrated algorithm at predetermined time
intervals, for example, every 250 msec. One of ordinary skill in the art would know that predetermined time intervals
may be generated at different intervals as desired and consistent with the particular system employed. In step 302,
controller 104 checks whether the feeder 102 is running or is stopped. If at step 302 the feeder 102 is not running, the
process aid 103 is adjusted to a 0% energy level output in step 303, the algorithm is exited in step 304 and step 301 is
then repeated at the appropriate interval. Should the determination at step 302 be that the feeder 102 is running, step
305 queries whether an unexpected weight disturbance condition exists. If the answer is yes, then a control disturbance
counter is incremented at step 306, the algorithm is exited in step 307, and step 301 is repeated as appropriate.
[0064] If an unexpected weight disturbance is not detected at step 306, then at step 308 the controller 104 determines
whether or not the integral control contribution of the feeder control algorithm exceeds a certain threshold. Specifically,
in the illustrated embodiment, step 308 refers to an error condition known as integral windup. Integral windup is a
Proportional Integral Derivative (PID) control term commonly used in the control industry. In one embodiment, windup
is a condition that occurs when the calculated mass flow rate is less than the set-point mass flow rate at a time when
the motor speed of the feeder is unable to increase thus generating a negative error in response. In this scenario, an
integrated error term, which is already negative, starts to decrease rapidly which in turn causes the feeder integrated
error Fiv, which is the integral portion of the PID controller output and is calculated as the drive command value minus
the most recent proportional contribution, to increase rapidly so as to try to correct for the error. During normal gravimetric
operations of a preferred embodiment of the system, the feeder integrated error Fiv normally has the same value as the
feeder’s Drive Command value, which preferably corresponds to the operating percentage of the feeder’s total screw
speed e.g., 40%. The proportional contribution is normally small.
[0065] In step 308, if the Fiv calculation is greater than a threshold value (e.g., a ceiling value) indicating that integral
windup is present, the control disturbance counter is incremented in step 309, and step 310 is reached.
[0066] At step 310, controller 104 checks for a mode of operation indication. In one embodiment, system 100 operates
in two modes (e.g., a gravimetric mode and a volumetric mode). In one embodiment, when system 100 is operating in
a first mode, controller 104 calculates a Mode 1 First Process Variable at step 312. Similarly, when system 100 is
operating in a second mode, controller 104 calculates a Mode 2 First Process Variable at step 311. In the embodiment
of Fig. 3A, in either mode, the calculated First Process Variable is used in step 313 as described in more detail below.
[0067] In one embodiment the two modes of operation of system 100 are a gravimetric mode and a volumetric mode.
In one embodiment of gravimetric mode, a drive command is adjusted to maintain mass flow through feeder 102 (e.g.,
to a selected set point). A drive command is preferably a ratio of the current motor speed of feeder 102 to the maximum
motor speed of feeder 102. A PID controller is one method used to control the feeder motor speed. In an embodiment
of volumetric mode, the drive command is kept constant (e.g., unless it is purposefully adjusted) and the calculated mass
flow will vary.
[0068] Exemplary embodiments of gravimetric mode and volumetric mode First Process Variable Calculations will
now be discussed. As illustrated in Fig. 3A, in one embodiment, at step 312, system 100 operates in volumetric mode
and the Mode 1 First Process Variable may be an instantaneous feed factor, calculated at step 312 by the equation Inst
FF = MF/DC where MF is the mass flow through feeder 102 and DC is the feeder drive command. In one embodiment,
the mass flow is a calculated value and the drive command is fixed (e.g., unless it is purposefully adjusted). For example,
if the feeder screw speed is operating at 40% of its maximum speed, and the feeder’s mass flow rate is calculated as
65 Kg/h, the InstFF would be calculated as 65/0.4 = 162.5 Kg/h.
[0069] At step 311, system 100 is in gravimetric mode and the Mode 2 First Process Variable may be an instantaneous
feed factor calculated by the equation InstFF = SP / Fiv where SP is a set-point (e.g., a mass flow set-point that is a
predetermined set-point, a user selected set-point or an automatically selected set-point) and Fiv which is the integral
portion of the PID controller output and is calculated as the drive command value minus the most recent proportional
contribution. The determination of the most recent proportional contribution may be made by any method known to those
of skill in the process control field. In one embodiment, the mass flow through the system is numerically approximately
equal to the set-point when operating in gravimetric mode and the integral portion of the PID controller output is numerically
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approximately equal to the feeder screw speed as a percentage of the maximum feeder screw speed. Of course, a
different First Process Variable may be used depending, for example, on the process aid used and the control desired.
[0070] In accordance with the example of FIGs. 3A-3C, regardless of the mode system 100 is in, at step 313, controller
104 incrementally sums the calculated First Process Variable at step 313 as process 300 loops (e.g., every 250 ms)
following the equation PV Sum = PV Sum + PV. So for example, where the First Process Variable is an Instantaneous
Feed Factor (such as described above), the incremental sum at step 313 is InstFF Sum = Inst FF Sum + Inst FF. At
step 314, controller 104 checks the number of loops. If the number of loops reaches a preset limit, controller 104 checks
if the system is empty. As one of skill in the art will appreciate, steps 314 and 315 can occur in many locations through
out the process and the preset limit can be selected by a person of skill in the art.
[0071] At step 315 the controller determines whether the system is running empty. In one embodiment, a subroutine
is performed to determine whether or not the net weight of the system is low. There are many ways of determining
whether or not a system is near empty, as one of ordinary skill in the art will appreciate. Any method may be used
consistent with the invention. If it is determined that the system is near empty, the controller at step 316 sets a system
empty flag. If the system is not near empty the flag is cleared in step 317.
[0072] At step 318 illustrated in Fig. 3B, the number of loops is checked to determine whether it has reached a second
predetermined number of passes, such as 40. If the loop counter does not equal the predetermined number, the counter
is incremented and the algorithm is exited in step 319 and returns to step 301 as appropriate. If the counter equals the
predetermined number in step 318, then at step 320 an average of the first process variable is calculated and stored.
In one embodiment, an instantaneous feed factor average (InstFFavg) is calculated and stored in memory, such as in a
circular FIFO buffer. For example, if the predetermined number is 40 and the time interval for the InstFF is 250 msec,
then the InstFFavg is based on a ten second (i.e., 40 multiplied by 250 msec) interval. In addition, the loop counter is
reset and the sum of the First Process Variable is reset.
[0073] Next in step 321, a select sample time or size is retrieved and a sample count is calculated, for example, as
illustrated in FIG. 4. The sample time or size may be related to the type of feeder and the type of material being dispensed.
For example, a high-rate feeder can run empty in a minute or two after a deteriorating flow condition is sensed, while a
low-rate feeder may take 20 or 30 minutes to run empty after such a condition is sensed. Accordingly, the sampling
count or time may be smaller for a high-rate feeder than a low-rate feeder. The sample times may range, for example,
from 20 seconds to 240 seconds. Further, the sample count may be calculated as the select sample time divided by
time intervals, such as 10 second time intervals. The time intervals may be set to correspond to the time interval of
InstFFavg.
[0074] At step 322, the sample count is incremented. Thus, the sample count counter keeps count of the number of
sample counts during the sample time. For example, the count kept by the sample counter may correspond to the number
of the InstFFavg values stored in memory during the sample time.
[0075] At step 323, the controller queries whether the sample time selected in step 321 has expired by checking
whether the sample count determined in step 321 has reached its limit. If the sample count has not reached its limit, the
algorithm is exited in step 324 and step 301 is repeated. If the sample count in step 321 has reached its limit, the algorithm
proceeds to step 325.
[0076] Using, for example, a linear regression technique, the controller 104 calculates a process variable slope at step
325. In one embodiment, a slope from a series of InstFFavg values retrieved from memory, such as those determined
through the process described above. The number of InstFFavg values used to calculate the slope may equal the number
of InstFFavg values stored during the sample time. For example, if the sample time for a particular feeder is 60 seconds,
the sample count is 6 (e.g., 60 seconds divided by 10 second time intervals), and if the past 6 stored InstFFavg were
160, 161, 159, 160, 158, and 157, the process variable slope would be calculated as -0.657.
[0077] At step 326, the controller 104 normalizes the process variable slope calculated in step 325. In one embodiment,
the process variable slope may be normalized as a percentage change of the InstFFavg. For example, the slope may
be represented as:

where slope (%) is the slope expressed as a percentage change in the InstFFavg . Thus, continuing with the above
example: slope (%) = 100% * (6-1) * -0.657 /157 = -2.1%. In the example, the process variable (InstFFavg) slope (%)
has declined 2.1 percent during the previous sample time period.
[0078] A threshold value may be used to determine if there has been a significant deterioration of the process variable
or not. For example, in one embodiment, the process variable threshold value (e.g., slope) is determined empirically. It
may be a predetermined number for a given application or it may be adjusted as conditions warrant. In addition, as
indicated at step 327, the process variable threshold value may be adjusted based on system conditions. In one em-
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bodiment, the process variable threshold value may be set to -4.5% and adjusted based upon the number of accumulated
errors (e.g., as indicated by a control disturbance counter). In one embodiment, the process variable threshold value is
adjusted up to a 0% slope. According to one example, if the control disturbance counter has accumulated a total of 5
counts during a predetermined period of time (e.g., the past 60 seconds), the process variable slope threshold would
be adjusted to -4.0%, using the relationship: adjusted threshold value = -4.5% + (control disturbance count/10). The
process variable threshold is adjusted in recognition of the fact that in some cases it is more likely to have significant
deterioration of the flow conditions when the control disturbance counter is high. After step 327, the control disturbance
counter or error counter is reset to zero in step 328 for the next sample time period. Of course, adjustment of the process
variable threshold may not be necessary in some applications.
[0079] In Step 329, the system empty flag from step 316 is checked and if the flag is set the process aid output is
reduced (e.g., to 20% of the process aid’s maximum output), and the algorithm is exited in step 337 and step 301 is
repeated. On the contrary, if the check in step 329 reveals the system empty flag has been cleared, the algorithm
proceeds to step 332.
[0080] The process variable slope (i.e., percent of slope change) is compared to the process variable threshold value
in step 332. If the process variable slope is less than the process variable threshold value, a below threshold counter is
incremented by 1 and an above threshold counter is reset to zero at step 333. This condition represents deteriorating
flow conditions so that the process aid 103 output may be increased, for example, by 10%, of its maximum output in
step 334. Of course, the process aid 103 output may be increased in several other ways, such as a by a fixed value or
an increasing value. If the process variable slope is not less than the threshold value, indicating favorable flow conditions,
the below threshold counter may be reset to zero and the above threshold counter incremented by 1 as illustrated in
step 335.
[0081] In one embodiment, when a favorable flow condition exists for a sufficient period of time, the above threshold
counter is incremented and compared against a threshold number in step 336. For example, if the above threshold
counter is greater than the threshold number, the process aid 103 output is decreased in step 340 following a check
that the process aid is operating above a process aid setting (e.g., floor threshold) in step 338. In one embodiment, the
threshold number may be, for example, 5 and the output of process aid 103 may be decreased by a percentage, e.g.,
by 4% of its maximum output in step 340, or by a predetermined value. If the above threshold counter is less than the
threshold number (5, in the example), the algorithm is exited in step 337 and step 301 is repeated. Further, if the process
aid 103 is not above its process aid setting (e.g., floor threshold) in step 338, the algorithm is exited in step 339 and step
301 is repeated. In the example, favorable conditions must exist at least five times longer than deteriorating flow conditions
in order to affect a decrease in process aid output.
[0082] FIG. 4 illustrates an example of a process for selecting the sample time, as discussed above in connection with
step 321 of FIG. 3B. As indicated at step 401, the process steps of FIG. 4 may be repeated at a predetermined interval,
for example, every 10 seconds. Alternatively, the process steps of FIG. 4 may be invoked upon the occurrence of a
predetermined condition. In one embodiment, the sample time is retrieved and the sample count generated. See the
description above and the flow chart in FIG. 4. At step 402, the sample time is selected. The sample time may be selected
depending on the mass flow set-point relative to the feed factor. For example, the closer the mass flow rate set-point is
to the feed factor, the lower the sample time. In particular, the sample time in step 402 may be a function of the mass
flow rate set-point of the user and the calculated instantaneous feed factor InstFF. Sample time may vary, for example,
from 20 seconds to 240 seconds. Step 402 indicates one possible relationship between sample time and the set-point
SP and the feed factor FF (i.e., InstFF). The sample time may be selected from a lookup table. The sample count may
be determined as the sample time divided by predetermined number of time intervals, for example, 10 seconds, as
discussed above. However, this description is intended as an example and other relationships are possible.
[0083] After the sample time is selected, the controller 104 at step 403 compares the below threshold counter (from
steps 333 and 335 of FIG. 3C) to a set value (e.g., the set value may be 2 or another predetermined number). If the
below threshold counter is not greater than or equal to the set value, the subroutine is exited in step 404 and returned
to step 401 at the appropriate time. If the below threshold counter is greater than or equal to the set value, the sample
time is reduced in step 405. For example, the sample time may be reduced by a fixed amount or a percentage amount.
In one embodiment, the sample time is divided by a fixed value, e.g., 2. Step 406 ensures that the reduced sample time
is not less than a lower limit. If the reduced sample time is less than the lower limit, then the sample time may be set to
the lower limit at step 408. In accordance with one example, the lower limit may be 20 seconds. Steps 407 and 409 exit
the subroutine from steps 406 and 408, respectively.
[0084] The concept of long-term floor adjustment of the process aid will be described in connection with the example
illustrated in FIG. 5. Long-term floor adjustment involves raising or lowering the initial starting point of energy output for
the process aid (i.e., the floor value) in response to operating conditions sensed over a longer time period than the time
periods discussed above. In one embodiment, the floor value is either increased or decreased by 5% based on the
frequency of the system entering a prescribed mode (e.g., a quick time mode).
[0085] In the embodiment described in FIG. 5, quick time mode may be entered when the below threshold counter
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from step 403 is greater than or equal to a predetermined value (e.g., 2), and the sample time is reduced in step 405.
In FIG. 5, the controller 104 at step 501 queries whether or not the quick time mode has been entered. If it has not been
entered, the controller 104 increments a counter or starts a clock at step 507. For example, the counter or clock may
be designed to measure a period of time, such as three hours. If quick time mode has been entered, the counter or clock
is reset in step 502. Then in step 503, the controller 104 checks whether quick time mode has been entered a particular
number of times in a pre-set period, such a one hour. If the quick time mode exceeds the count number in the time
period, a floor value of the process aid output is increased in step 505, and the subroutine is returned to step 501 from
step 506. If the quick time mode does not exceed count value in the pre-set period the subroutine is returned to step
501 from step 504.
[0086] Returning to step 507, if quick time mode in step 501 has not been entered, the running counter or clock is
started. At step 508, the controller 104 checks whether or not the quick time mode has been entered at all during a time
period. If quick time mode has not been entered in the time period, the controller 104 at step 509 decreases the process
aid output floor. At step 510, the controller resets the counter or clock, and at step 511 returns the subroutine to step 501.
[0087] In one embodiment, such as in steps 501-506, the floor value (e.g., the minimum allowed process aid output
commanded by the subroutine when the process aid is operating normally) is increased by 5% if the system has entered
the quick time mode 3 times within the preceding 1 hour. On the other hand, in steps 507-511, the floor value is decreased
by 5% if the system has not entered the quick time mode within the preceding 3 hours and the process aid is not already
at a minimum floor value. In one embodiment, floor value is by-passed when it is determined that the system is empty
of material. Thus the process aid output would be reduced to, for example, 20% of the maximum process aid output.
[0088] There is thus a method of the present invention involving material handling system 100, 200 having a material
feeder 102, material container 101 configured to discharge material to material feeder 102 and process aid 103 engaged
with material container 101. That method includes determining a process indicator associated with a material flow
characteristic of feeder 102 during operation of feeder 102; determining a difference between the process indicator and
a indicator threshold value; and adjusting the operation of process aid 103 based on the value of the difference between
the process indicator and the indicator threshold value.
[0089] In one embodiment of the method the difference between the process indicator and the indicator threshold
value is indicative of a deteriorating flow condition in material container 101. Thus, by determining such a difference one
may anticipate the deteriorating flow condition and thereby intercede to prevent, retard, delay or minimize the condition
and/or the degree to which that condition occurs. For example, that condition may be a bridging condition or such other
conditions identified herein or otherwise known to those of skill in the art.
[0090] In one embodiment of the method, the process indicator includes a rate of change in a process variable during
a selected time interval (e.g., the InstFFavg] For example, the process indicator may be one or more measurable or
otherwise observable characteristic of feeder 102. The process indicator may be indicative of a trend in feeder 102 (e.g.,
a trend associated with material flow through the feeder). In one embodiment, the characteristic of feeder 102 is a flow
characteristic. For example, the flow characteristic may be a function of the mass flow rate of the system. By way of
further example, the process variable may be any variable characteristic of feeder 102. In one embodiment, a process
variable is automatically determined by system 100, 200 and the rate of change of the process variable during the
selected time interval is calculated.
[0091] One example of the process variable is an average feed factor as described above. In one embodiment, the
average feed factor is calculated by Equation (1) where FFavg is the average feed factor, MF is the mass flow rate through
feeder 102 and %MS is a ratio of the current motor speed of feeder 102 to a maximum motor speed of feeder 102 and
N is a predetermined number of time intervals. In one embodiment the time intervals are established in controller 104,
204 and may be fixed or variable.
[0092] The method may employ any of the process aids referenced herein or a process aid known to those of skill in
the art that may be selected for use in the disclosed method. In one embodiment, process aid 103 is a vibrator (e.g., a
dynamically adjustable externally mounted vibrator). The method of the present invention may include adjusting the
operation of process aid 103 as a function of a process indicator, or process variable. For example, where process aid
103 is a vibrator, the amplitude and/or frequency of the vibrator may be varied in response to an observed characteristic
of the feeder (e.g., a difference between a process indicator and an indicator threshold value).
[0093] In one embodiment, adjusting the operation of the process aid takes place in advance of a significant flow
disruption in the material container. Furthermore, the significant flow disruption may be characterized by a material flow
rate through material container 101 that is substantially different from a material flow rate through material feeder 102.
[0094] In one embodiment, the threshold value used to compare to the process indicator is variable. In one such
embodiment, if a flow characteristic in material container 101 is identified (e.g., measured, quantified or detected) that
indicates a flow disruption is imminent or present, the threshold can be adjusted so that a comparison of the process
indicator and the threshold would trigger an adjustment to process aid 103. Thus, in one embodiment, the method of
the present invention includes adjusting the indicator threshold value in response to the detection of a flow condition in
the material container.
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[0095] In one embodiment, the flow condition is characterized by a process variable being substantially constant for
a selected period. For example, in one embodiment, where a process variable remains constant during a selected period,
system 100, 200 may be configured to adjust the threshold value such that an output of process aid 103 would decrease.
[0096] In one embodiment, the method of the present invention includes establishing a minimum output for process
aid 103 and adjusting the minimum output for the process aid based upon the difference between a process indicator
and an indicator threshold value. For example, the minimum output may be a minimum amplitude for operating a vibrator.
In some embodiments, the minimum amplitude may be adjusted depending upon how often the difference between the
process indicator and the indicator threshold value reaches a given level. For example, (e.g. see steps 501-511 in FIG.
5) In one embodiment, the minimum amplitude may beset and variations to the amplitude (e.g., in anticipation of a flow
problem in material container 101) are made relative to that minimum and preferably returned to the minimum when the
higher amplitude is no longer required. Thus, in one embodiment, the minimum output for a vibrator is the lowest
operational vibrator amplitude of material handling system 100, 200.
[0097] There is also an embodiment of the present invention that includes in a bulk material handling system having
material feeder 102, material container 101 configured to discharge material to material feeder 102 and a vibrator 203
configured to vibrate the material container, a method for maintaining consistent flow that includes periodically calculating
a process variable associated with a material flow characteristic of the feeder during operation of the feeder; determining
a process variable slope during a selected time interval, the process variable slope defined as a rate of change in the
process variable; determining a difference between the process variable slope and a threshold value; adjusting the
operation of the vibrator based on the value of the difference between the process variable slope and a threshold value.
In one embodiment, the adjusting step includes decreasing at least one of vibrator amplitude and vibrator frequency
when the value of the difference between the process variable slope and a threshold value is greater than zero after a
selected time period. In one embodiment of the method, the difference between the process variable slope and the
threshold value is indicative of a deteriorating flow condition in the material container. In a further embodiment, the
process variable is an average feed factor calculated by Equation (1) herein. In one embodiment, the method further
includes adjusting the operation of vibrator 203 including, changing the amplitude of vibration and/or the frequency of
vibration by, for example, a predetermined amount when the value of the difference between the process variable slope
and a threshold value is less than zero.
[0098] In a further embodiment, adjusting the operation of the vibrator 203 includes increasing the amplitude of vibration
when the difference between the process variable slope and the threshold value is less than or equal to zero and
decreasing the amplitude of vibration when the difference between the process variable slope and the threshold value
is greater than zero.
[0099] In one embodiment, the selected time interval is based at least in part upon a user defined set-point. For
example, the user defined set-point is based at least in part upon a selected flow rate (e.g., the mass flow rate or a
volumetric flow rate) of material through the feeder.
[0100] In one embodiment, the method also includes the steps of establishing a minimum output for the vibrator; and
adjusting the minimum output for the vibrator based upon the difference determined in step c. Moreover, the vibrator
203 may have a frequency that is adjustable (e.g., dynamically adjustable and/or automatically adjustable) and the
method further includes the step of setting the vibrator frequency to operate at a frequency that is based upon a system
resonance point.
[0101] Also as described above, adjusting the operation of vibrator 203 may take place in advance of a significant
flow disruption in material container 101. In one embodiment, the significant flow disruption is characterized by a material
flow rate through material container 101 that is substantially different from a material flow rate through material feeder 102.
[0102] In another embodiment, the method includes adjusting the threshold value in response to the detection of a
flow condition in material container (e.g., a change in mass flow from the material container in excess of a predetermined
value, vertical tunneling, bridging, and a significant time without a negative flow condition). In one example, the flow
condition is characterized by the process variable being, e.g., above the threshold value for a selected period. In a further
configuration, the flow condition is characterized by the process variable being substantially different for a selected
period (e.g., dynamically selected from a look up table or selected by a user prior to system operation). In one embodiment,
the flow condition is associated with a weight disturbance. In one embodiment, the method further includes adjusting at
least one of vibrator 203 frequency and vibrator 203 amplitude based on the fill level in material container 101.
[0103] The present invention also includes a bulk material transfer system including bulk material container 101;
process aid 103 (e.g., vibrator 203, a vertical agitator(s), an air bladder(s), an air pad(s), an air injector(s), an impactor(s),
an auger(s), a horizontal agitator(s), a sonic device(s), an acoustic device(s), a mechanically actuated flexible liner,
combinations thereof and the like) with a variable output engaged with bulk material container 101 (e.g., engaged outside
material container 101 or engaged inside material container 101); feeder 102 (e.g., a feeder is a loss-in-weight feeder)
positioned to receive bulk material from bulk material container 101 (e.g., an asymmetrical feed hopper), and configured
to transfer the bulk material through feeder 102; and a control system (e.g., a control system including controllers 104,
204 and/or weigh scale system 106) configured to identify a trend associated with the transfer of bulk material through
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feeder 102 (e.g., a trend that is associated with a material flow condition in the system) and configured to affect a change
in the variable output of process aid 103 based on the trend. In one embodiment, the control system is configured to
periodically calculate a process variable (e.g., a characteristic of feeder 102, calculated from equation (1) associated
with a material flow characteristic of feeder 102 during operation of feeder 102; determine a process variable slope
defined as a rate of change in the process variable during a selected time interval; determine a difference between the
process variable slope and a threshold value; and adjust the operation of process aid 103 based on the value of the
difference between the process variable slope and a threshold value.
[0104] In one embodiment, process aid 103 is dynamically adjustable (e.g., adjustable during operation of system
100, 200) to allow the variable application of energy from a lower level of energy when deteriorating flow conditions are
not detected to a higher level of energy in when deteriorating flow conditions are detected.
[0105] In one embodiment, the trend is associated with a material flow condition that includes a substantial disparity
between a material flow rate through the material container and a material flow rate through the feeder. In one embodiment,
the trend is associated with a process indicator (e.g., that includes a rate of change in a process variable during a selected
time interval) and controller 104, 204 is configured to change the variable output of process aid 103 based at least in
part on the process indicator.
[0106] In a further embodiment, controller 104, 204 changes the variable output based at least in part upon a comparison
of the process indicator to an indicator threshold (e.g., that is based upon a material processing characteristic).
[0107] In one embodiment, the process variable is determined by the equation: 

wherein PV is the process variable, FR is a flow rate through the feeder, % FR is a ratio of a current motor speed of the
feeder to a maximum motor speed of the feeder, and N is a time factor taken from the group consisting of a predetermined
number of time intervals and a predetermined period of time.

Claims

1. Method for maintaining consistent flow in a bulk material handling system (100,200) having a material feeder (102),
a material container (101) configured to discharge material to the material feeder (102) and a vibrator (203) configured
to vibrate the material container (101), characterized by

a. periodically calculating a process variable (PV) associated with a material flow characteristic of the feeder
during operation of the feeder; the process variable (PV) being an average feed factor calculated by the equation: 

wherein FFavg is the average feed factor, MF is the mass flow rate through the feeder (102) and %MS is a ratio
of a current motor speed of the feeder (102) to a maximum motor speed of the feeder (102) and N is a prede-
termined number of time intervals
b. determining the process variable slope during a selected time interval, the process variable slope defined as
a rate of change in the process variable (PV) of step a;
c. determining a difference between the process variable slope and a threshold value; and
d. adjusting the operation of the vibrator (203) based on the value of the difference determined in step c.

2. The method of claim 1 wherein the difference between the process variable slope and the threshold value is indicative
of a deteriorating flow condition in the material container.

3. The method of claim 1 wherein adjusting the operation of the vibrator (203) includes increasing the amplitude of
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vibration when the difference between the process variable slope and the threshold value is less than zero and
decreasing the amplitude of vibration when the difference between the process variable slope and the threshold
value is greater than or equal to zero.

4. The method of claim 1 wherein adjusting the operation of the vibrator (203) includes one or more of the following
steps: changing the amplitude of vibration and/or changing the frequency of vibration, and/or increasing the amplitude
of vibration by a predetermined amount when the value of the difference in step c is less than zero.

5. The method of claim 1 wherein the selected time interval is based at least in part upon a user defined set-point,
preferably wherein the user defined set-point is based at least in part upon a selected flow rate of material through
the feeder.

6. The method of claim 1 further comprising:

establishing a minimum output for the vibrator (203); and
adjusting the minimum output for the vibrator (203) based upon the difference determined in step c and/or
wherein the vibrator frequency is adjustable and the method further comprises:
setting the vibrator frequency to operate at a frequency that is based upon a system resonance point.

7. The method of claim 2 wherein adjusting the operation of the vibrator (203) takes place in advance of a significant
flow disruption in the material container (101) and preferably wherein the significant flow disruption is characterized
by a material flow rate through the material container (101) that is substantially different from a material flow rate
through the material feeder (102).

8. The method of claim 1 further comprising:
adjusting the threshold value in response to the detection of a flow condition in the material container (101), whereby
the flow container is characterized by at least on ore more of the following: the flow condition is characterized by
the process variable being substantially constant for a selected period, and/or the flow condition is characterized
by the process variable being substantially different for a selected period and/or the flow condition is associated
with a weight disturbance and/or the flow condition is taken from the group consisting of a) a change in mass flow
from the material container (101) in excess of a predetermined value, b) vertical tunneling, c) bridging, and d) a
significant time without a negative flow condition.

9. The method of claim 1 wherein the adjusting of step d includes:
decreasing at least one of vibrator amplitude and vibrator frequency when the value of the difference determined
in step c is greater than zero after a selected time period and/or the method further comprising adjusting at least
one of vibrator frequency and vibrator amplitude based on the fill level in the material container .

10. A bulk material transfer system comprising:

a bulk material container (101);
a process aid (103) with a variable output engaged with the bulk material container (101); characterized in that
a feeder (102) positioned to receive bulk material from the bulk material container (101), and configured to
transfer the bulk material through the feeder (101); and

a control system configured to identify a trend associated with the transfer of bulk material through the feeder and
configured to affect a change in the variable output of the process aid based on the trend the trend being associated
with a process indicator and the controller is configured to change the variable output of the process aid based at
least in part on the process indicator, the controller changing the variable output based at least in part upon a
comparison of the process indicator to an indicator threshold, the process variable is an average feed factor calculated
by the equation: 

wherein PV is the process variable, FR is a flow rate through the feeder, % FR is a ratio of a current motor speed
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of the feeder to a maximum motor speed of the feeder, and N is a time factor taken from the group consisting of a
predetermined number of time intervals and a predetermined period of time.

11. The system of claim 10 wherein the control system is configured to

a. periodically calculate a process variable associated with a material flow characteristic of the feeder (102)
during operation of the feeder (102);
b. determine a process variable slope defined as a rate of change in the process variable during a selected
time interval;
c. determine a difference between the process variable slope and a threshold value; and
d. adjust the operation of the process aid (103) based on the value of the difference determined in step c.

12. The system of claim 10 wherein the process aid (103) is mounted outside the material container (101), and the
process aid is at least one or more of the following: the process aid (103) is a vibrator, and/or the process aid is
taken from the group consisting of, a vertical agitator, an air bladder, an air pad, an air injector, an impactor, an
auger, a horizontal agitator, a sonic device, an acoustic device, and a mechanically actuated flexible liner and/or
the process aid is dynamically adjustable to allow the variable application of energy from a lower level of energy
when deteriorating flow conditions are not detected to a higher level of energy in when deteriorating flow conditions
are detected .

13. The system of claim 10 wherein the material container (101) is an asymmetrical feed hopper and preferably wherein
the feeder is a loss-in-weight feeder.

14. The system of claim 10 wherein the trend is associated with a material flow condition in the system (100,200) and
preferably wherein the material flow condition includes a substantial disparity between a material flow rate through
the material container and a material flow rate through the feeder (102) and/or wherein the trend is associated with
a process indicator and the controller is configured to change the variable output of the process aid based at least
in part on the process indicator wherein preferably the controller (104,204) changes the variable output based at
least in part upon a comparison of the process indicator to an indicator threshold, whereby preferably the indicator
threshold is based upon a material processing characteristic .

Patentansprüche

1. Verfahren zum Erhalten eines beständigen Flusses in einem Massenguthandhabungssystem (100,200) mit einer
Materialzuführung (102), einem Materialbehälter (101), der konfiguriert ist, Material zu der Materialzuführung (102)
zuzuführen, und einen Rüttler (203), der konfiguriert ist, den Materialbehälter (101) zu rütteln, dadurch gekenn-
zeichnet, dass

a. periodisch eine Prozessvariable (PV) in Zuordnung zu einer Materialflusseigenschaft des Zuführers während
des Betriebs des Zuführers berechnet wird; wobei die Prozessvariable (PV) ein durchschnittlicher Zuführfaktor
ist, der durch die Gleichung berechnet wird: 

wobei FFavg der durchschnittliche Zuführfaktor ist, MF die Massenflussrate durch den Zuführer (102) ist und
%MS ein Verhältnis einer derzeitigen Motorgeschwindigkeit des Zuführers (102) zu einer maximalen Motorge-
schwindigkeit des Zuführers (102) ist und N eine vorbestimmte Zahl der Zeitintervalle ist;
b. Feststellen der Neigung der Prozessvariablen während eines ausgewählten Zeitintervalls, wobei die Neigung
der Prozessvariablen definiert ist als eine Veränderungsrate der Prozessvariablen (PV) des Schritts a;
c. Feststellen einer Differenz zwischen der Neigung der Prozessvariablen und einem Schwellenwert; und
d. Angleichen des Betriebs des Rüttlers (203) auf Basis des Differenzwertes, der in Schritt c festgestellt wurde.

2. Verfahren nach Anspruch 1, wobei die Differenz zwischen der Neigung der Prozessvariablen und dem Schwellenwert
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indikativ für eine sich verschlechternde Flussbedingung in dem Materialbehälter ist.

3. Verfahren nach Anspruch 1, wobei das Angleichen des Betriebs des Rüttlers (203) das Erhöhen der Rüttelamplitude
beinhaltet, wenn die Differenz zwischen der Neigung der Prozessvariablen und dem Schwellenwert kleiner als Null
ist und Verringern der Rüttelamplitude, wenn die Differenz zwischen der Neigung der Prozessvariablen und dem
Schwellenwert größer als oder gleich Null ist.

4. Verfahren nach Anspruch 1, wobei das Angleichen des Betriebs des Rüttlers (203) einen oder mehrere der folgenden
Schritte beinhaltet: Ändern der Rüttelamplitude und/oder Ändern der Rüttelfrequenz und/oder Erhöhen der Rüt-
telamplitude um einen vorbestimmten Betrag, wenn der Differenzwert in Schritt c kleiner als Null ist.

5. Verfahren nach Anspruch 1, wobei das gewählte Zeitintervall zumindest teilweise auf einem benutzerdefinierten
Sollwert basiert, vorzugsweise wobei der benutzerdefinierte Sollwert zumindest teilweise auf einer gewählten Fluss-
rate des Materials durch den Zuführer basiert.

6. Verfahren nach Anspruch 1, ferner umfassend:

Einrichten einer Mindestausgabe für den Rüttler (203); und
Angleichen der Mindestausgabe für den Rüttler (203) auf Basis der Differenz, die in Schritt c festgestellt wurde,
und/oder wobei die Rüttlerfrequenz angleichbar ist und das Verfahren ferner umfasst:
Einstellen der Rüttlerfrequenz zum Arbeiten mit einer Frequenz, die auf einem Systemresonanzpunkt basiert.

7. Verfahren nach Anspruch 2, wobei das Angleichen des Betriebs des Rüttlers (203) vor einer signifikanten Fluss-
störung in dem Materialbehälter (101) erfolgt und vorzugsweise wobei die signifikante Flussstörung durch eine
Materialflussrate durch den Materialbehälter (101) gekennzeichnet ist, die im Wesentlichen von einer Materialfluss-
rate durch den Materialzuführer (102) unterschiedlich ist.

8. Verfahren nach Anspruch 1, ferner umfassend:
Angleichen des Schwellenwerts in Reaktion auf das Erkennen einer Flussbedingung in dem Materialbehälter (101),
wodurch der Flussbehälter durch mindestens eines oder mehrere der Folgenden gekennzeichnet ist: die Flussbe-
dingung ist dadurch gekennzeichnet, dass die Prozessvariable für einen gewählten Zeitraum im Wesentlichen
konstant ist, und/oder die Flussbedingung ist dadurch gekennzeichnet, dass die Prozessvariable für einen ge-
wählten Zeitraum im Wesentlichen unterschiedlich ist, und/oder die Flussbedingung ist einer Gewichtsstörung zu-
geordnet und/oder die Flussbedingung wird aus der Gruppe genommen, die besteht aus a) einer Veränderung des
Massenflusses von dem Materialbehälter (101), die einen vorbestimmten Wert überschreitet, b) vertikale Untertun-
nelung, c) Brückenbildung und d) eine signifikante Zeit ohne eine negative Flussbedingung.

9. Verfahren nach Anspruch 1, wobei das Angleichen in Schritt d beinhaltet:
Verringern der Rüttleramplitude und/oder der Rüttlerfrequenz, wenn der Differenzwert, der in Schritt c festgestellt
wird, nach einem gewählten Zeitraum größer als Null ist, und/oder das Verfahren umfasst ferner das Angleichen
der Rüttlerfrequenz und/oder der Rüttleramplitude auf Basis des Füllniveaus in dem Materialbehälter.

10. Massenguttransfersystem, umfassend:

einen Massengutbehälter (101);
eine Prozesshilfe (103) mit einer variablen Ausgabe, die mit dem Massengutbehälter (101) in Eingriff steht,
dadurch gekennzeichnet, dass
ein Zuführer (102) positioniert ist, um Massengut von dem Massengutbehälter (101) zu empfangen, und kon-
figuriert ist, das Massengut durch den Zuführer (101) zu transportieren; und ein Steuersystem, das konfiguriert
ist, einen Trend in Zuordnung zu dem Transportieren des Massenguts durch den Zuführer zu identifizieren, und
konfiguriert ist, eine Änderung in der variablen Ausgabe der Prozesshilfe auf Basis des Trends herbeizuführen,
wobei der Trend einem Prozessindikator zugeordnet ist, und die Steuereinrichtung konfiguriert ist, die variable
Ausgabe der Prozesshilfe zumindest teilweise auf Basis des Prozessindikators zu ändern, die Steuereinrichtung
die variable Ausgabe zumindest teilweise auf Basis eines Vergleichs des Prozessindikators mit einem Indika-
torschwellenwert ändert, wobei die Prozessvariable ein durchschnittlicher Zuführfaktor ist, der durch die Glei-
chung berechnet wird: 
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wobei PV die Prozessvariable ist, FR eine Flussrate durch den Zuführer ist, %FR ein Verhältnis einer derzeitigen
Motorgeschwindigkeit des Zuführers zu einer maximalen Motorgeschwindigkeit des Zuführers ist, und N ein
Zeitfaktor ist, der aus der Gruppe genommen wird, die aus einer vorbestimmten Anzahl von Zeitintervallen und
einem vorbestimmten Zeitraum besteht.

11. System nach Anspruch 10, wobei das Steuersystem konfiguriert ist,

a. periodisch eine Prozessvariable zu berechnen, die einer Materialflusseigenschaft des Zuführers (102) wäh-
rend des Betriebs des Zuführers (102) zugeordnet ist;
b. eine Neigung der Prozessvariablen festzustellen, die als eine Änderungsrate in der Prozessvariablen während
eines gewählten Zeitintervalls definiert ist;
c. Feststellen einer Differenz zwischen der Neigung der Prozessvariablen und einem Schwellenwert; und
d. Angleichen des Betriebs der Prozesshilfe (103) auf Basis des Differenzwertes, der in Schritt c festgestellt
wurde.

12. System nach Anspruch 10, wobei die Prozesshilfe (103) außerhalb des Materialbehälters (101) angebracht ist und
die Prozesshilfe mindestens eines oder mehrere der Folgenden ist: die Prozesshilfe (103) ist ein Rüttler und/oder
die Prozesshilfe wird aus der Gruppe genommen, die aus einem vertikalen Mischwerk, einer Luftblase, einem
Luftpolster, einem Luftinjektor, einem Schlagbrecher, einer Förderschnecke, einem horizontalen Mischwerk, einem
Schallgerät, einem Akustikgerät und einem mechanisch betätigtem, flexiblem Liner besteht, und/oder die Prozess-
hilfe ist dynamisch angleichbar, um die variable Anwendung von Energie von einem niedrigeren Energieniveau aus
zu ermöglichen, wenn sich verschlechternde Flussbedingungen nicht auf einem höheren Energieniveau erkannt
werden, wenn die sich verschlechternden Flussbedingungen erkannt werden.

13. System nach Anspruch 10, wobei der Materialbehälter (101) ein asymmetrischer Schütttrichter ist und vorzugsweise
wobei der Zuführer ein Masseverlustzuführer ist.

14. System nach Anspruch 10, wobei der Trend einer Materialflussbedingung in dem System (100,200) zugeordnet ist,
und vorzugsweise wobei die Materialflussbedingung eine wesentliche Disparität zwischen einer Materialflussrate
durch den Materialbehälter und einer Materialflussrate durch den Zuführer (102) beinhaltet, und/oder wobei der
Trend einem Prozessindikator zugeordnet ist und die Steuereinrichtung konfiguriert ist, die variable Ausgabe der
Prozesshilfe, zumindest teilweise auf Basis des Prozessindikators, zu ändern, wobei vorzugsweise die Steuerein-
richtung (104,204) die variable Ausgabe zumindest teilweise auf Basis eines Vergleichs des Prozessindikators mit
einem Indikatorschwellenwert ändert, wobei vorzugsweise der Indikatorschwellenwert auf einer Materialbearbei-
tungseigenschaft basiert.

Revendications

1. Procédé pour maintenir un flux homogène dans un système de manutention de matériaux en vrac (100, 200) ayant
un dispositif d’alimentation en matériaux (102), un conteneur de matériaux (101) configuré pour décharger des
matériaux vers le dispositif d’alimentation en matériaux (102) et un vibrateur (203) configuré pour faire vibrer le
conteneur de matériaux (101), caractérisé par

a. le calcul périodique d’une variable de processus (PV) associée à une caractéristique de flux de matériaux
du dispositif d’alimentation pendant le fonctionnement du dispositif d’alimentation ; la variable de processus
(PV) étant un facteur d’alimentation moyen calculé par l’équation : 
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dans lequel FFavg est le facteur d’alimentation moyen, MF est le débit massique à travers le dispositif d’alimen-
tation (102) et %MS est un rapport entre une vitesse de moteur actuelle du dispositif d’alimentation (102) et
une vitesse de moteur maximale du dispositif d’alimentation (102) et N est un nombre prédéterminé d’intervalles
de temps,
b. la détermination de la pente de variable de processus pendant un intervalle de temps sélectionné, la pente
de variable de processus étant définie en tant que taux de variation de la variable de processus (PV) de l’étape a ;
c. la détermination d’une différence entre la pente de variable de processus et une valeur de seuil ; et
d. l’ajustement du fonctionnement du vibrateur (203) sur la base de la valeur de la différence déterminée à
l’étape c.

2. Procédé selon la revendication 1, dans lequel la différence entre la pente de variable de processus et la valeur de
seuil est indicative d’une condition de flux en détérioration dans le conteneur de matériaux.

3. Procédé selon la revendication 1, dans lequel l’ajustement du fonctionnement du vibrateur (203) comprend l’aug-
mentation de l’amplitude de vibration lorsque la différence entre la pente de variable de processus et la valeur de
seuil est inférieure à zéro, et la diminution de l’amplitude de vibration lorsque la différence entre la pente de variable
de processus et la valeur de seuil est supérieure ou égale à zéro.

4. Procédé selon la revendication 1, dans lequel l’ajustement du fonctionnement du vibrateur (203) comprend une ou
plusieurs des étapes suivantes : le changement de l’amplitude de vibration et/ou le changement de fréquence de
vibration, et/ou l’augmentation de l’amplitude de vibration d’une quantité prédéterminée lorsque la valeur de la
différence à l’étape c est inférieure à zéro.

5. Procédé selon la revendication 1, dans lequel l’intervalle de temps sélectionné est basé au moins en partie sur une
valeur de consigne définie par un utilisateur, dans lequel la valeur de consigne définie par un utilisateur est de
préférence basée au moins en partie sur un débit sélectionné de matériaux à travers le dispositif d’alimentation.

6. Procédé selon la revendication 1, comprenant en outre :

l’établissement d’une puissance minimale pour le vibrateur (203) ; et
l’ajustement de la puissance minimale pour le vibrateur (203) sur la base de la différence déterminée à l’étape
c et/ou dans lequel la fréquence du vibrateur est ajustable, et le procédé comprend en outre :
le réglage de la fréquence du vibrateur pour fonctionner à une fréquence qui est basée sur un point de résonance
de système.

7. Procédé selon la revendication 2, dans lequel l’ajustement du fonctionnement du vibrateur (203) a lieu en avance
par rapport à une rupture de flux significative dans le conteneur de matériaux (101) et dans lequel la rupture de flux
significative est de préférence caractérisée par un débit de matériaux à travers le conteneur de matériaux (101)
qui est sensiblement différent d’un débit de matériaux à travers le dispositif d’alimentation en matériaux (102) .

8. Procédé selon la revendication 1, comprenant en outre :
l’ajustement de la valeur de seuil en réponse à la détection d’une condition de flux dans le conteneur de matériaux
(101), moyennant quoi le conteneur de flux est caractérisé par l’une ou plusieurs parmi ce qui suit : la condition
de flux est caractérisée par la variable de processus qui est sensiblement constante pour une période sélectionnée,
et/ou la condition de flux est caractérisée par la variable de processus qui est sensiblement différente pour une
période sélectionnée et/ou la condition de flux est associée à une perturbation de poids et/ou la condition de flux
est prise dans le groupe formé par a) un changement de flux massique du conteneur de matériaux (101) en excès
de l’ordre d’une valeur prédéterminée, b) un creusement vertical, c) une formation de voûte et d) un temps significatif
sans une condition de flux négative.

9. Procédé selon la revendication 1, dans lequel l’ajustement de l’étape d comprend :
la diminution d’au moins l’une parmi une amplitude de vibrateur et une fréquence de vibrateur lorsque la valeur de
la différence déterminée à l’étape c est supérieure à zéro après une période de temps sélectionnée et/ou le procédé
comprenant en outre l’ajustement d’au moins l’une parmi une fréquence de vibrateur et une amplitude de vibrateur
sur la base du niveau de remplissage dans le conteneur de matériaux.

10. Système de transfert de matériaux en vrac comprenant :
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un conteneur de matériaux en vrac (101) ;
une aide au processus (103) avec une sortie variable couplée avec conteneur de matériaux en vrac (101) ;
caractérisé en ce
qu’un dispositif d’alimentation (102) est positionné pour recevoir des matériaux en vrac du conteneur de ma-
tériaux en vrac (101) et est configuré pour transférer les matériaux en vrac à travers le dispositif d’alimentation
(101) ; et
un système de contrôle configuré pour identifier une tendance associée au transfert des matériaux en vrac à
travers le dispositif d’alimentation et configuré pour affecter un changement de la sortie variable de l’aide au
processus sur la base de la tendance, la tendance étant associée à un indicateur de processus et le contrôleur
est configuré pour changer la sortie variable de l’aide au processus sur la base au moins en partie de l’indicateur
de processus, le contrôleur changeant la sortie variable sur la base au moins en partie d’une comparaison entre
l’indicateur de processus et un seuil d’indicateur, la variable de processus est un facteur d’alimentation moyen
calculé par l’équation :

dans lequel PV est la variable de processus, FR est un débit à travers le dispositif d’alimentation, %FR est un
rapport entre une vitesse de moteur actuelle du dispositif d’alimentation et une vitesse de moteur maximale du
dispositif d’alimentation, et N est un facteur de temps pris dans le groupe formé par un nombre prédéterminé
d’intervalles de temps et une période de temps prédéterminée.

11. Système selon la revendication 10, dans lequel le système de contrôle est configuré pour

a. calculer périodiquement une variable de processus associée à une caractéristique de flux de matériaux du
dispositif d’alimentation (102) pendant le fonctionnement du dispositif d’alimentation (102) ;
b. déterminer une pente de variable de processus définie en tant que taux de variation de la variable de processus
pendant un intervalle de temps sélectionné ;
c. déterminer une différence entre la pente de variable de processus et une valeur de seuil ; et
d. ajuster le fonctionnement de l’aide au processus (103) sur la base de la valeur de la différence déterminée
à l’étape c.

12. Système selon la revendication 10, dans lequel l’aide au processus (103) est montée à l’extérieur du conteneur de
matériaux (101) et l’aide au processus est au moins l’une ou plusieurs parmi ce qui suit : l’aide au processus (103)
est un vibrateur, et/ou l’aide au processus est prise dans le groupe formé par un agitateur vertical, une vessie d’air,
un coussin d’air, un injecteur d’air, un percuteur, un trépan, un agitateur horizontal, un dispositif sonique, un dispositif
acoustique, et une chemise flexible actionnée mécaniquement, et/ou l’aide au processus est ajustable dynamique-
ment pour permettre l’application variable d’énergie depuis un niveau inférieur d’énergie lorsque des conditions de
flux en détérioration ne sont pas détectées à un niveau plus élevé d’énergie lorsque des conditions de flux en
détérioration sont détectées.

13. Système selon la revendication 10, dans lequel le conteneur de matériaux (101) est une trémie d’alimentation
asymétrique et dans lequel le dispositif d’alimentation est de préférence un dispositif d’alimentation à perte en poids.

14. Système selon la revendication 10, dans lequel la tendance est associée à une condition de flux de matériaux dans
le système (100, 200), et dans lequel la condition de flux de matériau comprend de préférence une disparité sensible
entre un débit de matériaux à travers le conteneur de matériaux et un débit de matériaux à travers le dispositif
d’alimentation (102) et/ou dans lequel la tendance est associée à un indicateur de processus et le contrôleur est
configuré pour changer la sortie variable de l’aide au processus sur la base au moins en partie de l’indicateur de
processus, dans lequel le contrôleur (104, 204) change de préférence la sortie variable sur la base au moins en
partie d’une comparaison entre l’indicateur de processus et un seuil d’indicateur, moyennant quoi le seuil d’indicateur
est de préférence basé sur une caractéristique de traitement de matériaux.
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