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SURFACE ACOUSTICS INDUCED MATERIAL CONVEYANCE AND
SEPARATION

CROSS-REFERENCE TO RELATED APPLICATIONS
{0801} This application claims priority to and the benefit of U.S. Provisional Patent
Application No. 62/599,703, filed December 16, 2017 and titled “Cymatic Convevor and

Gravity Separator,” which is mcorporated herein by refercnce in its entirety.

FIELD
{0002} The present disclosure generally relates to the processing of heterogencous materials,

for example within an industrial setting.

BACKGROUND
{0003} Manvy clements and compounds are naturally found in an impure or heterogeneous state,
and are separated into more punified or homogeneous components before they can be put to

productive use.

SUMMARY
[0004] A method of conveying and separating a matenial into constituent parts ncludes
providing a cellulosic material on a first surface of a plate, and energizing a transducer{e.g., a
lincar actuator or a speaker) that is mechanically coupled to a sccond surface of the plate
oppostte the first surface of the plate. The energizing of the transducer is sufficient to cause
movement of the plate so that a first portion of the cellulosic matenal preferentially migrates
across the surface of the plate in a direction of a first edge of the plate, and a second portion of
the cellulosic matenial preferentially migrates across the surface of the plate in a direction of a
second edge of the plate opposite the first edge of the plate. The movement of the plate can
mclude a substantially unidirectional oscillation. In some embodiments, the second surface of
the plate 1s not orthogonal to an axis of the transdacer. The movement of the plate can have at
least one of: (1) a frequency that ranges from 0 Hz to about 100Hz, and (2) a range of travel
(1.5, a vertical travel distance of the plate during actuation, for example by a linear actuator) of
from 0 inches to about 6 meches. For example, the frequency can be about 10 Hz, about 20 Hz,
about 258, about 30 Hz, about 40 Hz, about 30 Hz, about 60 Hz, about 70 Hz, about 7 Hz 3,

about 80 Hz, about 90 Hz, or about 100 Hz. In some embodiments, the plate is actuated at a
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frequency that ranges from between about 10 Hz to about 30 Hz, or about 13 Hz to about 25
Hz, or about 20 Hz to about 40 Hz, or about 25 Hz {0 about 30 Hz, or about 25 Hz (o about 40
Hz, or about 33 Hz to about 50 Hz, or about 18 Hz to about 22 Hz, or about 10 Hz to about 50
Hz, or about 50 Hz to about 75 Hz, or about 75 Hz o about 90 Hz, or about 20 Hz 1o about 30
Hz, or about 30 Hz to about 60 Hz, or about 25 Hz to about 75 He.

10005} In some embodiments, energizing the transducer includes applving an electronic signal
1o the transducer, the clectronic signal having a waveform that is one of substantially sinusoidal,
substantially square, substantially sawtooth, or substantially triangular.

[0006] In some embodiments, the first edge of the plate has a first height, the first portion of
the cellulosic matenial has a first average size, the second edge of the plate has a second height
greater than the first height, and the second portion of the cellulosic material has a second
average size less than the first average size.

10007} In some embodiments, the first edge of the plate has a first height, the first portion of
the cellulosic material has a first average weight, the second edze of the plate has a second
height greater than the first height, and the second portion of the cellulosic material has a second
average weight less than the first average weight.

10008} In some embodiments, the plate includes a sidewall disposed at least partway along a
perimeter of the plate.

{30089} In some embodiments, providing the cellulosic material on the first surface of the plate
meludes conveying the cellulosic material, via an external conveyor, toward the first surface of
the plate.

{0018} In some embodiments, an apparatus includes a transducer and a substrate. The
transducer is configured to transduce an electrical nput, during operation, into a mechanical
oscillation ouvtput. The transducer can include a linear actuator, an array of linear actuators, a
speaker, or an array of speakers. The substrate mechamcally coupled to the transducer, such
that during operation the substrate mechanically oscillates in response to the mechamical
oscillation output of the transducer. The substrate has a pitch with respect (o a long was of the
transducer, and the mechanical oscillation of the substrate has a frequency and an amplitude
that are based on the electrical input. The electrical input can have an associated waveform that
is one of substantially sinusoidal, substantially square, substantially sawtoocth, or substantially
triangular.

{0011} In some embodiments, during operation, the mechanical oscillation of the substrate

causes (1) segregation of a first portion of a material disposed on the subsirate from a second
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portion of the matenal, (2} movement of the first portion of the matenal i a first divection

along a surface of the substrate, and (3) movement of the second portion of the material m a

second dircction along a surface of the substrate, the second direction being different trom the

first divection. The first direction can be substantially opposite the second direction. The

substrate can include at least stiffened region configured to bias, during gperation, a movement

of a material disposed on the substrate along a surface of the substrate.

[8012] FIG
16013} FIG.
1A,

[6014] FIG.
embodiments.
(801 5] FIG.
(001 6] FIG.
[6017] FIG.
[6018] FIG.
10019} FIG.
16028] FiG.
[60621] FIG.
(8022} FIG.
[0023] FIG.
[6024] FIG.
[6025] FIG.
10026} FiG.
16027} FiG.
[60G28] FIG.
(8029} FIG.
(0030} FIG.
crabodiments.
[0031] FIG
[6032] FiG

BRIEF DESCRIPTION OF THE DRAWINGS
. 1A shows a separator, according to some embodiments.
1B shows an exploded, isometric projection view of the separator of FIG.

s ]

2A shows a front view of a separator plate, according to some

28 shows a right side view of the separator plate of FIG. ZA.

2 shows a rear view of the separator plate of FIG. 2A.

2D shows a top view of the separator plate of FIG. 2A.

3A shows a front view of a connector, according to some embodiments.
3B shows a right side view of the connector of FIG. 3A.

3C shows a rear view of the connector of FIG. 3A

3D shows a top view of the connector of FIG. 3A.

4A 15 a first side view of a transducer, according to some embodiments,
4B is a second side view of the transducer of FIG. 4A.

4C is a top view of the transducer of FIG. 4A.

413 15 a bottom view of the transducer of FIG. 44.

5A is a front view of a base housing, according to some embodiments.
5B is a side view of the base housing of FIG. SA.

5C 1s a bottom view of the base housing of FIG. 5A.

5D 1s an 1sometric projection view of the base housing of FIG. SA.

6A 15 a fromt view of a shock-absorbent base, according to some

. 6B 1s a side view of the shock-absorbent base of FIG. 6A.

. 6C 18 atop view of the shock-absorbent base of FIG. 6A.
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[0033] FI(. 7 1s a process flow diagram showing a process for material conveyance and
separation, according to some embodiments.

[6034] FIG. 8 is a block diagram of a system for matenial convevance and separation,
according to some embodiments.

6635] FIGS. 8A-9F show a vanety of different pitch configurations for the separator,
according to some embodiments.

[6036] FIG. 10 shows an isometric projection perspective view of a separator during
operation and with working materal on the surface, according to some embodiments.
10637} FIGS. 11A and 11B show side and top views, respectively, of a system including
a separator and a convevor disposed above the scparator to feed material onto a working
plate of the separator, according to some embodiments.

{0638} FIG. 12 shows an assortment of separator plate geometries and configurations,
according to some embodiments.

(G039 FIGS. 13A and 13B show side and top views, respectively, of a system in which
matenial is fed from a conveyor to multiple separators, according to some embodiments.
(3640} FIG. 13C 1s a photograph showing a multiple separator system, including a feed
convevor and a splitter ramp, according to an embodiment,

[6041] FIG. 13D 15 a photograph showing a large, single-speaker separator system,
according to an embodiment.

{0842} FIG. 13E is a photograph showing a large separator system with an amay of
nwltiple speakers, according to an embodiment.

304 3] FIGS. 13F and 13G are photographs showing multi-separator system, in a series
and T-shaped configuration, respectively, according to some embodiments.

1(3044] FIGS. 14A and 14B are photographs showing an example starting material,
comprising cannabis trimimings, according to an crmbodiment.

(6645} FIGS. 15A and 15B are photographs showing an example first post-separation
component, comprising flower matenial, according to an embodiment.

{06846} FIGS. 16A and 16B are photographs showing an example second post-
separation component, comprsing leaf matenial, according to an embodiment.

3647} FIGS. 17A-17C are photographs showing an example third post-separation

component, comprising keef material, according to an embodiment.
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DETAILED DESCRIPTION

(3648} DBevices and apparatuses of the present disclosure can be used for conveying,
arranging, scgregating, sorting, and/or scparating heterogeneous solid material mixtures
that remain after or originate from harvesting/mining processes and/or simply make up the
components of major crops/raw resources. In some embodiments, a separator (also referred
to herein as a matenal separation device} is configured to impart oscillations or other
movements to a pitched working surface (also referred to herein as a plate, a working plate,
a substrate, or a deck) using controlled frequency and amplitude (also referred to herein as
a volume or height of travel) such that matenal disposed on the working surface vibrates in
resonance with, or under the mfluence of, traveling surface waves up the incline of the
vibrating pitched surface {e.g., motion due to surface acoustic propulsion). Constituents of
the matertal having different properties {e.g., densitics, sizes, shapes, weights, chenncal
compaositions, acrodyoamics, ¢ic.) can travel in differing (in some cases, substantially
opposite) directions when placed on the working surface and operated at sufficiently high
stope and level of agitation/volume because the rounder and/or more dense matenal will
begin to travel down the slope by bouncing {¢.g., evading the traveling surface
wave/acoustic propulsion more) and/or by gravity {(e.g., falling or rolling), such that
mixtures are separated into distinct homogeneous/concentrated solutions. In some
embodiments, the material to be separated, conveyed and/or arranged is a plant maternial or
cellulosic material.

(G049 Separation processes are mmportant to a wide vanety of industries, mciuding
mining, manufacturing, food, pharmaceuticals, and basic research, and thus can be used to
process a wide variety of different types of materials. The ability to guide and move separate
materials along desired paths using a relatively low amount of ¢nergy has far-reaching
practical appeal.

[6658] In some embodiments, a matenal separation device includes one or more
transducers that are configured to convert one or more input electronic signals into one or
more mechanical movements {e.g., unidirectional mechanical oscillations). An example
transducer 1s a hinear actuator. The matenial separation device can also include a plate that
is affixed to the transdacer. For example, an attachment can attach to and extend from the
bottom center of the plate, and also be attached/affixed to a shaft of a vertically beld linear
actuator. The plate can be positioned such that it s perpendicular to the shaft of the lincar

actuator, or the plate can be inclined relative to the ground (e.g., by a small angle). The
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plate can oscillate or otherwise move according o (¢.g., in response to, in synchrony with,
or under the nfluence of} the hincar actuator/transducer operation. The material separation
device can also include a structural base to secure the transducer in place. The base can be
set level, can be set at a fixed angle, or can be adjustable (¢.g., such that a tilt of the base or
a surface thereof can be tilted). The matenial separation device can also either inchude, or
be configured to mterface with, a source of an electronic signal input. The electronic signal
can have one or more waveforms associated therewith, Example waveforms include (but
are not limited to): one or multiple sine waves, one or multiple square waves, one or more
sawtooth waves, one or multiple triangle waves, or any combination or joxtaposition
thercof. The electronic signal can influence the frequency (e g, low frequency, such as from
0-100 Hz) of the plate, and the distance traveled (e.g., from § inches to about 6 inches) by
the plate during operation. The material separation device can also include, or be configured
to interface with, a power source to drive electronics of the material separation device. The
clectromnics can include, but are not himited to: the transducer (¢ .g., an actuator), one or more
signal controllers, one or more cooling devices (such as fans) and/or one or more sensors
(such as temperature sensors, EYroscopes, position sensors, etc.}.

{6051 In some ¢mbodiments, the material separation device 1s operated with an
clectronic input signal having a predeternined or pre-specified frequency and/or amplitude.
During operation, the plate can move substantially in synchronization with {or resonant
with} the electronic input signal. The predetermined or pre-specified frequency and/or
aroplitude can be sclected, for example, to cause softer, flatter, lighter and/or less dense
matenials to preferentially migrate upwards (“climb up”) along the surface {(which may be
stoped) of the vibrating plate, while harder, rounder, heavier and/or more dense materials
witl migrate downward {¢.g., by sliding, bouncing and/or falling) down the slope.

6652} In some cmbodiments, the matcnal scparation device is used as a
convevor/feeder device, can be configured {(¢.g., based on at least one of a plate geometry,
a plate treatment/conditioning, and a property of the electronic input signal} such that at
least a subset or portion of the material disposed on the plate moves cither preferentially
upward/uphill or preferentially downward/downhill, e.g., depending on the frequency of
the electronic input signal. Such movement of the matenial can be achieved, for example,
using a relatively low pitch angle on the plate and a relatively low signal volume or
amplitude. Alternatively, such movement of the material can be achieved at relatively high

signal volume in combination with the utilization of one or more stiffening and/or damping
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modifications on the plate. Stiffening and/or damping modifications to the plate can serve
to bias the direction of motion of the matenal, as compared to the tvpe of motion induced
on the unmodified plate, by using surface waves/distortions and correspondingly addmg to
and/or modifying the distribution of displacement/agitation/amplitude along the plaie. As
used herein, “volume” can refer to an acoustic/sound vohume level {e.g., of a speaker).
{6853} In some embodiments, the material separation device can be configured {¢.g.,
bascd on at least one of a plate goometry, a plate treatment/conditioning, and a property of
the electronic input signal} such that similar objects (e.g., from a plurality of objects making
up a material disposed on the plate of the material separation device} are aligned or
substantially aligned in a particular duection relative to device operation, for example
according to or based on the individual density distributions in the objects, such that the
similar objects all face the same direction {or substantially the same direction) during travel.
Alternatively or in addition, the material separation device can be configured to distribute
or “spread” one or more products for uniform distribution and/or transfer, for breaking up
or de-clumping bulk matenals, and/or i preparation for leveling/topping-ott in product
packing applications.

[6054] In some embodiments, the material separation device can be configured (0.,
based on at least one of a plate geometry, a plate treatment/conditioning, and a property of
the electronic input signal) to create one or more gradients in a matenial disposed on a plate
thereof. Ahernatively or in addition, the maternial separation device can be configured fo
induce an assembly or arrangement of pattemns in solution-based composite solutions cast
onto the plate {or “vibrating deck™). In some such embodiments, a desired diffusion and/or
assembly of constituent materials at particular operating parameters can be achieved, to
produce patterned films as the solutions settie and dry.

THIRRY In some embodiments, the matenal separation device can be configured for use
in conjunction with one or more linear actuator phased arrays, ¢.g., for enhanced capturing
and contammment functionality.

{0856} In some embodiments, the material separation device can be powered by one
or more altemative or passive energy sources, and i tumn be utilized as an electrostatic
generator using appropriate triboelectric materials with electnical connections to ground and

to a battery, ¢.g., to transfer static charges and to collect said charges from the environment.

Overview of Separation Methods

=
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3857} As used herein, a “separation method” can refer to any process used o convert,
subdivide, or segregate a mixture or combination of materials having different properties
{c.g., different shapes, sizes, densities, weights, chemical compositions, etc.} mto two or
more of its distinet constituents {or subgroupings thereof). The distinct constituents, once
separated out, can include one or more concentrated mixtures and/or one or more pure (non-
muxture) constituents. Separated constituents can differ in ong or more chemical propertics
and/or physical propertics, such as size, shape, mass, density, and/or chemical affinity.
Separation can be classified based on how the separation is achieved. In some cases, a
desired degree of separation is achieved using a single separation method. In other cases, a
desired degree of separation is achicved using multiple separation methods performed
concurrently or sequentially, When multiple separation methods are used, the separation
methods can be the same {¢.g., multiple iterations of the same separation method) or
different from one another (¢.g., a first separation method, followed by a second separation
method different from the first separation method).

[B058] Some separation techniques for liquids, gases, and solids imclude the use of a
Auidized environment and rely on gravitational force(s) to separate/segregate materials
according to their specific densities. For example, preferential flotation methods wutilize a
sinking chamber to accomplish such scparation.

6659} Gravity separation of disparate solids 1s an industrial method of separating two
components, of either a suspension or a dry granular mixture, where separating the
components with gravity is sufficiently practical because the components have different
specific weights. A density separator can be used to separate/segregate components of a
material, such that the resulting (post-separation} material exhibits a graduated progression
in physical distnbution from least dense material to most dense material, smallest matenal
to largest material, and/or least acrodynamic material to most acrodynamic material,
Known dry material stoner devices, by contrast, are typically hmited to two-way separation
(i.c., separation of a dry mixture mto two components thercof). In other words, while a
density separator can classify intermediate materials using a nuddling fraction, the typical
dry material stoner device does not have this capability. Instead, the dryv material stoner
device removes a small amount of heavy material from large amounts of light material,
producing a relatively clean, heavy concentrate without great product loss. During
operation of the dry maternial stoner device, the starting matenial is fed onto a flat, porous

deck that vibrates with a straight-line reciprocating motion. Unlike the density separator,
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the dry material stoner deck slopes in only one direction, such that heavy particies sink to
the bottom of the stratified bed and are conveyed upward to the reservoir behind the
discharge throat. The ight product particles, lified by the fluidizing air, flow down slope to
the discharge spout at the lower end.

[0868] The term “spiral separator” can refer to cither a device for separating
components of a slurry according to their densities {i.¢., a wet spiral separator), or to a
device for sorting particles by shape (i.¢., a dry spiral separator). Dry spiral scparators,
capable of distinguishung round particles from non-round particles, are used to sort
components of a feed material based on their shape. A dry spiral separator generally
mcludes a tower, around which 1s wound an inwardly inclined flight. A catchment funnel
is positioned around this inner flight. Round particles roll at a gher speed than other
obiects, and thus are flung off the inner flight and into the collection funnel. Shapes that are
not sufficiently round are collected at the bottom of the flight. Centrifugal jigs and
concentrators are similar to spiral separators, but utilize a tumbler or a spinming chamber
rather than a winding slope.

16061 ] Reichert cones, typically used in mining, are a type of pinched sluice device, in
which both lighter material and heavier material fall downhill, but lighter material separates
to the top, having a radial geometry rather than a linear geometry.

[6062] Threshing 1s a process of loosening the edible part of grain {or other crop) from
the husks and straw to which it is attached. The threshing process can remove seads from
stalks and husks, and is a step during grain preparation that takes place after reaping but
before winnowing, which separates the grain from the chatt, and does not remove the
bran from the grain.

[6063) Wind winnowing is an ancient agricultural method that, in its simplest form,
mvolves throwing a material mixture into the air so that the wind blows away the lighter
chaff, while the heavier grains fall back down for recovery. Vanations of the wind
winnowing technigue have mehuded using a winnowing fan (a shaped basket shaken to raise
the chaff} oratool {¢.g., a winnowing fork or a shovel} on a pile of harvested grain. Modern
versions of wind winnowing, used in developed arcas, involve the use of a machme, suc
as a combine harvester, which harvests, threshes, and winnows the grain while 1t 1s still in
the field. However, the simpler machines are still used in low-capital farming contexts, both
in developing countries and in developed countries on small farms that strive for especially

high levels of self-sufficiency.
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064} Destoners are a type of modemn mdustrial processing equipment that use dual
weighted pendulums attached to a rotary motor {optionally having variable speed) to create
vibration throughout an entire machine, and have an inclined/sloped plate or series of plates,
which relies on the throw angle of the overall vibration to jtter hghtweight matenal up the
mehine/slope while heavy matenal falls downwards. These machies can be very lood
(>100 dB}, while also being relatively heavy and costly.

G065 Wibratory conveyors are sometimes used to physically move and sift or sorf raw
matenials over a short distance. Instead of using a conveyor belt that runs on rollers,
vibratory convevors use an angular pitch along with a controlled throw distance from a
neutral rest position to propel material {or product) forward within a convevor trough.
Similarly (but with notable differences), ascrew convevor or auger Conveyoruses a
rotating helical screw blade, usnally within a tube, to move liquid or granular materials,

[0066]

Vibrational Studies

3667} Cymatics, from Greck meaning "wave", is a subset of modal vibrational
phenomena. The term was coined by Hans Jenny (1904-1972), a Swiss follower of the
philosophical school known as anthroposophy. When the surface of a plate, diaphragm, or
membrane (optionally held level) i1s vibrated, regions of maximum and minimum
displacement can be made visible using a thin coating of particles or liquid on the
surface. Different patierns can emerge within the working medium depending, for example,
on the geometry of the plate and the driving frequency. When observing the movement of
sand on a vibrating plate i the 1780s, Ernst Chladni noticed that the sand tended to move
toward a predictable set of points/regions, depending on the frequency at which the plate
was vibrating. These pomts/regions can be referred to as “nodal hines” - a phrase coined by
the scientist Michael Faraday, and are the arcas of the vibrating plate which are not
expenencing vibration because they exist at the boundary of two regions of the plate that
are vibrating in opposite directions, canceling one another out.

{30638} When a surface 1s subject to vibration, it can distort in a non-uniform way,
having arcas/regions of greater and lesser distortion. Imagine attaching a rod to the center
of a large floppy piece of card and bolding the rod in vour hand with the card on top, now
move the rod directly up and down. The card begins to flex or distort its flat appearance.

The energy from the movement of the rod radiates outwards from the center of the card

10
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where the rod is attached, m the form of vibrational waves that travel through and distort
the surface of the card or plate. Such vibrational waves can be referred to as bending waves.
Now mmagine, rather than being moved up and down by hand, that the rod was attached to
a device that can vibrate tens or hundreds or thousands of times per second with precise
strokes. This latter description describes the action of some embodiments of the present
disclosure.

30691 Areas or regions of the greatest distortion to the surface of a vibrating plate can
be generated in response to the frequency of vibration from waves reflecting at the edges
of the plate, and 1n between these areas or nodes, nodal lines can be disposed. When a
working/feed/starting material, such as sand, is sprinkled onto the plate to reveal these
distortions, the material can be displaced by the peaks and troughs {or areas/regions of
greatest distortion} that shift or “push” the matenial out of the way, causing it to scttle along
the nodal Iimes. The distnbution of product that has settied on/along nodal lines, visible on
the working plate during or after operation of the separator, can be regarded as an mverted
representation of the wave shape that moves/moved through the plate as the working
material was moved and/or separated on the working plate, ultimately gathering/collecting
where the wave was/is absent. In some embodiments, increasingly complex patterns can be
obtained by using increased frequencics of vibration of the working plate.

[6676) The vibration of plates can be considered a special case of the more general
problem of mechanical vibrations. Equations governing the motion of plates can be simpler
than those for general three-dimensional objects, since one of the spatial dimensions of a
plate s tvpically much smaller than the other two. As such, a two-dimensional plate
theory can serve as an excellent approximation of the actual three-dimensional motion of a
plate-like object. Several theories have been developed to describe the motion of plates, the
most commonly-used being the Kirchoff-Love theory and the Mindlin-Reissner theorv.
Additional details on these theories can be tound wm (1) Jump up, A E. H. Love, On the
small fiee vibrations and deformations of elastic shells, Philosophical trans. of the Royal
Society (London), 1888, Vol séric A, N° 17 p. 491349, and (Z) Reddy, J. N 2007, Theory
and analysis of elastic plates and shells, CRC Press, Taylor and Francis, the entire contents
of each of which s herein incorporated by reference m its entirety for all purposes.

{06671 Solutions to the governing equations predicted by these theories can provide

msight into the bechavior of plate-like objects under both free conditions and
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forced conditions. The modellable behavior can include wave propagation as well as the
study of standing waves and vibration modes i plates.

(6672} Boundary conditions for the vibration of plates were described in 1850 bv G R,
Kirchhoff, and a mathematical description of vibrational behavior of a rectangular flexible
membrane, which 1s important for the understanding of the sound emitted by drums, was
solved for the first time by Simeon Poisson. The vibration of a circular membrane was
studied by . F. A. Clcbsch in 1862, Since that time, vibration studies have been performed
on g variety of practical mechanical and structural systems. For example, in 1877, Lord
Baron Rayleigh published his work on the theory of sound, considered a classic on the
subject of sound and vibration. Notable among the many contributions of Rayicigh 15 the
method of finding the fundamental frequency of vibration of a conservative system by
making use of the principle of conservation of energy (now known as Ravleigh’s method).
This method proved to be a helpful technique for the solution of difficult vibration
problems. An extension of that method, which can be used to find mwultiple natural
frequencies, 1s known as the Rayleigh-Ritz method.

3673} Recently, amethod was devised for the controlled movement of multiple objects
using a single sound source. See (Juan Zhou, Veikko Sariola, Kourosh Latifi, and Ville
Litmatainen, Conirolling the motion of multiple objects on a Chladni plate, Nature
Commumcations, 7, 2016, the entire contents of which are herein ncorporated by
reference in their entirety for all purposes. As detailed in Zhou, objects could be
manipulated such that the objects spelled out words on a surface. The manipulation included
guiding the objects over the surface nto a patiern, m a manner that could be captured by
time-lapse photography. To achieve the pattern, “melodies” were constructed, such that the
transitioning notes would cause the objects to move in a predictable manner/programmed
path along nodal lines specific to that resonant frequency.

16074] Since Chladni published his observations wn Discoveries in the Theory of
Sound in 1787, the prevailing view has been that although the movement of particles on a
vibrating plate toward nodal lines can be predicted based on the frequency of the plate's
vibration, the movement of particles cutside these nodal lines is essentiaily random. The
randommness of particles outside of nodal lines meant that the movement of these particles
could not be controlled. Zhon, however, demonstrated that object movement outside of
nodal lines can be predicted, and that multiple objects can be manipulated with a bigh

degree of precision.
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[B075] Another study, by Viswarupachari, investigated transport of particles on a
cantifevered plate (i.¢., a plate that is fixed along one edge), when vibrated asymmetncally
m s plane. A frcuon model with hoth dry and viscous fiction ferres was considered.
Nondinear frictional inferaction between the particie and the plate, and asymmetry m the
vibrations of the plate, were deomed essential for the transport process. Two kinds of
asymmetry - namely 4".1@(-} asymmetry and temporal asvounetry - i the plate vibrations
were also considered. The transport mechanism and transport properiies for both kinds of
wmput motion (spatial and tomporal asymmetries) were wdentified, with three dimensionless
parameters characterizing the transport propertics, and fwo encrgy wetrics defined for
describing the efficiency of the transport process. Additional details can be found in Ch,

Viswarupachan, Anirvan DasGupta and S. Pratik Khastgir, Vibration Induced Directed
Transport of Particles, J. Vib. Acoust 134(5), 2012, the entire contents of which are herein
incorporated by reference in their entirety for all purposes.

[G076] Levitation technology, or “acoustic levitation,” 15 the manipulation of material
with sound. It has been established that ultrasonic standing waves are capable of suspending
small particles within sound pressure nodes, and to date have been used to levitate
lightweight particles and water droplets. A studv by Ochiai considered extended acoustic
manipulation whereby various millimeter-sized particles were levitated and moved three-
dimensionally using localized ultrasonic standing waves generated by multi-dimensional
phased linear actuator arrays. Additional details on these theories can be found in Yoichi
Ochiai, Takayuki Hoshi, Jun Rekimoto, Three-dimensional Mid-air Acoustic Manipulation
by Ultrasonic Phased Arrays, 2006, the entire contents of which are herein incorporated
by reference in their entirety for all purposes.

Overview of Separator System and Methods

6677} In some embodiments of the present disclosure, a separation technigue includes
physical vibration (optionally with distibutions in vibration across a swrface) and
gravitational force, performed on and/or above the surface, can be performed under
atmosphenic conditions {but i1s not limited to ambient atmosphere), and is used to
separate/scgregate sohd matter (but is not limited to solds). Depending upon the
embodiment or implementation, one or more of (1) an overall piteh of the machine, plate
and/or working surface, {2) a frequeney or type of traveling wave (¢.g.. low frequency, ~12-

20 Hz, or higher frequency, ~30-60 Hz, modes), (3} the volume or level of agitation and
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throw distance/speed, and (4} the teed rate of the matenal 1s adjustable and/or tunable 1o
achieve a desired operation.

16078] In some embodiments, a separator includes a transducer {optionally comprising
an actuator) or an array of transducers that drives a substantially horzontally onented, and
optionally inclined with respect to the horizontal plane (1.e., semi-horizontal}, plate/surface
{or serics of plates). The transducer(s} can causc the plate/surface{(s) to oscillate with a
precise, predefined periodicity and/or amplitude. The transducer(s) and plate(s)/surface(s}
can have anv of a wide vanety of configurations, shapes, and sizes. Durning operation of the
separator, material mchuding, for example, distinctly highter and heavier pieces, can be
separated into constituent parts thercof by placing the matenial (which may be a mixture)
onto the plate/surface, optionally tilting the plate/surface such that it defines an inclined
plane that 1s angled with respect to the horizontal plane, and vibrating the plate/surface (e.g.,
via a driving/actuation motion along an axis that is perpendicular with respect to the
ground/horizontal plane) at a predefined frequency and volume such that at least a portion
of the matenal {e.g., one or more constituents thereof) preferentially migrates/climbs
upwards toward {(and, optionally, falls off} the highest edge of the plate/surface, while
dissimilar material bounces, rolls and/or falls down the sloped surface toward (and,
optionally, off) the bottom edge of the plate/surface.

{6679} FIG. 1A shows an clectromechanical separator in an assembled/constructed
form. As shown in FIG. 1A, the separator 100 includes a plate 101 having a working surface
{c.g., the topmost planar surface thereof), a connector 102 {¢.g., a cylindrical coupler)
disposed between the botiom center of the plate and a transducer 103 {and contacting and/or
affixed to cach), a base or housing 104 configured to receive and/or support the transducer
103 and the plate 101 attached to the transducer 103, and an optional shock
absorbent/isolating base/pad 105, FIG. 1B shows an exploded isometric view of the
separator of FIG. TA. The transducer 103 can include a lincar actuator. Alternatively or in
addition, the transducer 103 can be an electromagnetic transducer, The transducer 103 can
be configured to move the plate 101, optionally without the use of springs, belts, bearings,
tubricants, pumps/jets, or mechanical engine/motor components. An mput to the transducer
(not shown) can be connected to the output of a controller/amphificr/waveform generator
{which may be nternal to the separator and/or external to the separator) and o a power

source (which may be mtemal to the separator and/or external to the scparator).
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3086 In some embodiments, components of the separator 100 {e.g., plate 101,
connector 102) are formed from or inclade hghtweight but dense/rigid materials, such as
high-density sandwiched foam core and mndustrial adhesives.

[6681] FIGS. 2A-2D show front, right side, rear and top views, respectively, of a
separator plate, according to some embodiments. The side view of FIG. 2B shows that the
separator plate can be positioned at an angle/pitch. FIGS. 3A-3D show front, right side, rear
and top views, respectively, of a connector for a separator, according to some embodiments.
FIGS. 4A-4D show first side, second side, top and bottom views, respectively, of a
transducer for a separator, according to some embodiments. FIGS. SA-5D show front, side,
bottom and isometric projection views, respectively, of a base housing for a separator,
according to some embodiments. As shown m FIG. 5D, a hole/recess is defined n the base
housing, to at least partially receive, support and/or connect to a transducer. FIGS. 6A-6C
show front, side, and top views, respectively, of a shock-absorbent base for a separator,
according to some embodiments. The shock-absorbing base can serve as an isolating
foundation during operation of the separator.

10682] FIG. 7 18 a process flow diagram showing a process for material conveyance and
separation, according to some embodiments. As shown in FIG. 7, the process 700 mncludes
providing a matenal onto a separator plate {or substrate, or deck) surface, at 752, optionally
by conveving the material toward the separator plate (730). A transducer of the separator i3
then energized, at 734, 1o cause at least one of conveyance, separation, and arrangement of
the material into multiple constituent parts/portions.

[0083] Table 1, below, shows experimental data comparing a vancty of starting matenals
(“Inputs™) to corresponding separated/sorted portions thereof (“Outputs™), and providing
analytical data regarding the results of the experimental run for cach row. Al starting
materials described i Table 1 may be referred to as “standard cannabis trivunings” — a
mixture of leaf-rich matenal with < about 50% flower, which includes keef powder (which
was collected), and which has stems that were ignored. The data was obtained using a2 247 x
397 rectangular plate, weighing about 6 pounds and being priched about 2 degrees from level
with the honizontal plane. The transducer was operated with an input 20Hz sine wave. The
power and volume of the amplifier/speaker was adjusted to achieve a throw distance of about
1 cemtimeter {cm}. The “Percent Yield” is based on an amount of flower and powder
obtaimed/viclded from the starting material. For each experimental ron shown in Table 1, the

separation efficiency was > 90% for a single pass of the starting matenial through the system.
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In other words, more than 90% of the desired flower was successtfully separated/removed

from the unwanted leaf from the overall collection of trimmings.

INPUTS SUTPUTS AMNALYSIS
Material :; ?:;gg Run | Flower Leaf Powder | Percent | Separation | Yield
Strain Weight Time | Weight | Weight | Weight { Yield Speed Speed
Holy o oy . (.82
Grail 2547 ¢ 1.5hr {3%1¢g 1986 ¢g 170¢g 22.06% | 3.74 lbs/hr ths/hr
Platinum 3.82 1.01
4 % 627 Ibs/
oG 4647 ¢ hr 1750¢g | 2857 ¢ G g 38.52% | 2.621bs/hr tbs/hr
Doside | 5965g |+ limiog l4cazg |113g | 1638% |316ms/me | 202
o & 8 5 20 ) S ARV | by
Lemon
Banana 10964 g 5.32 654 ¢ 9987 g 318¢ 17.54% | 4.09ibs/hr u.72
Serbert hr tos/hr
Platinum (.56
~y & - o L Adb
o6 7983 8 4 hy 783 g 6968 ¢ 232¢g 12.71% 4.4 1bsthr tbs/hr
A
Dosido 10869 | 6.5hr §938¢g 9415 g 516¢g 13.38% | 3.69 lbsthr ?bs'?hr
GB Kush 20228 15 831 g 1103 ¢ 83¢g 45.45% | 2.97 lbs/hr s.bffhr
1.17 .42
ins 3 : : 14.68% ; 5
Rotllin 1489 ¢ hr 212¢g 1279 g 8g 14.68% | 2.83 lbs/hr ths/hir
Dosido 1542g | 1.7hr 1384g | 1142g |16g 25.94% | 2 tbs/hr ?;’fm
il
0G 7.08 0.37
g7 3782 36 24% .55 Hos
oatinum | 49768 | 8aDg | 3782g [364g | 24% 1.55 fbs/hr ibs/hr
Gelato 4536g | 15hr {14588 2767g [3lig | 39% 6.67 los/hr ?&:f/hr
Holy S : a0y 1.64
i % A4 s/
Grail 11113¢g | 45hr | 3023g | 7757 ¢ 333¢ 30.20% | 5.44 lbs/hr ths/hr
Lemon 152
Banana 127008 | Shr 2870 g | 9253¢g 477 g 27.14% | 5.6 lbs/hr '
Serbert tos/hr
Roflins 20418 1hr 535 ¢ 1406 ¢ 100g 31.11% | 45 ibs/hr Elt;f/hr
Dosido 72578 | 4hr 14925 | 5330¢g 435¢ 26.56% | 4 lbs/hr s-bf,?hr

Table 1: Experimental data for multiple separation runs with differing starting matenals
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[6084] FI(s. 8 15 a block diagram of a system for material convevance and separation,
according to some embodiments. As shown in FIG. 8, the system 800 inchudes a separator
842, an optional extermnal conveyor 840, and an optional collection receptacic 844, The
separator 842 mcludes a plate 8424, a transducer 842, a connector 842B disposed between
the plate 842 and the transducer 842C and coupling them mechanmcally and/or electnically to
one another, a base 8420 mechanically coupled to the transducer 842€, and an optional shock
absorber 842E mechanically coupled to the based 84213,

[p085] In some embodiments, a vanable frequency/volume drive is used to operate the
transducer of the separator. The power for driving the transducer can be relatively low (e g,
icss than 1 horsepower, or less than 750W). Alternatively or in addition, a noise level
associated with the operation of the separator can be relatively low {e.g., less than about 55
dB). Alternatively or in addition, the transdacer of the separator can be operated at a
relatively low frequency {e.g., about 20 Hz),

{0086} In some embodiments, a relatively heavy and shock-absorbent base {(c.g., base
104 n FIG. T1A-1B) 1o house/support the transducer (e.g., transducer 103 in FIG. 1A-1B).
For example, the transducer can be secured tightly and flush with the hole/recess defined
in a top face of the base {e.g., as shown in FIG. 5D3), by using the appropriate bardware
connections. In some implementations, the base is configured not to move (or to exhibit
substantially no movement) in response to the transducer operation, and/or 1s configured
not to transmit the transducer signal through its body, rather remaining motionless or
substantiaily motionless. The base can also be contigured to dissipate vibrational signals
well. In some embodiments, the base is positioned atop (and optionally affixed to) shock
absorbent/msulating pad/mat (2.g., shock absorbent/isolating base/pad 105 1in FIG. 1A-1B},
which can be formed, for example, from a dense foam or robber material, or any other
suitable shock-absorbing material. In other words, the base can be acoustically isolated
from its surroundings as much as possible, and/or can serve to passively dampen reaction
forces that are created from the dynamic motion of the plate. The ability of the base to
passively dampen such forces can be due, for example, to having an appropriate mass and/or
dampening material properties.

{60871 One or both of the base (which may itself hold the transducer, for example level
with the ground} and the plate can be inclined relative to the transducer, or can be pitched
at alternative angles. FIGS. 9A-9E show a vanety of different piteh configurations for the

separator (e.g., positional relationships between the transducer and the plate), according to
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some embodiments. FIG. 9A shows the case where the transducer {e.g., a linear actuator)
is held level and the plate is also held level. FIG. 9B shows the case where the plate is
orthogonal (i.c., is not angled) with respect to the transducer, but the transducer actuator
itself 1s no longer fevel (e, 1s angled/pitched), and therefore the overall plate is pitched
relative to the ground. FIG. 9C shows the case where the transducer 1s held level but the
plate is pitched relative to the transducer, and therefore is pitched relative to the ground.
FiIG. 9D shows the case where the plate is pitched relative to the transducer and the
transducer 1s pitched towards the low end of the inclined plate. FIG. 9E shows the case
where the plate 1s pitched relative to the transducer and the transducer s pitched towards
the high end of the inclined plate, but the overall plate angle is still sloped relative to ground.
A further pitch configuration {not shown) 1s where the overall pitch angle of the plate is
level (i.e., parallel with a ground/horizontal plane) as a result of a pitch of the plate and an
opposing pitch of the transducer canceling each other out.

[G088] Pitching of the plate can serve to bias rounder/more dense material to fall, and
the overall pitch can be determined by taking into account, for example, two major angles
of concern: the angle of the plate relative to the transducer (the “plate angle/pitch,” which
may dictate an amount of gravity separation involved) and the angle of the transducer
relative to the ground (the “lincar actuator angle,” which corresponds to the physical “throw
angle” or direction of bouncing the working material).

{0089} The pitching of the transducer {¢.g., linear actuator} relative to a planc that s
level with the ground can result in a small amount of lateral force n that direction. Pitching
the transducer towards the high end of the plate can bias the throw angle (1 ¢, the direction
of throwing or oscillating/bouncing of the working material) such that the working material
{the matenal to be refined/separated) will climb uphill more easily, while pitching the
transducer at an angle towards the low end of the plate will make © more difficult for
material to chimb up the slope of the mclined surface even when the maximum cymatic
response/forees are utilized (1.2, imposed using the appropriate frequency and volume and
distortion distribution). In some embodiments, the plate can be secured such that the angle
of the plate relative to the ground is adjustable, or such that the whole plate can be attached,
removed, and reattached (e.g., using appropriate fasteners) to the transducer, for example
to account for vibration damping, without moving or changing the pitch of the base and

transducer, thereby keeping the base and transducer level. fn other embodinments, the base
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includes adjustable feet or leveling casters that can be used to level the separator or to
change the piteh of the separator.

[6656] Embodiments of the present disclosure facilitate the countrol of an input signal
to the transducer. For example, one or more of the mput signal frequency, input signal
amplitude/signal volume, and shapeftype of the mput waveform can be controlled,
according to a desired conveyance, distribution/patierning, and/or separation results.
Frequency refers to the repetition of ¢ycles up and down that the plate is oscillated per unit
time {e.g., per second), and corresponds to or defines the speed at which the plaie
oscillates/vibrates, thereby goveming the resalting surface waves. In some embodiments, a
desired climbing and falling behavior for a material can be achicved over a relatively small
range of frequencies {¢.g., between from about 20 Hz to about 25 Hz), i which case the
highest working frequency performs with more rapid material mobility compared to lower
frequencies {as more oscillations are being performed per second}.

6091 In some embodiments, increasing the amphitude or volume (¢.g., causing greater
distortion in the plate, 1in response to the greater intensity of oscillation) of an mput
oscillatory signal will cause material to move greater distances per cycle/oscillation (as the
plate moves a greater distance per oscillation), and therefore moves more distance in the
same amount of time, resulting in an enhanced travel specd/mobility compared to lower
volume for a given frequency. Greater volume can also increase the forceful agitation of
the material (which can serve to break up and/or scatter the materials, and to make heavier
materials bounce and fall, or in other words, to climb less).

{3002} FIG. 10 shows an isometric projection perspective view of g separator during
operation and with working matenal on the surface, according to some embodiments. As
shown in FIG. 10, the separator can be configured such that, during operation, lighter/flatter
material climbs and rises over the highest edge of the plate while heavier/rounder matenal
travels toward, and falls down off of, the lowest edge of the plate. Signiticantly, when the
plate has differences in stiffness, the stiffer regions can distort less at a given volume,
however all regions may exhibit some increase in distortion/deflection with a corresponding
increase in volume.

3693} With regard to the shape of a working matenial,) 1n some embodiments flatter
material may rise along the plate under the mfluence of an appropriate frequency, as may
materials with higher aspect ratios, such as twigs or sticks, which typically make their way

up the mchne as compared to rounder materials which tend to roll downhill. Significantly,
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disparate matenals (hike twigs and sticks, which are not only long and thin but can be soft
or hard} may be biased to climb or to fall down the slope preferentially depending on the
separator configuration and operation, and the case of biasing such behavior can depend on
the constituents and concentration ot the material to be separated. FIG. 10 shows that larger
round material constituents (806} or smaller round matenal constituents (807} and dense
materials may travel downward along the slope of a pitched plate, whereas flatter material
constituents (808), which can be large or small as well but typically are relativelv less dense
in general, may travel upward along the slope of the pitched plate. Round materials can be
more conducive to bouncing and rolling downhill even at lower volume, although at
sufficiently low volume {and sufficiently low plate slope) all types of matenial will
gently/slowly move (“shimmy”) uphill. Even for relativelv high-pitched slopes (e.g.,
around 5 degrees from level/horizontal), many materials will not readily travel/fall down
the slope of the plate when placed on the plate’s surface, in view of their light weight and/or
sufficient friction with the plate. For example, some organic materials may slide to a stop
on inclined surfaces pitched from 0-20 degrecs from level or more, and bevond such angles
the pitch may become sufficient for gravity itself to maintain 2 motion of the materials
shiding dowan the slope. In other words, sufficiently high plate slopes can cause matenals to
fall/slide along the plate surface without additional/applied force.

6694} In some embodiments, surface traveling waves {a tvpe of surface acoustic
propulsion} or dysamic vibratory responses are employed o move material i a
predetermined/desired fashion, rather than randomly shaking the material or focusing it tto
aggregated domains or series of domains on the plate. During operation of some separator
embodiments, the flow of the working material on the plate can have an optical ilusion
type appearance, for example when material moves uphill in chorus, rather than downhill
as it would if bounced perpendicular to the ground, where reflected waves at a particular
frequency are not resonant or standmg waves, but rather are traveling or scanning from one
side of the plate to the other, as made visually apparent by the motion of the material. Under
certain conditions, using a frequency respouse that induces traveling waves that scan
upwards in the case of an mnclined plate, matenal (¢.g., mixtures) can be made to climb the
plate surface. In some embodiments, material movement s influenced in part by gravity
and a miniowm amount of agitation/volume to separate heavy/dissimilar material downhill,

if desired. In some such implementations, reducing contact with the traveling waves on the
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working surface can prevent bouncier matenial from climbing the incline of the plate
surface.

16095] In some emboduments, the separation of lighter and heavier materials is
controtled or influenced by the utilization of an appropriate frequency for a given plate,
optionally n balance with one or more other parameters (¢.g., frequency, signal volume,
for a specified plate stiffness/structure and associated surface area relative to the
transducer, and/or pitch/slope/angle relative to the ground). The amaplitude of the electronic
drive signal can be himited by the power capability of the transducer(s)/power source and/or
the weight of the plate, which will govern the maximum allowable volume, and can also
depend on the quality of the materials and/or connections {mechanical and/or clectrical)
used. or more specifically, their ability to transnuf or dissipate vibration where/when
desired. Embodiments of the present disclosure can be scaled wp or down i size, for
example using transducers of varying sizes in different numbers and/or configurations. The
surface arca ot the working plate can be increased, while controlling the plate surface arca
overhanging a single transducer, by using an array of transducers (which can be larger and
fewer or smaller and increased in number, with appropriate distances separating them)
connected to ong enlarged corresponding plate. Depending upon the application, separator
embodiments can mclude one plate or multiple plates in series.

6696} In some embodiments, a separator plate has relatively short vertical sidewalls
that, if appropriately light and well connected, can aet as physical barriers to prevent
material from falling off the sides of the plate. Altematively or in addition, a separator plate
can include one or more skirts or enclosure panels to serve as shiclding for confinement
and mitigating material loss daring processing, which can optionally be transparent to
permit viewing of the separator operation.

6657} In some cmbodiments, one or more stiffening/dampening propertics can be
imparted to the plate, for example to change the distortion response of the plate from the
transducer {e.g., lnear actuator) movements/osciilations acting along the length of the plate
{particulady towards and reflecting from the edges), such that one end of the plate may
exhubit more agitation or less agitation than an opposite end of the plate or a different
portion of the plate, or to achieve a desired distribution in agitation across the plate. Matenal
on the plate surface may tend to move preferentially in a direction of a dampened region

due to the reduced relative vibrations.
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[3098] During separation operations, in some embodiments, heavier material rolling
downhill is agitated to a degree sufficient to prevent the heavier material from climbing
uphill, but also needs to be able to overcome the displacement
action/bucking/kicking/repelling at the low end (e.g., high distortion region) of the plate.
Using stiffencrs/dampeners only at the top/high end of an mclined plate can cause all or
most material to tend to chimb ophill rapidly in one direction, especially when the plate is
pitched at a lower angle using low volume, which can be exploited to use the separator as
a convevor/feeder.

(3699} In some embodiments, plate stiffening/damping inchudes the placement of spars
or struts or frames in various configurations that are added/attixed to any or all sides or
cdzes of a flat plate, to increase ngidity without adding much weight. Alternatively or in
addition, walls can be positioned on the top side(s) of the plate to prevent material from
bouncing over the sides. In other embodiments, plate stiffenming/damping includes the
placement of scoops/gutters/slanted walls along the plate edges, to allow for different
functions, such as to cause relatively less drag/suction in the downward direction, and/or to
push air during the upwards stroke so that air 18 pushed back upward or onto the plate, for
example to promote the creation of additional non-solid air walls that can help to keep
material from reaching or going over the plate’s edges dunng operation {¢.g., bv repelling
it with the pushed air, or conversely by sucking material off the edge). Alternatively or in
addition, designing the plate such that greater distortion is present at the side walls, for
cxample by having more overbang/cantilever of the plate from where it is affixed to the
transducer, or by having reduced rigidity in the lateral direction of the plate, can act well to
repel material from those side edges.

[3100] In some embodiments, a cortain amount of overhang (1., a length of the plate
that is cantilevered, exiending outward from where it i1s affixed to the transducer
underneathy 1s desired for sufficient/desired transference of the surface wave, or for
sufficient/desired physical displacement/vibration/distortion. The surface arca of the plate,
and/or the diameter or surface area of the connector can be modified (increased or
decreased) to change the amount of plate overhang, or the amount of cantilevered plate
length. Surface arca that overhangs where the plate is connected to the transducer can
impart a stress due to the cantilever force or moment of inertia, and the boundary conditions
of the edges (fixed, moditied, or frec) may dictate the reflection/response of the traveling

waves/distortion. Under oscillatory vibration/operation, the plate can still exhibit a
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distribution of distortion that is more noticeable at the free-standing edges {where the plate
is not fixed}. Traveling waves, or surface waves produced on the plate, will also
travel/transfer more casily and with less noise in more rigid plates - so much so that, in
some cases, they may transmit the signal without sufficient distortion to agitate materials
on the surface.

{6161} In some embodiments, a plate is positioned offcenter from the
comnector/coupler between transducer and the plate, such that differcnt ends of the vibrating
plate/surface protrude by different distances as measured from the center of the separator
(or of the connector), thus effectively biasing the amount of cantilever. Depending on the
plate’s material propertics, longer or shorter cantilevers may mechanically vield (Fgive™)
and/or respond with more or less deflection depending on stiffness and weight to length,
for example because some short cantilevers may agitate more than long ones if the material
is light, and then the length of the long cantilever can be damped by the additional amount
of material, particularly if less stitf, all depending on the overall shape of the plate and/or
the frequencies used.

(3182 A variety of different plate shapes and sizes, such as longer and narrower plates,
or trapezoidal plates, can be used, for example to bias the boundary conditions and traveling
waves and/or the level of agitation/distortion that particular regions of the plate are exposed
to (which, m tumn, may also depend on the frequencies used, as discussed above).
Furthermore, enhanced behavior {e.g., a more clear transfer of the input harmonics to the
vibrating plate, or more desirable performance) can be obtained utilizing proper matenial
svnergy {¢.g., using similar materials rather than dissimilar ones, optionally all made from
one piece (monolithic) or having seamless connections) and appropriate material properties
{e.g., using higher quahity insulating/damping maternials where appropriate, and optionally
more rigid materials, or a variety of soft and hard surfaces. as appropriate) to transfer the
loads optimallv and to nutigate noise effects.

{0163} In some embodiments, a method stiffeming/damping meludes using a plate that
has a gradient in material properties built directly into the body of the plate {e.g., along its
length or m some distnbution/pattern/geometry). For example, a plate can be fabricated
such that it has a periodic or non-periodic distribution of porosity, density, and/or rigidity.
[3104] In some cmbodiments, plate stiffening/damping includes clamping/affixing
additional weight and/or cantilevers to the sides and/or edges of the plate, for example to

introduce dampening (and/or points/lines of stress) by way of strain due to the added mass.
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[(3105] In some embodiments, a method of distnibuting distortion along a plate
{achieving an ecffect similar to that of stiffening/damping) meludes using multiple
transducers {(¢.g., linear actuators) affixed to a single plate but with different acoustic/audio
volume controls for each, so that the associated volumes can be mcreased or decreased
relative to the other(s), and certain regions of the plate can be agitated more or less. This
can resulf in a complex wave response, and/or a superposition of reflected waves. In some
cmbodiments, a single frequency, together with the act of changing the volume between
linear actuators , can be used to distribute the intensity in agitation/distorfion.

(3106} In some embodiments, a light stream of constant or pulsed air can be introduced
from above the plate, the air originating extemal from the separator/system, ¢.g., along a
line perpendicular to a direction of material motion along the width of the plate. The light
stream of air can, for example, gently push some of the falling more acrodynamic, but
lighter, material, while denser and more agrodynamic material can continue to fall down
the plate’s slope and past the stream of gentle air. Pulsed air, or low-pressure blowing air,
can also be utilized in cooperation with operating modes of the current disclosure (such as
the embodiment where the machine collects material towards the top and discards material
out the bottom}, such that streams or jets of air can be used to wash the plate clean off the
top. or downwards, for cxample periodically. Alternatively, the board could wipe itself
clean when ready by letting/making all matenial fall or chimb, particularly the matenial that
collects on the plate.

{3167} In some cmbodiments, the vibratory plate can have one or more of a wide
variety of different textures, shapes, stractures, and/or layers. In one embodiment, the plate
is flat, rigid, somewhat roogh, and lightweight, with a complete/robust/scamless conmection
to the transducer. The scamless connection can help to reduce or avoid unwanted pressure
points, pinching, or stress on the plate that may cause an unwanted shift/complexity in the
frequency response and field hine pattemns for vibration waves traveling through the plate.
Examples of various structures and shapes are shown m FIG. 12

{3108} In some embodiments, all surfaces in contact with the working material are
“food grade.” One embodiment for making a surface “food grade” mvolves coating the top
surface of the working plate (or any surface in contact with the working materialy with a
material that is “food grade” and easy to clean under standard procedures, for example a
food grade epoxv coating or a self-adhesive backed plastic filow The coating can inclade,

for example, a patieming techmque that gives texture to the surface and/or that resuits in
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distnbutions 1 thackness and/or texture, o create some friction {and/or biased
dirgctionality} for objects having a tendency to slide downward along a stoped surface (e.g.,
not conceming heavier/round material that will bounce and roll). Another way to achieve
this 18 fo texturize and/or pattern the plate, and then spray the texturized/patierned plate to
produce a umiform “food grade” coating that still conforms fofexhibits the underlying
texture. Examples of various textures and patterning are depicted in FIG. 12,

3109 In some embodiments, a temporary top plate is attached to a permanent plate
(e.g., plate 101 of FIGS. 1A-1B) that, i turn, 1s affixed or mechanically coupled to the
transducer. The temporary plate can be disposable (¢.2., a film or affixable surface}, such
that it can be discarded and replaced between operations involving different materials, to
reduce the need for additional cleanimg procedures/materials.

[0114] The placement of a working material onto a plate can be achieved by a wide
variety of feeding methods. The feed rate of an incoming matenal to be separated can be
significant. FIGS. 11A-118 show the use of a conveyor belt or feeding mechanism (909)
to drop material in a line along the plate in a direction perpendicular to the separating
dirgction/material motion while the transducer 1s in operation, and considering that the feed
conveyor/direction may be pointed in the downhill direction of the vibrating deck to bias
the enhanced removal of rounder heavier materials due to their momentum. The height of
the drop as well as the position of the dropping can be controlled over the area of the plate,
which can be different when optimized for different materials or for similar materials with
varying propertics. In considering these parameters, sufficient length of a single plate can
also be an important design consideration, to allow maximum separation to occur, as well
as maximum width of the plate, for maxamum material throughput. In some embodiments,
lareer amounts of material can be preloaded in the feed convevor by using a hopper that
holds a large volume of matenal and/or that slowly emits/dispenses the material for
fransport by the convevor belt.

G111} In some embodiments, short shuce/shde/ramp 1s used, after the feed conveyor
and as part of a feeding process. The sluice can be pointed toward the vibrating plate, and
can serve to agitate and break up (i.¢., de-clump) matenal before it hits the vibrating plate,
and/or to rapidly and passively speed up the matenal feed over a short distance and in a
designated direction or along a controlled route, thereby preprocessing/preparing the
material for more effective separation by the vibrating plate. An example embodunent using

a shuice/shde/ramp is shown i FIG. 13A. Appropriate ramp designs and/or multiple ramps
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will facilitate the feeding (e.g., by a user) of matenal from one convevor to multiple plates
stmubtaneously, as shown in FIG. 13B.
3112} In some embodiments, passive bin sorting, or the application of
extended/textured sluices/shdes to capture residual/unwanted material | can be used, eg..
as an in-line post-processing refinement, as shown in FIG. 13A.
{6113} FIG. 13C 1s a photograph showing a multiple separator system, according to an
crobodiment. As shown m FIG. 13C, the system includes a feed convevor and a sphitter
ramp 1o feed two distinct separator machines simultancously {or substantially
stmubtaneously). Once a starting material {¢.g., cannabis trimmings) is conveved along the
convevor to the splitter ramp, and fed onto the separator machines, the separator machines
act on the starting material to separate the starting material into portions/components
thereof. The separated portions are collected in four bins - for example, two bins for leaf
material in the upper portion of the photograph, and two bins for the flower material {(which
nugrates downhill, in this example) in the lower portion of the photograph.
3114} FIG. 13D 15 a photograph showing a large, single-speaker separator system,
according to an embodiment (with collection bins on either side of the plate. FIG. 13E s a
photograph showing a laree separator system with an array of multiple speakers, according
1o an embodiment {collection bins not shown).
[6115] FIGS. 13F and 130 are photographs showing multi-separator system, in a series
configuration {13F} and a T-shaped configuration {13G), according to some embodiments.
G116] FIGS. 14A and 14B are photographs showing an example starting matenal,
comprising cannabis trimmings, according to an embodiment. FIGS. 15A and 15B are
photographs showing an example first post-separation {(i.¢., post-processing by a separator
of the present disclosure} component, comprising flower matenal, according to an
cmbodiment. FIGS. 16A and 16B are photographs showing an example sccond post-
separation component, comprising leaf matenial, according to an embodiment. FIGS. 17A-
17C are photographs showing an example third post-separation component, comprising
keef material, according to an embodiment. In some embodiments, a result of a separation
process performed on starting material such as 18 shown in FIGS. 14A and 148, s that each
of the first, second, and third post-separation components (such as those shown in FIGS
3a-B, 16A-Band 17A-B, respectively) are posttioned in associated bins disposed adjacent

to (or attached to or integral with) the separator.
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4117} In some embodiments, material constituents having distributions in density can
be aligned and organized {(e.g., using the proper frequency to drive climbing, and/or low
signal volume/amplitude, for example resulting m reduced throw distance and/or reduced
intensity of physical agitation) due to the tendency of lighter constituents 1o move m a
direction that is ephill under the proper conditions (and, optionally, 18 in the direction of
overall obiect motion), while the heavier constrtuents tend to fall/follow or continue to point
in an oppostte direction downhill. This bchavior can have a low error rate if the materials
are fed onto the separator gently/slowly and/or are aiready onented in the desired direction.
(3118} In some embodiments, a separator plate mcludes temporary walls {or “gates™)
disposed, for example, at top and bottom ends/edges of the plate (which may be rectangular
and/or vibrating). In some such embodiments, the plate already includes gencral side walls,
and the temporary walls/gates are in addition to those. The temporary walls/gates can be
added/closed or removed/opened when desired, such that material collects at the bottom
and top of the plate during operation, and s selectively released when desired. This can
facilitate easier calibration of the separator while minimizing material logs over the sides of
the plate. This can improve the vields of the separator, by ensuring better separation before
allowing the material to pass on/off the plate.

3113} In some embodiments, static charges and triboclectric materials are used to
preferentially captare smaller particles or powders distinct form the bulk ouxture of
macroscopic constituents of the material. In other words, static charges 1o the environment
may be cxplotted and directed, for example via biased surfaces/pathways between desired
regions of the plate, to collect and/or repel powders/dust/small particles. In other words,
differences in matenal properties between components of the system can be explotted, so
as to creatc a driving force for charge carrier transport {¢.g., with directionality and an
amount of force) and/or collection. By designing regions such that thev accunwlate a
particular type and/or amount of charge, powdered matenials can also be captured, directed
and/or biased, depending on their charge.

{6120 In some embodiments, one or more separator components can inchide ong or
more inboelectric matenals or static-generating materials that, when rubbed, transfer
electric charge. In some instances, charge transfer increases with increased contact pressure
and/or friction. Operation {¢.g., vibration} of the separator can cause rubbing/friction of the
static~generating material, such that significant amounts of static charge can be rapidly

generated/built up from the environment. Using proper grounding and electrical
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connections, such static charge/voltage can be transporied and used, for example, to charge
a capacitor or a battery. In other words, static clectricity can be generated while the
separator 18 in operation {©.g., as a conveyor or separator), and the gencrated clectricity can
offset some or all of the energy demands of the separator. Altematively or in addition, an
alternative power source, such as solar pancls or wind turbines, could be utilized operate
the separator as a static electricity generator,

{3121} In some cmbodiments, a phased array of speakers can be used, as a substitute
for or n addition to the plate walls, and the speakers can be directed at each other {e.g.,
orthogonally with respect to associated edges of the plate, which may be opposite to one
another) so as to create standing waves in the air between them, or to create regions of
relatively high pressure and relatively low pressure, for example to hold/levitate ightweight
materials that are suspended in air {e.g., small polystyrene balls}. This levitation method for
small hghtweight particles can be exploited, for example to separate channels of laminar
flow and more agitated flow into distinct channels on the plate. Such techniques can serve
to: {1} isolate materials statically, (2)confine materials such that they travel/move along
isolated channels on the plate, and/or (3) grab and hold/retain specific materials that bounce
from the plate, essentially removing them from the material moving along/closer to the
plate surface, which can be performed perniodically, tfor example to catch and drop certain
materials as desired when they pass by the affected zone defined by the opposing speakers
used to generate the soundwaves.

[3122] In some embodiments, a separator plate is designed with a large surface arca,
and a control/patterming of regional agitation/deflection/pressure 1s performed to create
gradients or to imnduce the assembly of patterned material regions, for sohution-based
composite solutions cast onto the vibrating plate. During operation, a desired diffusion and
assembly of constituent materials can be achieved at predetermined operating parameters,
for example to produce patterned polymeric composite films as the solutions setile and dry.
16123] Although a variety of different materials for the separator components have been
described herein, the present disclosure is not limited by such materials. Separator
components can mclude one or more of wood, plastic, rubber, foam, metals and alloys, and
any other suitable matenals.

[36124] All combinations of the foregoing concepts and additional concepts discussed
herewithin (provided such concepts arc not mutually inconsistent) are contemplated as

being part of the subject matter disclosed herein. The temminology explicitly emploved
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herein that also may appear in any disclosure incorporated by reference should be accorded
a meaning most consistent with the particular concepts disclosed herein,

[6125) The skilled artisan will understand that the drawings primarily are for illustrative
purposes, and are not intended to limit the scope of the subject matter described herein. The
drawings are not necessarily to scale; in some instances, various aspects of the subject
matter disclosed herein may be shown exaggerated or enlarged in the drawings to facilitate
an understanding of different features. In the drawings, like reference characters generally
refer to like features {c.g., functionally similar and/or structurally similar elements).

126} To address various issues and advance the art, the entirety of this apphication
(including the Cover Page, Title, Headings, Background, Sunwnary, Brief Description of
the Drrawings, Detailed Description, Embodiments, Abstract, Figures, Appendices, and
otherwise) shows, by way of dustration, vartous embodiments in which the embodiments
may be practiced. The advantages and features of the application are of a representative
sample of crobodiments only, and are not exhaustive and/or exclusive. Rather, they are
presented to assist in understanding and teach the embodiments, and are not representative
of all embodiments. As such, certain aspects of the disclosure have not been discussed
herein. That alternate embodiments may not have been presented for a specific portion of
the mnovations or that further undescabed alternate embodiments may be avatlable for a
portion is not to be considered to exclude such alternate embodiments from the scope of the
disclosure. It will be appreciated that many of those undescribed embodiments incorporate
the same principles of the innovations and others are equivalent. Thus, it 1s 0 be understood
that other embodiments may be utilized and functional, logical, operational, organizational,
structaral and/or topological modifications may be made without departing from the scope
and/or spirit of the disclosure. As such, all examples and/or embodiments are deemed to be
non-limiting throughout this disclosure.

[6127} Also, no mference should be drawn regarding those embodiments discussed
herein relative to those not discussed herein other than it 1s as such for puarposes of redocing
space and repetition. For instance, it is to be understood that the logical and/or topological
structure of any combination of any program components {a component collection), other
components and/or any present feature sets as described m the figures and/or throughout
are not limited to a fixed operating order and/or arrangement, but rather, any disclosed order

1s exemplary and all equivalents, regardiess of order, arc contemplated by the disclosure.
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(3128} The term “automatically” is used herein to modify actions that occur without
direct input or prompting by an external source such as a user. Automatically occurring
actions can occur periodically, sporadically, in response to a detected event (c.g.. a user
logging in), or according to a predetermined schedule.

{0129} The term “determining” encompasses a wide varniety of actions and, therefore,
“determining” can inchude caleulating, computing, processing, deriving, investigating,
looking up (e.g.. looking up in a table, a databasc or another data structure), ascertaining
and the like. Also, “determiming” can include receiving {e.g., receiving mformation),
accessing (2.g., accessing data in a memory) and the like. Alsoe, “determining” can inclode
resolving, selecting, choosing, establishing and the hike.

[3138] The phrase “based on” does not mean “based only on,” unless expressly
specified otherwise. In other words, the phrase “based on” describes both “based only on”
and “based at least on.”

{3131} The term “processor” should be micrproted broadly to encompass a general
purpose processor, a central processing umit (CPL), a nucroprocessor, a digital signal
processor (BSP), a controller, a microcontrolier, a state machine and so forth. Under some
circumstances, a “processor” may refer to an application specific integrated circuit {ASIC),
a programumable logic device (PLD), a field programmable gate array (FPGA), cte. The
ferm “processor” may refer to a combination of processing devices, ¢.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more microprocessors
n conjunction with a DSP core or any other such configuration.

(3132} The term “memory” should be interpreted broadly to encompass any electronic
component capable of storing electronic information. The term memory may refer to
various tvpes of processor-readable media such as random access memory {RAM), read-
only memory (ROM), non-volatile random access memory (NVRAM), programmable
read-only memory {(PROM), crasable programmable rcad only memory (EPROM),
clectncally erasable PROM (EEPROM), flash memory, magnetic or optical data storage,
registers, tc. Memory is said to be in electronic communication with a processor if the
processor can read mformation from and/or write information to the memory. Memory that
1s integral to a processor is in electronic communication with the processor.

[36133] The terms “instructions” and “code” should be interpreted broadly to include
any tvpe of computer-readable statoment{(s). For cxample, the terms “instructions” and

“code” may refer to one or more programs, routines, sub-routines, functions, procedures,
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ete. “Instructions” and “code™ may comprise a single computer-readable statement or many
computer-readable statements,

(3134} Some embodiments described herein relate to a computer storage product with
a non-transitory computer-readable medium {also can be referred to as a non-transitory
processor-readable mediom) having mstractions or computer code thercon for performing
various computer-implemented operations. The computer-readable medium {or processor-
readable medium) is non-transitory in the scnse that it does not include transitory
propagating signals per se {¢.g., a propagating electromagnetic wave carrying information
on a transmission mediim such as space or a cable}. The media and computer code {also
can be referred to as code) may be those designed and constructed for the specific purpose
or purposes. Examples of non-transitory computer-readable media include, but are not
himited to, magnetic storage media such as hard disks, Hoppy disks, and magnetic tape;
optical storage media such as Compact Disc/Digital Video Discs (CI/BVDs}, Compact
Disc-Read Only Memories (CD-R0OMs), and holographic devices; magneto-optical storage
media such as optical disks; carrier wave signal processing modules; and hardware devices
that are specially configured to store and execute program code, such as Application-
Specific Integrated Circuits {ASICs), Programmable Logic Devices (PLDs), Read-Only
Memory (ROM) and Random-Access Memory (RAM) devices. Other embodiments
described herein relate to a computer program product, which can include, for example, the
instructions and/or computer code discussed herein.

[3135] Some embodiments and/or methods described herein can be performed by
software (executed on hardware}, hardware, or a combination thereof. Hardware modules
may mchide, for example, a general-purpose processor, a field programmable gate array
(FPGA), and/or an application specific integrated circuit {ASIC). Software modules
{cxecuted on hardware) can be expressed in a variety of software languages (¢.g., computer
code), mcluding €, C++, Java™, Ruby, Visual Basic™, and/or other object-oriented,
procedural, or other programming language and development tools. Examples of computer
code include, but are not limited to, micro-code or micro-instructions, machine instructions,
such as produced by a compiler, code used to produce a web service, and files containing
higher-level instructions that are executed by a computer using an interpreter. For example,
embodiments may be implemented using imperative programoung languages {eg., €.
Fortran, ctc), functional programmming languages (Haskell, Erlang, etc), logical

programming languages {(¢.g., Prolog), object-oriented programming languages (e.g., Java,
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C++, eic.) or other suitable programming languages and/or development tools. Additional
examples of computer code nclude, but are not limited to, control signals, encrypted code,
and compressed code.

16136] Various concepts may be embodied as one or more methods, of which at least
one example has been provided. The acts performed as part of the method may be ordered
in any suitable way. Accordingly, embodiments may be constructed in which acts are
performed 10 an order different than tllustrated, which may include performing some acts
simultaneously, even though shown as sequential acts w illustrative embodiments. Put
differently, it 1s to be anderstood that such features may not necessarily be hmited to a
particular order of execution, but rather, any number of threads, processes, services, servers,
and/or the like that mav execute senally, asynchronously, concurrently, m parallel,
simultaneously, synchronously, and/or the like in a manmer consistent with the disclosuore.
Ag such, some of these features may be mutually contradictory, 1o that they cannot be
simultancously present in a single embodiment. Sinularly, some features are applicable to
ong aspect of the innovations, and mapplicable to others.

13137] In addition, the discloswre may include other tnnovations not presently
described. Applicant reserves all rnights in such mnovations, inclading the nght to
embodiment such innovations, file additional applications, continuations, continuations-in-
part, divisionals, and/or the hike thercof. As such, 1t should be undersiood that advantages,
cmbodiments, examples, functional, features, logical, operational, organizational,
structural, topological, and/or other aspects of the disclosure are not to be considered
limitations on the disclosure as defined by the embodiments or limitations on equivalents
to the embodiments. Pepending on the particular desires and/or characteristics of an
mdividual and/or enterprise user, database configuration and/or relational model, data type,
data transmission and/or network framework, syntax structure, and/or the like, varous
embodiments of the technology disclosed herein may be implemented 1n a manner that
¢nables a great deal of flexability and customization as described herein.

[G138] All definitions, as defined and used herein, should be understood to control aver
dictionary definitions, definitions in documents incorporated by reference, and/or ordinary
meanings of the defined terms.

(3133} As wused herein, in particular embodiments, the terms “about” or
“approximately” when preceding a numencal value mdicates the value plus or munus a

range of 10%. Where a range of values is provided, it is understood that each intervening
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value, to the tenth of the unit of the lower limit uniess the context clearly dictates otherwise,
between the upper and lower bt of that range and any other stated or intervening value
in that stated range s encompassed within the disclosure. That the upper and lower lunits
of these smaller ranges can independently be included in the smaller ranges is also
encompassed within the disclosure, subject to any specifically excluded limit in the stated
range. Where the stated range includes one or both of the limits, ranges excluding either or

both of those icluded lumits are also micluded in the disclosure.

{31406} The indefinite articles “a” and “an,” as used herein in the spectfication and in
the embodiments, unless clearly indicated to the contrary, should be understood to mean
“at least one.”

{0141} The phrase “and/or,” as used herein in the specification and in the embodiments,
should be understood to mean “either or both™ of the elements so conjoined, 1.2, elements
that are conjunctively present in some cases and disjunctively present i other cases.
Multiple clements listed with “and/or” should be construed in the same fashion, 1.e., “one
or more” of the clements so conjoined. Other elements may optionally be present other
than the clements specifically identified by the “and/or” clause, whether related or vnrelated
to those clements specificallv identified. Thus, as a non-limiting example, a reference to
“A and/or B”, when used m conjunction with open-ended language such as “comprising”
can refer, in one embodiment, to A only {optionally mcluding clements other than B); in
another embodiment, to B only {optionally including clements other than A); in yet another
embodiment, to both A and B {(optionally including other elements); eic.

(3142} Ag used herein in the specification and in the embodiments, “or” should be
understood to have the same meaning as “and/or” as defined above. For example, when
separating ttems 1n a hist, “or” or “and/or” shall be miterpreted as being inclusive, i¢, the
mclusion of at least one, but also including more than one, of a number or list of ¢lements,
and, optionally, additional unlisted items. Only terms clearly indicated to the contrary, such
as “only one of” or “exactly one of,” or, when used in the embodiments, “consisting of,”
wi refer to the inclusion of exactly one element of a nuwmber or list of elements. In general,
the term “or” as used herein shall only be interpreted as indicating exclusive aliematives
{i.e. “one or the other but not both™} when preceded by terms of exclusivity, such ag
“either,” “one of,” “only one of,” or “exactly one of.” “Cousisting cssentially of,” when

used m the embodiments, shall have its ordinary meaning as used 1o the field of patent Jaw.
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(3143} As used herein m the specification and in the embodiments, the phrase “atf least
one,” m reference to a hist of one or more elements, should be understood to mean at least
one clement selected from any one or more of the elements in the list of clements, but not
necessanly mcluding at least one of cach and every element specifically listed within the
list of elements and not excluding any combinations of elements in the list of clements.
This definition also allows that ¢lements may optionally be present other than the clements
spectfically identified within the list of clements to which the phrase “at least one” refers,
whether related or unrelated to those clements specifically identified.  Thus, as a non-
limiting example, “at least one of A and B (or, equivalently, “at least one of A or B,” or,
cquivalently “at least one of A and/or B} can refer, m one embodiment, to at lcast one,
optionally imcluding more than one, A, with no B present (and optionally including
clements other than B); in another embodiment, to at least one, optionally including more
than one, B, with no A present {and optionally including elemenis other than A); in vet
another embodiment, to at least one, optionally including more than one, A, and at least
ong, optionally including more than one, B {and optionally including other elements); eic.
(3144} In the embodiments, as well as in the specification above, all transitional phrages

>

such as “comprising,” “including,” “carrving,” “having,” “comtaining,” “involving,”
“holding,” “composed of,” and the like are to be understood to be open-ended. i.¢., to mean
mchuding but not himited to. Only the transitional phrases “consisting of” and “consisting
cssentially of " shall be closed or semi-closed transitional phrases, respectively, as set forth
in the United States Patent Office Manual of Patent Exanuning Procedures, Section
2111.03.

[(3145] While specific embodiments of the present disclosure have been outlined above,
many alternatives, modifications, and variations will bg apparent to those skilled 1n the art.
Accordingly, the emboduments set forth herein are intended to be illustrative, not imiting.

¥artous changes may be made without departing from the spirit and scope of the disclosure.
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CLAIMS

1. A method, comprising:

providing a cellulosic material on a first surface of a plate; and

energizing a transducer that 1s mechanically coupled to a second surface of the
plate, the second surface opposite the first surface, the energizing sufficient to cause
movement of the plate such that a first portion of the cellulosic material preferentially
migrates across the surface of the plate in a direction of a first edge of the plate, and a
second portion of the cellulosic material preferentially migrates across the surface of the

plate in a direction of a second edge of the plate opposite the first edge of the plate.

2. The method of claim 1, wherein the movement of the plate includes a

substantially unidirectional oscillation.

3. The method of claim |, wherein the transducer 15 a linear actuator.
4. The method of claim |, wherein the energizing the transducer includes applying

an electronic signal to the transducer, the electronic signal baving a waveform that is one
of substantially sinusoidal, substantially square, substantially sawtooth, or substantially

triangular.

5. The method of claim 1, wherein the second surface of the plate is not orthogonal

to an axis of the transducer.

6. The method of claim 1, wherein the movement of the plate has at least one of; (1)
a frequency that ranges from 0 Hz to about 100Hz, and (2) a range of travel of from O

inches to about 6 inches.
7. The method of ¢laim 1, wherein:

the first edge of the plate has a first height;

the first portion of the cellulosic material has a first average size;
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the second edge of the plate has a second height greater than the first height; and
the second portion of the cellulosic material has a second average size less than

the first average size.

&. The method of ¢laim 1, wherein:
the first edge of the plate has a first height;
the first portion of the cellulosic material has a first average weight;
the second edge of the plate has a second height greater than the first height; and
the second portion of the cellulosic material has a second average weight less than

the first average weight.

9. The method of claim 1, wherein the plate includes a sidewall disposed at least

partway along a perimeter of the plate.

10. The method of claim 1, wherein the providing the cellulosic material on the first
surface of the plate includes conveying the cellulosic material, via an external conveyor,

toward the first surface of the plate.

1t An apparatus, comprising;

a transducer configured to transduce an electrical input, during operation, mnto a
mechanical oscilation output; and

a substrate mechanically coupled to the transducer, such that during operation the
substrate mechanically oscillates m response to the mechanical oscillation output of the
transducer,

the substrate having a pitch with respect to a long axis of the transducer, and

the mechanical oscillation of the substrate having a frequency and an amplitude

that are based on the electrical input.

12, The apparatus of claim 11, wherein the electrical input has a3 waveform that is one
of substantially sinusoidal, sebstantially square, substantially sawtooth, or substantially

triangular.
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3. The apparatus of claim 11, wherein the mechanical oscillation of the substrate,
during operation, causes:

segregation of a first portion of a material disposed on the substrate from a second
portion of the material;

movement of the first portion of the material in a first direction along a surface of
the substrate; and

movement of the second portion of the material in a second direction along a

surface of the substrate, the second direction being different from the first direction.

14. The apparatus of claim 13, wherein the first direction is substantially opposite the

second direction.

15 The apparatus of claim 11, wherein the substrate includes at least stiffened region
configured to bias, during operation, a movement of a material disposed on the substrate

along a surface of the subsirate.

16. The apparatus of claim 11, wherein the transducer is a speaker.

17. The apparatus of claim 11, wherein the transducer 1s an array of speakers.

18 The apparatus of claim 11, wherein the transducer 1s a linear actuator.

19, The apparatus of claim 11, wherein the transducer 1s an array of linear actuators.
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