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METHOD AND APPARATUS FOR CONTROLLING THE FLOW OF PRODUCT
OVER A PRODUCT ATTRITION BED

BACKGROUND OF THE INVENTION

Technical Field

[0001] The present invention relates to the use of augers for controlling the flow of
a product over a product attrition device, for example, the flow of potatoes over a potato
peeler.

Background

[0002] Food attrition devices typically comprise an open chamber where product
freely tumbles from entrance to exit making contact with various forms of abrasive to remove
the product’s skin. Contact time, movement of product, and bed height are critical in the
process. Examples of food attrition devices and various components thereof are illustrated
and described in U.S. Pat. No. 4,519,305, U.S. Pat. No. 5,858,429, U.S. Pat. No. 7,197,978,
and U.S. Pub. No. 2006/0005715, which are hereby incorporated by reference as illustrative
examples.

[0003] Because the product can tumble freely in the product attrition device after
exiting the auger or before entering the auger, the residence time of any individual unit of
product can vary greatly from an average residence time for the product in the food attrition
device. As aresult, the amount of skin removed from each unit of product can vary, which
can be undesirable in terms of reduced efficiency, reduced product capacity, and variable
product quality.

[0004] Compounding this problem is the fact that existing product attrition devices
supply product to a product attrition apparatus at a variable feed rate. For example, even if an
existing product attrition device were to use an auger, the feed rate to the auger is variable,

which results in fluctuations in volume of product per auger flight.
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[0005] Previous devices have claimed to use augers to control only a feed rate of
product at an entrance of a food attrition device (e.g., U.S. Pub. No. 2006/0005715) or only a
discharge rate of a product from the food attrition device (e.g., U.S. Pat. No. 4,519,305).
Other devices (e.g., U.S. 5,858,429 and U.S. 7,197,978) have claimed to use an auger to
control a feed rate to the food attrition device, but have not provided an auger extending
substantially an entire length of a product attrition bed and have not provided a desirable
degree of control over the residence time of the product. Nor do these devices provide for
feeding a specific volume of product to each pitch length of an auger positioned over a
product attrition bed.

[0006] For these and other reasons, the utilization of augers as currently practiced in
the industry can be improved upon. Accordingly, it would be desirable if a product attrition
apparatus provided a controlled residence time without substantially inhibiting product
tumbling and could maintain a desired bed height from entrance to exit of the product
attrition device with a high degree of predictability and repeatability (e.g., low standard
deviation in residence time and/or bed height for each pitch length of an auger).

[0007] For example, it would be desirable if an auger extended the entire length of
an abrasive so it could control residence time of particles over the abrasive.

[0008] Tt would be desirable if a first auger section had a larger pitch to avoid
inhibiting product motion, but a second auger section comprised a flow restriction device to
maintain a higher bed height of the product along a greater length of the auger, and thereby
maintain a higher bed height along a greater length of an abrasive for removing skin from a
product.

[0009]  For example, it would be desirable if the auger comprised a first auger
section with a larger pitch to avoid restricting product tumbling and a second auger section

with a smaller pitch for maintaining the bed height of the product over the abrasive.
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[0010] Tt would also be desirable if the auger comprised a first auger section with a
larger pitch to avoid restricting product tumbling and a second auger section with multiple
auger flights for maintaining the bed height of the product over the abrasive.

[0011] As another example, it would be desirable if the auger comprised a first
auger section with a larger pitch to avoid restricting product tumbling and a second auger
section with a rotary gate to maintain the bed height of the product over the abrasive.

[0012] Furthermore, it would be desirable if a product attrition apparatus were
provided with a controlled volumetric feed rate. For example, it would be desirable to limit
variations in the volumetric feed rate to the auger and thereby limit fluctuations in volume of

product per auger flight.
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SUMMARY OF THE INVENTION

[0013] In one aspect, the present invention provides a product attrition apparatus
with improved flow control for a product comprising a plurality of product units. The
product attrition apparatus comprises a product attrition bed and an auger positioned above
the product attrition bed. The product attrition bed abrades the product while the auger
conveys the product in a flow direction. The auger comprises a rotational axis of the auger
oriented parallel to the flow direction, an auger flight coiled around the rotational axis, a first
auger section, and a second auger section downstream of the first auger section. The auger is
configured in relation to the product attrition bed to form a charge space for substantially
confining a product charge of the product. As the auger rotates on the rotational axis, the
charge space moves in the flow direction, thereby moving the product charge in the flow
direction. Additionally, the first auger section comprises a minimum pitch of about 4 times
an average equivalent spherical diameter of the product, and the second auger section
comprises a flow restriction mechanism to restrict a discharge flow of the product from the
auger.

[0014] In a second aspect, the present invention provides a method for using an
auger to control a flow of a product over a product attrition bed. The product comprises a
plurality of product units, and the auger conveys the product above the product attrition bed
in a flow direction while the product attrition bed abrades the product. The method
comprises the steps: feeding the product to the auger to provide a product charge;
substantially confining the product charge in a charge space; rotating the auger to move the
charge space, and thereby the product charge, in the flow direction; and discharging the
product charge from the auger through a flow restriction mechanism to provide a discharge
flow of the product. Furthermore, a first end of the charge space and a second end of the

charge space are bounded by the auger; a bottom of the charge space is bounded by the
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product attrition bed; the first auger section of the auger is upstream of a second auger section
of the auger; and the second auger section comprises the flow restriction mechanism to
restrict the discharge flow of the product.

[0015] In a third aspect, the present invention provides an apparatus for providing
one control volume of a product to an auger per revolution of the auger. The auger extends
the length of a product attrition bed for abrading the product as it is conveyed by the auger in
a charge space. The charge space is bounded by the auger and the product attrition bed.

[0016] In a fourth aspect, the present invention provides a method for controlling a
volumetric feed rate of product to an auger positioned over a product attrition bed, said
method comprising the steps: feeding one control volume of product to an auger per
revolution of the auger; rotating the auger to convey the product in a charge space bounded
by the auger and the product attrition bed; abrading the product by contact with the product
attrition bed; and discharging the control volume from the auger. The auger extends the
length of a product attrition bed.

[0017] The invention described herein provides for several advantages in its various
embodiments. In one aspect, the invention provides a controlled residence time without
substantially inhibiting product tumbling and maintains a desired bed height from entrance to
exit of the product attrition device with a high degree of predictability and repeatability (e.g.,
low standard deviation in residence time and/or bed height for each pitch length of an auger).

[0018] In another aspect, the invention provides for an auger that extends the entire
length of an abrasive to the control residence time of particles over the abrasive.

[0019] Additionally, the invention provides for a first auger section comprising a
larger pitch to avoid inhibiting product motion, and a second auger section comprising a flow

restriction device to maintain a higher bed height of the product along a greater length of the
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auger. Accordingly, the invention provides for maintaining a higher bed height along a
greater length of an abrasive for removing skin from the product.

[0020]  For example, the invention provides for an auger comprising a first auger
section with a larger pitch to avoid restricting product tumbling and a second auger section
with a smaller pitch for maintaining the bed height of the product over the abrasive.

[0021] As another example, the invention provides for an auger comprising a first
auger section with a larger pitch to avoid restricting product tumbling and a second auger
section with multiple auger flights for maintaining the bed height of the product over the
abrasive.

[0022] Additionally, the invention provides for an auger comprising a first auger
section with a larger pitch to avoid restricting product tumbling and a second auger section
with a rotary gate to maintain the bed height of the product over the abrasive.

[0023] In another aspect, the invention provides a product attrition apparatus with a
controlled volumetric feed rate. For example, in one aspect, the invention limits variations in
the volumetric feed rate to the auger and thereby limits fluctuations in volume of product per

auger flight.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The novel features believed characteristic of the invention are set forth in the
appended claims. The invention itself, however, as well as a preferred mode of use, further
objectives and advantages thereof, will be best understood by reference to the following
detailed description of illustrative embodiments when read in conjunction with the
accompanying drawings, wherein:

[0025] Figure 1 is a schematic view of one embodiment of a product attrition
apparatus with a modified feed chute for controlling the volumetric feed rate of product.

[0026] Figure 2 is schematic view of one embodiment of an auger with a second
auger section comprising a plurality of auger flights.

[0027] Figure 3 is a schematic view of one embodiment of an auger with a second
auger section comprising a reduced pitch relative to a first auger section.

[0028] Figure 4 is a schematic view of one embodiment of an auger with a second
auger section comprising a rotary gate.

[0029] Figure 5A is a plot showing an example of how the total number of product
units in a product attrition bed varies with time when the product is conveyed with a single
flight, single pitch auger.

[0030] Figure 5 is a schematic view illustrating one embodiment of a product
attrition apparatus comprising a single flight, single pitch auger and illustrating how the
average residence time of product units in a product charge varies along the length of the
auger.

[0031] Figure 6A is a plot showing an example of how the total number of product
units in a product attrition bed varies with time when the product is conveyed with an auger

comprising a second auger section with a double flight.
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[0032] Figure 6 is a schematic view illustrating one embodiment of a product
attrition apparatus with an auger comprising a double flight and illustrating how the average
residence time of product units in a product charge varies along the length of the auger.

[0033] Figure 7 is a schematic view illustrating one embodiment of a control
volume of product.

[0034] Figure 8 is a schematic view illustrating one embodiment of an auger with a
truncated drive shaft.

[0035] Figure 9 is a schematic view illustrating a coordinate system superimposed
over one embodiment of a product attrition apparatus and illustrating how two auger flights
can be out of phase.

[0036] Figure 10A is a flow chart illustrating steps for one embodiment of a
method for controlling the flow of product in a product attrition bed.

[0037] Figure 10B is a flow chart illustrating steps for one embodiment of a

method for controlling the feed of product to an auger.
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DETAILED DESCRIPTION OF THE INVENTION

[0038] In developing the invention disclosed herein, the inventors realized that it is
useful to design an auger 104 based on the size of product 502 conveyed. For example, using
an auger 104 with a smaller pitch 302 (e.g., less than about 4 times the average equivalent
spherical diameter 514) advantageously produces a lower standard deviation in residence
time relative to a larger pitch 202 (e.g., greater than about 4 times the average equivalent
spherical diameter 514). However, a smaller pitch 302 can be problematic because it restricts
product movement due to contact with the auger surface which can prevent exposure of all
product surfaces to an abrasive 154.

[0039]  Accordingly, the inventors worked to develop an auger 104 with a single
larger pitch size (e.g., 750 mm pitch) to provide substantially free product mixing and
tumbling. The auger 104 was used in a product attrition apparatus with a stationary S shaped
exit gate and was positioned about 1/4 inch above an abrasive 154. The auger 104 did not
extend the full length of an abrasive 154; however, the auger stretched over a substantial
portion of the abrasive to help prevent back-mixing, control the residence time of the product
over the abrasive, and provide a more uniform degree of product attrition (e.g., peeling). The
first end 208 of the auger was a distance (e.g. about a foot) from an entrance to the product
attrition bed 102. Likewise, the second end 210 of the auger was a distance from the exit of
the product attrition bed.

[0040] Using a larger pitch auger helped address the problem of restricted product
movement because the larger pitch resulted in less restricted motion. However, because the
auger 104 had a single larger pitch, when the last auger pitch opened to discharge product, the
bed height 516b dropped over a relatively larger distance from the exit of the auger (e.g., the

distance across a terminal portion 536 of the auger).
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[0041] This can be undesirable because the loss in bed height reduces the normal
force between the product and the abrasive 154. The reduction in normal force, in turn,
results in a loss of potential peeling capacity for a length of the abrasive 154 (e.g., the length
under the lower bed height 516b).

[0042] The inventors also realized other problems. For example, since the auger
flight 106 did not extend the entire length of the abrasive 154, free mixing (e.g., loss of
control over residence time for product) occurred over the abrasive 154 before the first end
402 of the auger flight 106 and after the second end 404 of the auger flight.

[0043] In order to address the problem of free mixing, the inventors designed (e.g.,
using a computer and a discrete elements method to model the product flow) a larger pitch
auger 104 with an auger flight 106 that extended the full length of a product attrition bed 102.
For example, the auger flight 106 extended an entire length of an abrasive 154 on the surface
of product attrition bed. This advantageously provided plug flow of the product 502 within a
flight 106 of the auger 104. For example, the product 502 formed a plurality of product
charges 512 and each product charge was substantially confined in a charge space 510
formed between two portions of the auger 104 and the abrasive 154. As a result, the auger
104 reduced back-mixing of product from a downstream portion of the product attrition bed
102 to an upstream portion of the product attrition bed. The auger 104 also provided a more
controlled residence time of each unit 502 of product in a product charge 512, and a more
uniform attrition (e.g., peeling) of product within each product charge. The auger 104 also
enabled operators to decrease residence time, or increase the speed at which product 502
travels across the product attrition bed 102.

[0044] Nonetheless, the larger pitch, full-length auger still presented several

potential problems. For example, stagnation resulted at a pinch point between the second end
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404 of the auger flight 106 and the stationary exit gate of the product attrition bed 102.
Additionally, some back-mixing occurred at the exit gate of the product attrition bed.

[0045] The inventors addressed these issues by removing the stationary exit gate
from the product attrition bed 102 (e.g., using the computer model). This removed the pinch
point between the stationary exit gate and the auger 104. Removing the stationary exit gate
also reduced back-mixing.

[0046] However, the inventors realized that removing the gate without providing
the auger 104 with a flow restriction mechanism would result in a loss of bed height 516
within the final pitch length before the exit end of the auger. As a result, the peeling capacity
of the abrasive 154 would be reduced along the final pitch length of the auger.

[0047] In order to mitigate the pinch point problem associated with the stationary
gate, while still maintaining bed height at the end of the auger, the inventors decided to add a
flow restriction mechanism to the second end 210 of the auger itself (e.g., using the computer
model).

[0048] One example of a flow restriction mechanism is a rotary gate 406 fixed to
the second end 404 of a larger pitch, full length auger flight 106. In one embodiment, the
rotary gate 406 is fixed to the second end 404 of the auger flight and located in a plane that is
perpendicular to the rotational axis 506 of the auger 104. The rotary gate 406 extends in the
same direction as the auger flight 106, and the gate has substantially the same radius 138 as
the auger flight.

[0049] The rotary gate 406 blocks the discharge flow 155 of product from a blocked
area at the exit of the auger. The blocked area is defined by the sweep of the radius of the
rotary gate, which sweeps from the second end 404 of the auger flight for a selected angle
(e.g., greater than O degrees, greater than 0 degrees but a maximum of 270 degrees, or from

about 90 to about 180 degrees, inclusive).
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[0050] Using an auger 104 with a rotary gate 406 results in less stagnation at the
second end 210 of the auger and reduces back-mixing. However, the inventors realized that
additional improvements were possible.

[0051] Accordingly, the inventors developed a larger pitch, full-length auger, with
another type of flow restriction mechanism (e.g., using the computer model). Namely, the
inventors developed an auger 104 that comprises a first auger section 108 (e.g., upstream
auger section) and a second auger section 110 (e.g., downstream auger section) with a smaller
pitch 302 than the first auger section 108. As a result of using a smaller pitch 302 in the
second auger section 110, the bed height 516¢ over a first portion 110a (e.g., upstream
portion) of the second auger section 110 is increased relative to what it would have been if
the second auger section 110 did not have a smaller pitch.

[0052] However, the inventors again realized that additional improvements were
possible. For example, if the smaller pitch is 1/2 the larger pitch in the first auger section
108, the linear velocity of the product over the product attrition bed 102 is cut in half. This is
because product 502 only travels 1 pitch per revolution (or turn) of the auger 104 so the linear
velocity of the product in the auger is the pitch divided by the time required for one
revolution of the auger. Thus, the linear velocity of product 502 passing through the second
auger section 110 becomes a limiting factor (e.g., bottleneck) for the overall linear velocity of
the product conveyed by the auger.

[0053] Accordingly, the inventors developed a different type of flow restriction
mechanism for the second auger section 110 (e.g., using the computer model). Namely, the
inventors developed a second auger section 110 with a plurality of auger flights 206 (e.g., a
double flight).

[0054] In one embodiment, the second auger flight 204 of the double flight 206

extends for a fraction of a revolution, (e.g., 1/2 revolution or 180 degrees) from second end
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404 of a first auger flight 106. Additionally, the second auger flight 204 has the same shape
as the first flight, but is out of phase with the first flight by a phase shift angle 924 (e.g., 180
degrees).

[0055] One benefit of using a plurality of flights 206 is that linear velocity of the
product in the second auger section 110 is the same as the linear velocity of the product in the
first auger section 108. Accordingly, using a plurality of flights 206 does not result in a
bottle neck in the second auger section 110.

[0056] Nonetheless, the inventors realized that further improvements were possible.
For example, the inventors realized that the volumetric feed rate to an auger can vary (e.g.,
+/- 15%). Because the bed height in a charge space 510 of the auger is dependent upon the
volume of product fed into the charge space, variations in the volumetric feed rate cause
variations in bed height from one charge space to another. This, in turn, causes less
predictable results (e.g., the standard deviation of the residence time of a product unit 502 can
be greater than desired).

[0057] In order to address this issue, the inventors determined that it would be
desirable to provide the auger 104 with one fixed volume of variable sized product units 502
per revolution of the auger. Accordingly, the inventors developed (e.g., using the computer
model) a method and apparatus for controlling the volumetric feed rate to an auger.

[0058] For example, in one embodiment, a container 116, such as a hopper, can be
added to a product attrition apparatus and used to intermittently empty product 502 into the
product attrition bed 102. This advantageously provides each charge space 510 along the
auger 104 with approximately the same volume of product, the same product bed height, and
the same pressure between the product and the abrasive 154.

[0059] However, the inventors realized that retrofitting a product attrition apparatus

to include a feed hopper would be expensive. Accordingly, the inventors developed a less
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costly method for retrofitting a product attrition apparatus. Namely, the inventors added a
primary gate 120 (e.g., slide gate) to a downstream portion of a feed chute 118 for an auger
104 and a secondary gate 124 (e.g., slide gate) to an upstream portion of the feed chute. This
creates a volume bounded on its bottom and sides by the feed chute, primary gate, and
secondary gate. A sensor 128 (e.g., level sensor) is used to measure the volume of product.

[0060] While product 502 is accumulating between the primary gate 120 and the
secondary gate 124, the primary gate is closed but the secondary gate is open. Then, when a
desired volume 112 of product has accumulated, the secondary gate closes and the primary
gate opens to discharge the product to the auger 104,

[0061] Advantageously, when using some embodiments of the invention described
herein, an operator of a product attrition bed 102 can independently control several important
parameters that determine the degree of attrition (e.g., peeling) experienced by a product 502.
First, an operator can control the angular velocity 926 (e.g., revolutions per minute) of auger
104, which, in turn, enables an operator to control residence time for each product charge
512. Second, an operator can control the volumetric feed rate 122 to the auger (e.g., volume
of product fed to the auger per revolution), which, in turn, controls the bed height of product
in each charge of the auger. Third, an operator can control the speed an abrasive 154 (e.g.,
the speed of roller brushes used to abrade the product).

[0062] An embodiment of the invention will now be described with reference to
Figure 10A. Figure 10A is a flow chart depicting a method for using an auger 104 to control
a flow of a product 502 in a product attrition bed 102. The auger conveys the product 502
above the product attrition bed 102 in a flow direction 504 while the product attrition bed 102
abrades (e.g. severs and/or removes) the product 502. The method comprises several steps.

[0063] First, in a feeding step 1002, product 502 is fed to the auger 104 to provide a

product charge 512.
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[0064] Second, in a confining step 1004, the product 502 is completely or
substantially confined in a charge space 510. As illustrated, for example, in Figure 1, a first
end 520 of the charge space 510 and a second end 522 of the charge space 510 are bounded
by the auger 104, and a bottom 528 of the charge space 510 is bounded by the product
attrition bed 102.

[0065] Third, in an abrading step 1006, the product charge 512 is abraded by an
abrasive 154 (e.g., bristles or blades).

[0066] Fourth, in a rotating step 1008, the auger 104 is rotated to move the charge
space 510, and thereby the product charge 512, in the flow direction 504,

[0067] Fifth, in a discharging step 1010, the product charge 512 is discharged from
the auger 104 through a flow restriction mechanism (e.g., reduced pitch 302, a plurality of
auger flights 206, or a rotary gate 406) to provide a discharge flow 155 of the product 502.

[0068] In some embodiments, the product 502 comprises a plurality of product units
502a,b (e.g., potatoes, vegetables, etc.), and the product attrition bed 102 abrades at least an
outer surface (e.g., skin and/or peeling) of one of the product units 502a,b.

[0069] With reference to Figure 10A, the abrading step 2006 can be performed
using a variety of methods and types of product attrition beds 102. For example, the abrading
step 2006 can be accomplished by scrubbing, sanding, peeling, cutting or otherwise removing
at least a portion of an outer surface of a product 502. In one embodiment, for example, as
illustrated in Figure 1, the product attrition bed 102 comprises a frame 150 on which a
plurality of parallel rollers 152 are rotatably mounted in parallel relation to define a
longitudinally extending, upwardly opening trough. As another example, the product attrition
bed 102 can comprise a frame 150 on which a plurality of blades or some other abrasive 154

1S mounted.
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[0070] Similarly, the feeding step 1002, can be accomplished in a variety of ways.
For example, in some embodiments, one control volume 112 of the product 502 is fed to the
auger 104 per revolution of the auger to provide a product charge 512. In one embodiment,
the control volume 112 varies by a maximum of +/- about 5% to 20% from a specified
volume. In one embodiment, the volumetric feed rate of product to the auger has a standard
deviation of approximately 20%.

[0071] One example of a feeding step 1002, is illustrated in the flow chart of Figure
10B. First, in a conveying step 1020 as illustrated in Figures 1 and 7, a product 502 is
conveyed into a chute 118 while a primary gate 120 of the chute 118 (e.g., downstream gate)
is closed and while a secondary gate 124 of the chute 118 (e.g., upstream gate) is open.
Second, in a measuring step 1022, for example, as shown in Figure 7, a volume 702 of the
product accumulated upstream of the primary gate 120 and downstream of the secondary gate
124 is measured. For example, in one embodiment, the volume 702 of the product is
measured by using a level sensor 128 to measure a level 130 of the product and the level is
converted to the volume 702 of the product. Third, in a closing step 1024, after a control
volume 112 or a fraction (e.g., 1/20, 1/10, 1/5, 1/4, 1/3, 1/2) of a control volume 112 of the
product has accumulated upstream of the primary gate 120 and downstream of the secondary
gate 124, the secondary gate 124 is closed. For example, this prevents the product 502 from
flowing past the secondary gate 124 after the control volume 112 or fraction of a control
volume 112 has accumulated. Fourth, in an opening step 1026, the primary gate 120 is
opened to discharge the control volume 112 or fraction of a control volume 112 to the auger
to provide the product charge 512. Fifth, in a repositioning step 1028, after discharging the
control volume 112 or fraction of a control volume 112 to the auger, the primary gate 120 is
closed, and then the secondary gate 124 is opened. In some embodiments, the fraction of the

control volume provides a specific volume and dividing the control volume by the specific
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volume results in an integer, for example, so the control volume is evenly divisible by the
specific volume. In some embodiments, a container is sized to hold the specific volume. In
some embodiments, the container or a plurality of the containers provide a control volume to
the auger.

[0072] Although the invention has been described with reference to a gate, in some
embodiments, a flow control mechanism can be used in place of the gate. For example, the
secondary gate can be a secondary control mechanism, which can, in turn be any device or
structure to regulate (e.g., completely obstruct) the flow of product downstream of the
secondary control mechanism and upstream of the primary gate. Examples of secondary
control mechanisms include a sliding gate, or a conveyor (e.g., endless conveyor) for the
product that can be started and stopped. Accordingly, as used in this context, a secondary
control mechanism is open when it enables or causes product to flow past the secondary
control mechanism to a position (e.g., along a chute) that is downstream of the secondary
control mechanism and upstream of the primary gate. Similarly, as used in this context, a
secondary control mechanism is closed when it prevents or stops causing product to flow past
the secondary control mechanism to a position (e.g., along a chute) that is downstream of the
secondary control mechanism and upstream of the primary gate.

[0073] As desired, the steps of Figure 10B, or some portion thereof, can be
repeated, for example, to provide a single control volume 112 (e.g., product charge 512) to
the auger 104 per revolution of the auger. Additionally, the components described with
reference to Figure 10B can be used to retrofit an existing feed chute 118 of a product
attrition apparatus 100. For example, after adding a primary gate 120 and a secondary gate
124 to an existing chute 118 to provide a control volume 112 or a fraction of a control
volume 112, and after adding a sensor (e.g., level sensor 128) to the chute 118 to measure the

control volume 112, the method of Figure 10B can be used to control the volumetric feed rate
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of a feed 122 of product to a product attrition apparatus 100 (e.g., to an auger 104 of the
product attrition apparatus 100).

[0074] As another example of a feeding step 1002, a control volume 112 or a
fraction of a control volume 112 of the product 502 can be fed to the auger 104 from a
conveyor 114 comprising a plurality of containers 116. For example, in one embodiment, the
invention comprises a conveyor 114 for feeding a control volume 112 or a fraction of a
control volume 112 of product to the auger 104. The conveyor 114 comprises a plurality of
containers 116 (e.g., buckets) and each container 116 is sized to contain (e.g., has a volume
equal to) the control volume 112 or a fraction of a control volume 112. The conveyor 114
feeds the auger 104 one control volume 112 of product 502 from one or more containers 116
in the plurality of containers per revolution of the auger.

[0075] With reference again to Figure 10A, the confining step 1004 and the rotating
step 1008, can be used together to convey a product 502. For example, as illustrated in
Figures 1 and 5, after product 502 is fed to an auger 104, the product is conveyed in a charge
space 510 from a first portion of the product attrition bed 102 (e.g., first or upstream end 144
of the product attrition bed 102) to a second portion of the product attrition bed 102 (e.g.,
second or downstream end 146 of the product attrition bed 102). As illustrated in Figure 1, a
first end 520 of the charge space 510 (e.g., upstream or trailing end of the charge space) is
initially open to an entrance 132 of the auger 104 as the charge space 510 is charged with
product. Then, the first end 520 of the charge space 510 closes to confine the product as the
charge space 510 moves toward an exit 134 of the auger. Then, as the charge space 510
approaches (e.g. reaches) an exit 134 of the auger, the charge space 510 opens to provide a
path for the product charge 512 to flow to the second end 210 of the auger (e.g., exit 134 of

the auger).
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[0076] Asillustrated in Figures 1-4, as the charge space 510 approaches (e.g.,
reaches) an exit 134 of the auger, a second end 210 of the auger (e.g., downstream or leading
end of the auger) becomes a second end 522 of the charge space 510 (e.g., downstream or
leading end of the charge space 510). Accordingly, as the second end 210 of the auger
rotates and opens, the second end 522 of the charge space 510 rotates and opens, thereby
discharging the product from the charge space 510.

[0077] Turning again to Figure 10A, the discharging step 1010 can comprise
restricting the flow of the product charge 512 as it is discharged from an auger 104. For
example, as shown in illustrations of Figures 2-4, a flow restriction mechanism can be used to
restrict the flow of the product from the second end 210 of the auger. For example, the flow
restriction mechanism restriction mechanism can be used to decrease the length of the auger
from the second end that is open to the exit, for example, 50% by using a double flight, or a
smaller pitch that is ' the pitch of a larger pitch section, or by using a rotary gate that sweeps
180 from the second end of the auger flight.

[0078] In some embodiments, the flow restriction mechanism is selected from the
group consisting of a rotary gate 406, a downstream portion of the auger (e.g., the second
auger section 110) with smaller pitch 302 than an upstream portion of the auger (e.g. the first
auger section 108), and a plurality of auger flights 206.

[0079] Asillustrated in Figures 2-4, the flow restriction mechanism is provided in a
second auger section 110 that is downstream of a first auger section 108. As shown in
Figures 5 and 6, the charge space 510 has an upstream bed height 516a before a charge space
510 opens to an exit 134 of the auger (e.g., second end 210 of the auger). The second auger
section 110 provides a higher downstream bed height 516¢ for at least an upstream portion
(e.g., the first portion 110a shown in Figures 1 and 6) of the product charge 512 as the

product charge is discharged from the auger. As used in this context, the term higher
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downstream bed height 516¢ is used to denote that the higher downstream bed height 516¢ in
the upstream portion 110a of the product charge is higher than a lower downstream bed
height 516b (e.g., lower downstream bed height 516b for an auger 104 without a second
auger section 110) that would prevail in the upstream portion 110a of the product charge 512
if the second auger section 110 were to have the same configuration (e.g., same shape, same
pitch, same radius, same structure for providing flow restriction) as the first auger section
108.

[0080] In some embodiments, the flow restriction mechanism is positioned
downstream of a second end 146 (e.g., downstream end) of the product attrition bed 102 to
maintain a minimum bed height (e.g., bed height 516¢) for substantially an entire length 109
of the product attrition bed. For example, in some embodiments, a portion of an auger 104
comprising the flow restriction mechanism extends downstream of the second end 146 of a
product attrition bed 102. Furthermore, in some embodiments the length 216 of an auger
flight 106 is greater than the length 109 of a product attrition bed 102.

[0081] In some embodiments, the charge space 510 is divided (e.g., partially or
completely) in the second auger section 110 by an additional auger flight 204 to form an
upstream division (e.g., first portion 110a of the second auger section) and a downstream
division (e.g., second portion 110b of the second auger section), thereby limiting the amount
of the product charge 512 that loses bed height when the second end 522 (e.g., downstream
end or leading end) of the charge space 510 is opened. For example, as illustrated in Figure
1, the second end 522 of the charge space 510 opens to the exit 134 of the auger 104,
However, because the charge space 510 is divided by an additional auger flight 204, only a
portion of the product charge 512 can exit the auger when the second end 522 of the charge

space 510 is opened.
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[0082] In some embodiments, for example, as shown in Figure 3, a length of the
charge space 510 in the second auger section 110 (e.g., pitch 302 of the second auger section)
is reduced relative to the length of the charge space 510 in the first auger section 108 (e.g.,
pitch 202 of the first auger section). For example, this can be accomplished by reducing the
pitch 302 of the second auger section 110 relative to the first auger section 108. As a result
of reducing the length of the charge space 510, the charge space 510 begins to open when the
first end 520 of the charge space 510 is positioned closer to the exit 134 of the auger than the
first end 520 of the charge space would be positioned if the second auger section 110 had the
same configuration as the first auger section 108.

[0083] In some embodiments, a rotary gate 406 is provided in the second auger
section 110 to constrain the discharge of product 502 from the second auger section 110. For
example, the rotary gate 406 can be positioned at the second end 210 of the auger 104 (e.g.,
downstream or leading end of the auger). Furthermore, the rotary gate 406 can be positioned
at the second end 404 of the auger flight 106.

[0084] Asillustrated in Figure 8, in some embodiments, the rotation of the auger
104 is driven by applying a force to a drive shaft 518 of the auger. For example, the force
can be applied to a drive shaft 518 that extends a shaft length 212 from an end of the auger
208,210 wherein the shaft length 212 is substantially less than an entire length 218 of the
auger. In some embodiments, the radius of a drive shaft is minimized to avoid restricting the
tumbling motion of product in a charge space 510. In some embodiments, the rotation of the
auger 104 is driven by applying a force directly to an auger flight 106 of the auger.

[0085] One embodiment of the invention will now be described with reference to
Figures 1 and 5, which illustrate a product attrition apparatus 100 with improved flow control
for a product 502 comprising a plurality of product units 502a,b. The product attrition

apparatus 100 comprises a product attrition bed 102 and an auger 104, and the product
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attrition bed 102 abrades the product 502 while the auger conveys the product in a flow
direction 504,

[0086] The product attrition bed 102 comprises a first end 144 of the product
attrition bed 102, a second end 146 of the product attrition bed 102, a cavity 153 (e.g., trough
or cylindrically shaped chamber) that extends from the first end 144 of the product attrition
bed 102 to the second end 146 of the product attrition bed 102, and an abrasive 154 that is
positioned and oriented to face the auger and that substantially covers the entire surface of the
product attrition bed 102,

[0087] The auger comprises a rotational axis 506 of the auger oriented in the flow
direction 504, an auger flight 106 coiled around the rotational axis 506, a first auger section
108, and a second auger section 110 downstream of the first auger section 108.

[0088] Asillustrated in Figure 1, the cavity 153 of the product attrition bed 102 is
arcuate and has an axis of curvature that substantially coincides (e.g. is concentric with) the
rotational axis 506 of the auger 104. Additionally, a radius of curvature 136 of the product
attrition bed 102 is larger than a radius 138 of the auger flight 106, but the difference between
the radii 136, 138 is small enough to prevent product 502 from passing through a space 140
between the product attrition bed 102 and the auger flight 106.

[0089] As shown in Figure 1, the auger 104 is configured (e.g., shaped, sized,
structured, arranged, positioned, and/or oriented) in relation to the product attrition bed 102 to
form a charge space 510 for confining (e.g., completely, substantially, or at least partially
confining) a product charge 512 of the product 502. In some embodiments, the auger 104 is
positioned above a cavity 153 of the product attrition bed 102, and the auger is positioned to
avoid contacting the product attrition bed 102 while rotating (e.g., throughout an entire full
revolution). Additionally, as shown in Figure 1, the auger 104 is positioned at least partially

within the cavity 153 of the product attrition bed 102.
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[0090] In the examples shown in Figures 1 and 5, as the auger 104 rotates on the
rotational axis 506, the charge space 510 moves in the flow direction 504, thereby moving the
product charge 512 in the flow direction 504,

[0091] Asillustrated in Figure 1, a charge space 510 can be open on a first end 520
of the charge space 510 (e.g., upstream or trailing end) or a second end 522 of the charge
space 510 (e.g., downstream or leading end). When the charge space 510 is not open on one
end, the charge space 510 is bounded by the auger 104 and the product attrition bed 102. For
example, a first end 520 of the charge space 510 is bounded by a first portion 524 of the
auger flight 106; a second end 522 of the charge space 510 is bounded by a second portion
526 of the auger flight 106; and a bottom 528 of the charge space 510 is bounded by the
product attrition bed 102. As illustrated, the bottom 528 of the charge space 510 also acts as
a first side 530 and second side 532 of the charge space 510 because the bottom and sides are
rounded.

[0092] As shown in Figure 1, the auger comprises a first auger section 108
upstream of a second auger section 110. In some embodiments, the first auger section 108
provides for a less obstructed motion of the product charge 512, and the second auger section
110 provides for a relatively more obstructed motion of the product charge 512. In some
embodiments, the second auger section 110 comprises a flow restriction mechanism (e.g.,
reduced pitch 302, a plurality of auger flights 206, or a rotary gate 406) to restrict (e.g., limit)
the discharge flow 155 of the product 502, and the first auger section 108 does not comprise a
flow restriction mechanism.

[0093] Asillustrated in Figures 1, 2, and 6, in one embodiment, the second auger
section 110 comprises a plurality of auger flights 206 (e.g., a double flight). For example, the
second auger section 110 can comprise at least one additional auger flight 204 (e.g., to divide

a charge space 510). As shown in Figure 2, a length 214 of the additional auger flight 204 (or
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alength 214 of the plurality of auger flights 206) extends from approximately an end of the
auger (e.g., the second end 210 of the auger). In some embodiments, the additional auger
flight 204 (or the plurality of auger flights 206) extends for at least about 1/4, 1/3, 1/2, 3/4, or
1 revolution of the additional auger flight 204. For example, as shown in Figure 2, the
additional auger flight 204 extends from a second end 210 of the auger for about 270° of a
revolution of the additional auger flight 204, which is about 3/4 of a revolution of the
additional auger flight 204. In some embodiments, a length 214 of the additional auger flight
204 (or alength 214 of the plurality of auger flights 206) is at least about 1/4, 1/3, 1/2, 3/4, or
1 pitch (e.g., of the first auger flight 106 or the additional auger flight 204).

[0094]  As shown in Figure 3, in some embodiments, the second auger section 110
comprises a pitch 302 that is smaller than a pitch 202 of the first auger section 108. In one
embodiment, the first auger section 108 comprises a minimum pitch 202 of about 4, about 5,
or about 6, times an average equivalent spherical diameter 514 of the product 502 (e.g., in
the product attrition bed 102, or in the product charge 512). As used herein, the equivalent
spherical diameter of a product unit is the diameter of a sphere having the same volume as the
product unit. Furthermore, the average equivalent spherical diameter is the average of all the
equivalent spherical diameters for the product units in a product.

[0095] In one embodiment, the second auger section 110 comprises a maximum
pitch 302 of about 4, about 5, or about 6 times an average equivalent spherical diameter 514
of the product. For example, in a first section it can be useful to have a pitch 202 greater than
5 times an average equivalent spherical diameter 514, and in a second section it can be useful
to have a pitch 302 less than 2.5 times the average equivalent spherical diameter 514,

[0096] In some embodiments a pitch 202 of the first auger section 108 is

substantially constant for the entirety of the first auger section 108. Additionally, in some
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embodiments, a pitch 302 of the second auger section 110 is substantially constant for the
entirety of the second auger section 110.

[0097] With reference, for example, to Figures 1 and 2, in some embodiments, the
length 218 of the auger 104 extends (e.g., substantially or completely) the entire length 109 of
the product attrition bed 102. In one embodiment, the length 216 of the auger flight 106 is
substantially equal to the length 218 of the auger. In one embodiment, a length 216 of the
auger flight 106 is substantially equal to the length 109 of the product attrition bed 102 and/or
the shaft length 212. In another embodiment, the length 216 of the auger flight 106 can be
greater than a length 109 of the product attrition bed 102 and/or the shaft length 212. In one
embodiment, the length 216 of the auger flight 106 can be less than a length 109 of the
product attrition bed 102 and/or the shaft length 212.

[0098] Asillustrated, for example, in Figure 4, in some embodiments, the auger
flight 106 comprises a first end 402 of the auger flight 106 (e.g., upstream end, trailing end)
and a second end 404 of the auger flight 106 (e.g., downstream end, leading end), and the
second auger section 110 comprises a rotary gate 406 that is fixed to the second end 404 of
the auger flight 106.

[0099]  Asillustrated in Figure 6, in some embodiments, as a result of a flow
restriction mechanism in the second auger section 110, a minimum bed height 516¢, for
example, a fraction of the bed height (or average bed height) in the first (e.g., most upstream)
closed product charge of the auger, is provided from approximately a first end 208 of the
auger to within a selected distance 602 from the second end 210 of the auger. The fraction
can be, for example, at least about 75%, 80%, 85%, 90%, 95%, or 100%. The selected
distance 602 from the second end 210 of the auger can be equal to or less than the length of
the pitch 202 in the first auger section 108. For example, the selected distance 602 can be a

maximum of 1/4, 1/3, 2/3, or 3/4 the length of the pitch 202 of the first auger section 108. As
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another example, the selected distance 602 can be a maximum of 1/4, 1/3, 2/3, 3/4 or one
length of the pitch 302 of the second auger section 110 if the second auger section has a
different pitch than the first auger section as illustrated in Figure 3. As another example, the
selected distance 602 can be a length of a plurality of flights.

[00100] With reference to Figures 1 and 6, in some embodiments, a minimum bed
height 516¢ is provided from approximately a first end 144 of the product attrition bed 102 to
within a selected distance 602 from a second end 146 of the product attrition bed 102. Again,
the selected distance 602 can be less than the length of the pitch 202 in the first auger section
108. For example, the selected distance 602 can be a maximum of 1/4, 1/3, 2/3, or 3/4 the
length of the pitch 202 of the first auger section 108. As another example, the selected
distance 602 can be a maximum of 1/4, 1/3, 2/3, 3/4 or one length of the pitch 302 of the
second auger section 110 if the second auger section has a different pitch than the first auger
section as illustrated in Figure 3.

[00101] In some embodiments, the minimum bed height 516¢ is a minimum fraction
of the average bed height of the product 502 over the length 109 of the product attrition bed
102. For example, in one embodiment, the minimum fraction is at least about 75%, 80%,
85%, 90%, 95%, 100%.

[00102] In some embodiments, a minimum bed height is a minimum fraction of the
bed height (or average bed height) in the first (e.g., most upstream) closed product charge of
the auger. For example, in one embodiment, the minimum fraction is at least 75%, 80%,
85%, 90%, 95%, 100%.

[00103] In some embodiments, as illustrated for example in Figure 5, the auger
comprises a drive shaft 518. Although the drive shaft 518 can extend along an entire length of

an auger, as shown in Figure 8, the drive shaft 518 can also be a truncated drive shaft 518 that

26~



WO 2016/133897 PCT/US2016/018057

extends a shaft length 212 from an end of the auger (e.g., the second end 210 of the auger).
Additionally, in some embodiments, the auger does not comprise a drive shaft 518.

[00104] Figure 8 illustrates a truncated drive shaft 518 that does not extend along an
entire length of an auger. The auger comprises a first end 208 of the auger and a second end
210 of the auger downstream of the first end 208 of the auger. The auger also comprises a
first end 402 of the auger flight 106 and a second end 404 of the auger flight downstream of
the first end 402 of the auger flight 106 (for reference, see the first end 402 and second end
404 of an auger flight shown in Figures 2-4). The drive shaft 518 extends a shaft length 212
from the second end 404 of the auger flight 106, and the shaft length 212 is substantially less
than an entire length 218 of the auger and substantially less than an entire length of the auger
flight 216 (for reference see an auger flight length 216 shown in Figure 2). In some
embodiments, the shaft length 212 is a fraction of the length 218 of the auger or a fraction of
the length 216 of the auger flight. For example, if a plurality of auger flights is used, the
shaft length can be the length of the plurality of auger flights. Using a truncated drive shaft
518 or eliminating a drive shaft 518 can be useful, for example, to provide less obstructed
mixing, more effective bed height for a product, and more effective volume available to serve
as a charge space 510 between an auger 104 and a product attrition bed 102. In some
embodiments the drive shaft is fixed to an end of the auger flight, but the drive shaft does not
extend along the length of the auger flight.

[00105] As illustrated, for example, in Figures 1 and 8, the auger 104 does not
contact the product attrition bed 102. In some embodiments, the auger 104 (e.g., auger flight
106, or any truncated drive shaft 518) has a sufficiently high mechanical rigidity that the
auger can be supported from one end (e.g., first end 208 or second end 210) of the auger and
thereby suspended a substantially fixed distance above the product attrition bed 102 (e.g.,

distance 140 between the auger flight 106 and product attrition bed 102) for the entire length
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218 of the auger. This can be useful to prevent the auger from contacting an abrasive 154 on
the surface of the product attrition bed 102.

[00106] As illustrated in Figure 1, in some embodiments, the invention also
comprises a feed control device for controlling a volumetric feed rate of product 502 to the
product attrition apparatus 100. For example, in one embodiment, the invention comprises a
container 116, and the container comprises a feed chute 118 for feeding product 502 to the
auger 104, a primary gate 120 (e.g., a downstream sliding gate) for controlling (e.g. blocking)
a second feed 122 of product from the chute 118 to the auger 104, and a secondary gate 124
(e.g. an upstream sliding gate) for controlling (e.g. blocking) a first feed 126 of product to the
chute 118. In the illustration of Figure 1, the primary gate 120 is downstream of the
secondary gate 124.

[00107] Although the invention is described herein in terms of a charge space 510,
the charge space 510 can be one of a plurality of charge spaces 510. For example, in one
embodiment, the product (e.g., a product charge 512) is confined in at least one charge space
510. As another example, in some embodiments, the auger 104 is configured in relation to
the product attrition bed 102 to form a plurality of charge spaces 510 for confining a plurality
of product charges 512, respectively.

[00108] Similarly, although the invention is described in terms of a product charge
512, the product charge 512 can be one of a plurality of product charges 512. For example,
in one embodiment, the auger 104 conveys at least one product charge 512. As another
example, in some embodiments, the auger 104 is configured in relation to the product
attrition bed 102 to convey a plurality of product charges 512.

COMPARATIVE EXAMPLES

[00109] With reference to Figures 5 and 6, the advantages provided by the invention

can be better understood by comparing a first product attrition apparatus 100a (e.g., first
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peeler) and a second product attrition apparatus 100b (e.g., second peeler) that are identical
except for their augers 104. The first product attrition apparatus 100a comprises a first
product attrition bed 102 (e.g., first bed comprising an abrasive 154) and a first auger 104,
Meanwhile, the second product attrition apparatus 100b comprises a second product attrition
bed 102 (e.g., second bed comprising an abrasive 154) and a second auger 104.

[00110] The second product attrition bed 102 is identical to the first product attrition
bed 102. Furthermore, the first auger 104 and the second auger 104 have the same auger
length 218 and radius, and an initial portion 534 of the first auger is identical to a first auger
section 108 of the second auger. Additionally, a terminal portion 536 of the first auger has
generally the same configuration (e.g., same pitch, same number of auger flights, same
radius, and/or absence of flow restriction mechanism such as rotary gates) as the initial
portion 534 of the first auger and the first auger section 108 of the second auger.

[00111] However, the second auger section 110 of the second auger 104
advantageously differs from the first auger section 108 of the second auger, the terminal
portion 536 of the first auger, and the initial portion 534 of the first auger. For example, the
second auger section 110 of the second auger comprises a flow restriction mechanism, which
is beneficial because it helps to maintain a minimum bed height 516¢ of product 502 over the
product attrition bed 102. A minimum bed height 516¢, in turn, increases the weight of
product 502 over the product attrition bed 102 and helps maintain a desirable level of force
(e.g., pressure, static head) between an abrasive 154 of the product attrition bed 102 and the
product 502.

[00112] As illustrated in Figures 5 and 6, there is a general correlation between the
amount of a product unit 502a,b that is abraded (e.g., peeled) and the residence time of the

product unit 502a,b over the product attrition bed 102. For example, a product unit 502a with
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a shorter residence time will have experienced less attrition (e.g., abrasion) than a product
unit 502b with a longer residence time.

[00113] Figures 5 and 6 illustrate the average residence times 551a,b,c.d,e.f for a
plurality of product charges 512a,b,c.d. In Figure 5, a first product charge 512a (e.g., the
most upstream product charge) is in an open charge space 510a because it has just been fed to
the auger. It has a first average residence time 551a in the product attrition bed (e.g., over the
abrasive) that is the lowest average residence time of the product charges. The second
product charge 512b (e.g., the second most upstream product charge) is in the first closed
charge space 510b. It has a second average residence time 551b that is the second lowest
average residence time. The third product charge 512¢ (e.g., the third most upstream product
charge) is in the second closed charge space 510c. It has a third average residence time 551c¢
that is the third lowest average residence time. The fourth product charge 512d (e.g., the
most downstream product charge) is in the second open charge space 510d (e.g., most
downstream charge space). It has a fourth average residence time 551d that is the highest
average residence time. However, the residence time spend in the fourth product charge is
not as effective for abrading the product charge, because the bed height is lower.

[00114] Figure 6 is similar to Figure 5, except the fourth product charge has been
subdivided. For example, a first product charge 512a (e.g., the most upstream product
charge) is in a first open charge space 510a because it has just been fed to the auger. It has a
first average residence time 551a in the product attrition bed (e.g., over the abrasive) that is
the lowest average residence time of the product charges. The second product charge 512b
(e.g., the second most upstream product charge) is in the first closed charge space 510b. It
has a second average residence time 551b that is the second lowest average residence time.
The third product charge 512¢ (e.g., the third most upstream product charge) is in the second

closed charge space 510c. It has a third average residence time 551c that is the third lowest
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average residence time. The fourth product charge (e.g., the most downstream product
charge) is in the second open charge space (e.g., most downstream charge space). However,
the fourth product charge has been divided into a first portion 512e (e.g., an upstream
portion) and a second portion 512f (e.g., a downstream portion). Similarly, the fourth charge
space has been divided into a first portion 510e (e.g., an upstream portion) and a second
portion 510f (e.g., a downstream portion). The first portion 512e of the fourth product charge
has a fourth average residence time 551e that is the fourth lowest average residence time.

The second portion 512f of the fourth product charge has a fifth average residence time 551f
that is the highest average residence time. Although the downstream portion 512f of the
fourth product charge has a lower bed height, the upstream portion 512e of the fourth product
charge has a higher bed height 516c¢.

[00115] Figures SA and 6A illustrate the total number of product units 502 in a
product attrition bed over time as calculated by a computer using the discrete elements
method to model the product flow. Figure SA corresponds to the product attrition apparatus
100a illustrated in Figure 5. Figure 6A corresponds to the product attrition apparatus 100b,
illustrated in Figure 6. At startup, the number of product units increases fairly steadily (for
example, because a continuous feed of product is fed to the auger at a constant rate). Then,
once product begins to be discharged from the product attrition bed (e.g., by the second end
of an auger), if the discharge rate exceeds the feed rate, the total number of product units in
the product attrition bed starts to decrease. Then, as the discharge rate goes down, or as the
feed rate increases, the feed rate exceeds the discharge rate, and the total number of product
units in the product attrition bed starts to increase.

[00116] The increase and the decrease in the total number of product units over time

can be seen in the curves plotted in Figures SA and 6A. For example, the variation in the

31-



WO 2016/133897 PCT/US2016/018057

total number of curves from a local maximum to a subsequent local minimum in the number
of product units provides an amplitude 550,650 of a charge-discharge cycle for an auger.

[00117] As can be seen, both product attrition beds have an average steady state
count of around 143 product units. However, the amplitude for the single pitch, single flight
auger illustrated in Figure 5A is about 20 product units while the amplitude of the single
pitch, double flight auger illustrated in Figure 6A is about 10 product units. In other words,
the total number of product units in the product attrition bed of Figure 5A varies by about
14% of the average steady state number of product units. Meanwhile, the total number of
product units in the product attrition bed of Figure 6A varies by about 7% of the average
steady state number of product units.

[00118] Given an average particle size, the number of particles in a product attrition
bed is proportional to the volume of the particles. Furthermore, given a substantially constant
bed height until the exit end of the auger, the total number of particles in the auger varies
primarily with the bed height at the second end of an auger. Accordingly, the product
attrition bed of Figure 6A has a lower variability in bed height at the second end of the auger.
For example, the variability in bed height at the second end of the auger in Figure 6A is about
1/2 the variability in the bed height at the second end of the auger in Figure 5A.Because,
some details of the invention are easier to understand with reference to a coordinate system, a
Cartesian coordinate system has been provided in Figure 9. The coordinate system has three
mutually perpendicular axes, X, Y, and Z, whose directions are given by X, Y, and Z unit
vectors, respectively. The Cartesian coordinate system follows the right-hand rule (e.g., the
cross-product of the X unit vector and the Y unit vector points in the direction of the Z unit
vector). The X-axis is horizontal and points in the flow direction 504 (e.g., parallel to the
rotational axis 506 of the auger and/or axis of curvature of the product attrition bed 102,

which is shown in Figure 1). The Y-axis is horizontal and perpendicular to the flow direction
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504. The Z-axis is vertical and perpendicular to the flow direction 504. In the embodiment
shown, the auger 104 is shaped to convey the product 502 in the flow direction 504 when the
auger rotates with a negative angular velocity 926 (e.g., the rotation of the auger is described
by an angular velocity vector 508 that is parallel to but opposite the flow direction 504).
However, the auger 104 can also be shaped to convey the product 502 in the flow direction
504 when the auger rotates with a positive angular velocity 926. In some embodiments, the
magnitude of the angular velocity of the auger is about 1 to about 30 rpm (rotations per
minute).

[00119] With reference to Figures 1, 2 and 9, one embodiment of the invention
comprises a plurality of auger flights 206. As shown, a second auger section 110 comprises
an additional auger flight 204 (e.g., a second auger flight with the same rotational axis 506,
shape, and pitch 202 as the first flight) extending a length 214 of the additional flight along
the rotational axis 506 of the auger from the second end 210 of the auger toward the first end
208 of the auger. Both auger flights 106,204 have substantially constant radii to provide the
auger 104 with a substantially constant radius over a length 218 of the auger.

[00120] As illustrated in Figure 9, the additional auger flight 204 is out of phase with
the first auger flight 106. For example, given a reference point 902 on the rotational axis 506
of the auger 104 and a normal plane 904 that is perpendicular to the rotational axis 506 at the
reference point 902, the outer edge 906 of the first auger flight 106 intersects the normal
plane 904 at a first point of intersection 908, and a first vector 910 (e.g., straight line with
direction and magnitude) drawn from the reference point 902 to the first point of intersection
908 is at a first angle 912 to a reference vector 914 in the plane (e.g., horizontal vector in the
plane) originating at the reference point 902. Additionally, the outer edge 916 of the second
auger flight (e.g., additional auger flight 204) intersects the normal plane 904 at a second

point of intersection 918, and a second vector 920 drawn from the reference point 902 to the
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second point of intersection 918 is at a second angle 922 to the reference vector 914 in the
plane. Furthermore, the first angle 912 is out of phase with the second angle 922 by a phase
shift angle 924 (e.g., 180 degrees, as illustrated in Figure 9).

[00121] In some embodiments, an auger flight 106 begins to open (e.g., discharge a
product charge 512 at the second end 210 of the auger) when at least a portion of a second
end 404 of the auger flight 106, 204 rotates into a position below horizontal (e.g., a position
below parallel to the reference vector 914 in Figure 9). For example, in some embodiments,
when an auger 104 has a negative angular velocity 926 (as shown in Figure 9), the auger
flight 106, 204 begins to open when at least a portion of a second end 404 of the auger flight
106, 204 rotates to an angle less than 0° (with a 0° angle defined by the reference vector 914).
In other embodiments, when an auger 104 is a mirror image of the auger 104 shown in Figure
9 (e.g., mirror image reflected across a vertical plane passing through the rotational axis 506)
and when the auger 104 has a positive angular velocity 926 (e.g., opposite of angular velocity
926 shown in Figure 9), the auger flight 106, 204 begins to open when at least a portion of a
second end 404 of the auger flight 106, 204 rotates to an angle greater than 180° (with a 0°
angle defined by the reference vector 914).

[00122] ADDITIONAL EMBODIMENTS

The following clauses are offered as further description of the disclosed invention:

1. A product attrition apparatus with improved flow control for a product, wherein the
product comprises a plurality of product units, said product attrition apparatus comprising:

a product attrition bed; and

an auger positioned above the product attrition bed;

wherein the product attrition bed abrades the product while the auger conveys the
product in a flow direction;

wherein the auger comprises:
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arotational axis of the auger oriented parallel to the flow direction;
an auger flight coiled around the rotational axis
a first auger section; and
a second auger section downstream of the first auger section;
wherein the auger is configured in relation to the product attrition bed to form a
charge space for substantially confining a product charge of the product;
wherein, as the auger rotates on the rotational axis, the charge space moves in the
flow direction, thereby moving the product charge in the flow direction;
wherein the first auger section comprises a minimum pitch of about 4 times an
average equivalent spherical diameter of the product;
wherein the second auger section comprises a flow restriction mechanism to restrict a
discharge flow of the product from the auger.
2. The apparatus of clause 1 or 24, wherein the auger flight extends substantially an
entire length of the product attrition bed.
3. The apparatus of clause 1 or 24, wherein an entire length of the auger flight is greater
than an entire length of the product attrition bed.
4, The apparatus of clause 1 or 24, wherein the flow restriction mechanism is positioned
downstream of a downstream end of the product attrition bed to maintain a minimum bed
height for an entire length of the product attrition bed.
5. The apparatus of clause 1 or 24, wherein the second auger section comprises at least
one additional auger flight.
6. The apparatus of clause 1 or 24, wherein the second auger section comprises a pitch
that is smaller than a pitch of the first auger section.
7. The apparatus of clause 1 or 24, wherein the second auger section comprises a

maximum pitch of about 6 times an average equivalent spherical diameter of the product.
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8. The apparatus of clause 1 or 24, wherein the auger flight comprises a first end of the
auger flight and a second end of the auger flight downstream of the first end of the auger
flight; wherein the second auger section comprises a rotary gate, and wherein the rotary gate
is fixed to the second end of the auger flight.
9. The apparatus of clause 1 or 24, wherein a drive shaft of the auger is fixed to a second
end of the auger flight, and wherein the drive shaft of the auger does not extend along a
length of the auger flight.
10. The apparatus of clause 1 or 24, wherein the auger comprises a first end of the auger
flight and a second end of the auger flight downstream of the first end of the auger flight;
wherein the auger comprises a drive shaft, wherein the drive shaft extends along the auger
flight for a shaft length from the second end of the auger flight; and wherein the shaft length
is substantially less than an entire length of the auger flight.
11. The apparatus of clause 1 or 24, wherein the auger flight does not contact the product
attrition bed.
12. The apparatus of clause 1 or 24, further comprising:

a container for providing one control volume of the product to the apparatus per
revolution of the auger.
13. The apparatus of clause 1 or 24, further comprising:

a conveyor for feeding a control volume of product to the auger;

wherein the conveyor comprises a plurality of containers;

wherein each container is sized to contain a specific volume;

wherein the specific volume is not greater than the control volume;

wherein dividing the control volume by the specific volume results substantially in an

integer;
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wherein the conveyor feeds the auger one control volume of product per revolution of
the auger by feeding the auger the specific volume from at least one container in the plurality
of containers per revolution of the auger.
14. The apparatus of clause 1 or 24, further comprising:

a container,

wherein the container comprises:

a feed chute for feeding product to the auger;

a primary gate for controlling a feed of product from the chute to the auger; and

a secondary control mechanism for controlling a feed of product to the chute;

wherein the primary gate is downstream of the secondary control mechanism.
15. A method for using an auger to control a flow of a product over a product attrition
bed, wherein the product comprises a plurality of product units, wherein the auger conveys
the product above the product attrition bed in a flow direction while the product attrition bed
abrades the product, said method comprising the steps:

feeding the product to the auger to provide a product charge;

substantially confining the product charge in a charge space, wherein a first end of the
charge space and a second end of the charge space are bounded by the auger, and wherein a
bottom of the charge space is bounded by the product attrition bed;

rotating the auger to move the charge space, and thereby the product charge, in the
flow direction; and

discharging the product charge from the auger through a flow restriction mechanism
to provide a discharge flow of the product;

wherein a first auger section of the auger is upstream of a second auger section of the

auger; and
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wherein the second auger section comprises the flow restriction mechanism to restrict
the discharge flow of the product.
16.  The method of clause 15 or 25, further comprising:

dividing the charge space in the second auger section to form an upstream division
and a downstream division, thereby limiting the amount of the product charge that loses bed
height when the second end of the charge space is opened;

wherein the second end of the charge space is a downstream end of the charge space.
17. The method of clause 15 or 25, further comprising:

reducing a length of the charge space in the second auger section relative to the length
of the charge space in the first auger section.
18. The method of clause 15 or 25, further comprising:

using a rotary gate to restrict the discharge flow of product from the second auger
section.
19. The method of clause 15 or 25, further comprising:

driving the rotation of the auger by applying a force to a drive shaft fixed to a an end
of an auger flight of the auger, wherein the drive shaft does not extend along a length of the
auger flight.
20. The method of clause 15 or 25, further comprising:

driving the rotation of the auger by applying a force to a drive shaft that extends a
shaft length from an end of an auger flight of the auger, wherein the shaft length is
substantially less than an entire length of the auger flight.
21. The method of clause 15 or 25, wherein the feeding step further comprises:

feeding a control volume of the product to the auger to provide the product charge.

22. The method of clause 15 or 25, wherein the feeding step further comprises:
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feeding a control volume of the product to the auger from a conveyor comprising a
plurality of containers, wherein each container has a volume not greater than the control
volume.
23. The method of clause 15 or 25, wherein the feeding step further comprises:

conveying the product into a chute while a primary gate of the chute is closed and
while a secondary control mechanism of the chute is open, wherein the secondary control
mechanism is positioned upstream of the primary gate;

measuring a volume of the product accumulated upstream of the primary gate and
downstream of the secondary control mechanism;

closing the secondary control mechanism after a specific volume of the product has
accumulated upstream of the primary gate and downstream of the secondary control
mechanism, wherein the specific volume is not greater than the control volume;

opening the primary gate to discharge the specific volume of the product to the auger
to provide at least a portion of the product charge;

closing the primary gate and opening the secondary control mechanism after
discharging the specific volume of product to the auger.

24, An apparatus for providing one control volume of a product to an auger per revolution
of the auger, wherein the auger extends the length of a product attrition bed for abrading the
product as it is conveyed by the auger in a charge space, and wherein the charge space is
bounded by the auger and the product attrition bed, said apparatus comprising:

a container; and

a conveyor for feeding product to the container;

wherein the container is sized to hold a specific volume;

wherein dividing the control volume by the specific volume results substantially in an

integer; and
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wherein the container comprises at least a portion of a feed chute for the auger.
25. A method for controlling a volumetric feed rate of product to an auger positioned over
a product attrition bed, said method comprising the steps:

feeding one control volume of the product to the auger per revolution of the auger,
wherein the one control volume is accumulated in a hopper before being fed to the auger;

rotating the auger to convey the product in a charge space bounded by the auger and
the product attrition bed;

abrading the product by contact with the product attrition bed; and

discharging the control volume from the auger;

wherein the auger extends the length of the product attrition bed.

[00123] While this invention has been particularly shown and described with
reference to preferred embodiments, it will be understood by those skilled in the art that
various changes in form and detail may be made therein without departing from the spirit and
scope of the invention. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.
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CLAIMS:

We claim:

1. A product attrition apparatus with improved flow control for a product, wherein the
product comprises a plurality of product units, said product attrition apparatus comprising:
a product attrition bed; and
an auger positioned above the product attrition bed;
wherein the product attrition bed abrades the product while the auger conveys the
product in a flow direction;
wherein the auger comprises:
arotational axis of the auger oriented parallel to the flow direction;
an auger flight coiled around the rotational axis
a first auger section; and
a second auger section downstream of the first auger section;
wherein the auger is configured in relation to the product attrition bed to form a
charge space for substantially confining a product charge of the product;
wherein, as the auger rotates on the rotational axis, the charge space moves in the
flow direction, thereby moving the product charge in the flow direction;
wherein the first auger section comprises a minimum pitch of about 4 times an
average equivalent spherical diameter of the product;
wherein the second auger section comprises a flow restriction mechanism to restrict a

discharge flow of the product from the auger.

2. The apparatus of claim 1, wherein the auger flight extends substantially an entire

length of the product attrition bed.
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3. The apparatus of claim 1, wherein an entire length of the auger flight is greater than

an entire length of the product attrition bed.

4, The apparatus of claim 1, wherein the flow restriction mechanism is positioned
downstream of a downstream end of the product attrition bed to maintain a minimum bed

height for an entire length of the product attrition bed.

5. The apparatus of claim 1, wherein the second auger section comprises at least one

additional auger flight.

6. The apparatus of claim 1, wherein the second auger section comprises a pitch that is

smaller than a pitch of the first auger section.

7. The apparatus of claim 1, wherein the second auger section comprises a maximum

pitch of about 6 times an average equivalent spherical diameter of the product.

8. The apparatus of claim 1, wherein the auger flight comprises a first end of the auger
flight and a second end of the auger flight downstream of the first end of the auger flight;
wherein the second auger section comprises a rotary gate, and wherein the rotary gate is fixed

to the second end of the auger flight.

9. The apparatus of claim 1, wherein a drive shaft of the auger is fixed to a second end

of the auger flight, and wherein the drive shaft of the auger does not extend along a length of

the auger flight.
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10. The apparatus of claim 1, wherein the auger comprises a first end of the auger flight
and a second end of the auger flight downstream of the first end of the auger flight; wherein
the auger comprises a drive shaft; wherein the drive shaft extends along the auger flight for a
shaft length from the second end of the auger flight; and wherein the shaft length is

substantially less than an entire length of the auger flight.

11. The apparatus of claim 1, wherein the auger flight does not contact the product

attrition bed.

12.  The apparatus of claim 1, further comprising:
a container for providing one control volume of the product to the apparatus per

revolution of the auger.

13. The apparatus of claim 1, further comprising:

a conveyor for feeding a control volume of product to the auger;

wherein the conveyor comprises a plurality of containers;

wherein each container is sized to contain a specific volume;

wherein the specific volume is not greater than the control volume;

wherein dividing the control volume by the specific volume results substantially in an
integer;

wherein the conveyor feeds the auger one control volume of product per revolution of
the auger by feeding the auger the specific volume from at least one container in the plurality

of containers per revolution of the auger.

14.  The apparatus of claim 1, further comprising:
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a container,
wherein the container comprises:

a feed chute for feeding product to the auger;

a primary gate for controlling a feed of product from the chute to the auger;
and

a secondary control mechanism for controlling a feed of product to the chute;

wherein the primary gate is downstream of the secondary control mechanism.
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15. A method for using an auger to control a flow of a product over a product attrition
bed, wherein the product comprises a plurality of product units, wherein the auger conveys
the product above the product attrition bed in a flow direction while the product attrition bed
abrades the product, said method comprising the steps:

feeding the product to the auger to provide a product charge;

substantially confining the product charge in a charge space, wherein a first end of the
charge space and a second end of the charge space are bounded by the auger, and wherein a
bottom of the charge space is bounded by the product attrition bed;

rotating the auger to move the charge space, and thereby the product charge, in the
flow direction; and

discharging the product charge from the auger through a flow restriction mechanism
to provide a discharge flow of the product;

wherein a first auger section of the auger is upstream of a second auger section of the
auger; and

wherein the second auger section comprises the flow restriction mechanism to restrict
the discharge flow of the product.
16. The method of claim 15, further comprising:

dividing the charge space in the second auger section to form an upstream division
and a downstream division, thereby limiting the amount of the product charge that loses bed
height when the second end of the charge space is opened;

wherein the second end of the charge space is a downstream end of the charge space.

17. The method of claim 15, further comprising:
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reducing a length of the charge space in the second auger section relative to the length

of the charge space in the first auger section.

18. The method of claim 15, further comprising:
using a rotary gate to restrict the discharge flow of product from the second auger

section.

19. The method of claim 15, further comprising:
driving the rotation of the auger by applying a force to a drive shaft fixed to a an end
of an auger flight of the auger, wherein the drive shaft does not extend along a length of the

auger flight.

20. The method of claim 15, further comprising:
driving the rotation of the auger by applying a force to a drive shaft that extends a
shaft length from an end of an auger flight of the auger, wherein the shaft length is

substantially less than an entire length of the auger flight.

21. The method of claim 15, wherein the feeding step further comprises:

feeding a control volume of the product to the auger to provide the product charge.

22. The method of claim 15, wherein the feeding step further comprises:
feeding a control volume of the product to the auger from a conveyor comprising a
plurality of containers, wherein each container has a volume not greater than the control

volume.
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23. The method of claim 15, wherein the feeding step further comprises:

conveying the product into a chute while a primary gate of the chute is closed and
while a secondary control mechanism of the chute is open, wherein the secondary control
mechanism is positioned upstream of the primary gate;

measuring a volume of the product accumulated upstream of the primary gate and
downstream of the secondary control mechanism;

closing the secondary control mechanism after a specific volume of the product has
accumulated upstream of the primary gate and downstream of the secondary control
mechanism, wherein the specific volume is not greater than the control volume;

opening the primary gate to discharge the specific volume of the product to the auger
to provide at least a portion of the product charge;

closing the primary gate and opening the secondary control mechanism after

discharging the specific volume of product to the auger.

-47-



WO 2016/133897 PCT/US2016/018057

24, An apparatus for providing one control volume of a product to an auger per revolution
of the auger, wherein the auger extends the length of a product attrition bed for abrading the
product as it is conveyed by the auger in a charge space, and wherein the charge space is
bounded by the auger and the product attrition bed, said apparatus comprising:
5 a container; and

a conveyor for feeding product to the container;

wherein the container is sized to hold a specific volume;

wherein dividing the control volume by the specific volume results substantially in an
integer; and

10 wherein the container comprises at least a portion of a feed chute for the auger.
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25. A method for controlling a volumetric feed rate of product to an auger positioned over
a product attrition bed, said method comprising the steps:

feeding one control volume of the product to the auger per revolution of the auger,
wherein the one control volume is accumulated in a hopper before being fed to the auger;

rotating the auger to convey the product in a charge space bounded by the auger and
the product attrition bed;

abrading the product by contact with the product attrition bed; and

discharging the control volume from the auger;

wherein the auger extends the length of the product attrition bed.

-49.



0000000000000

140

1/11

102

00000000000000000




PCT/US2016/018057

WO 2016/133897

2/11

104

218

212

216

214

FIG. 2

106

402
\

FIG. 3



WO 2016/133897 PCT/US2016/018057

3/11




PCT/US2016/018057

WO 2016/133897

4/11

V¢ DIA
(SANOD3S) TNIL

[
065G 3

O 00L 06 08 OL 09 05 OF 06 O O O
I T e R e B 0
T T (R Y R IR B
——t————t————t—"4——F—t————+ /1 02
T T (R T A IR B
A4 — 4 ————+L L oy
T T (R  H N B
I I Y O U NS N HE ISR NN/ AN s
A
e r 4 4 11/ 1 ]
I | 08
T T T R I R |
A A A e Rt i At i Sl Ity n ALY
T T (N HE A B A
-ttt 4 ——F—+ =+ —— 0
N N L
|/¥hﬁw v et — L oop
o
| 1 -

JWIL A0 INNOD 13NAd0¥d V101

d39 NOILIYLLY
12Nao¥d ¥3no0
10Ndoyd 40
S1INN 40 ¥39ANN



PCT/US2016/018057

WO 2016/133897

5/11

¢ "DId

JOYVHO 19NA0Hd V ¥O4 JNIL FONIAISTY FOVHIAY

/ % \ \
PISS  OIGG ass  elsg
-
JNIL ONISVIHONI
yeg 9€g
A \
921G
201
plg PIS  PIS
ez VS G818 Q08 gzg z0L ¥S Mv\f ) ) ges pzig POLS
\ L\ e e VAR Y
N TR WEY: R L |-q916
Am/%/ﬂ////%/ 2 KT 1
ORI ozg
WY e N
T - Ly
205 q p \ N
0206 glc 905 805
926




PCT/US2016/018057

WO 2016/133897

6/11

-

V9 DIH
(SANOD3S) TNIL

ocl. OLL 00L O6 08 0. 09 05 O O 06 OL O

| | | | | | | | | | |
T T T T T 1T
I (N I A S B
||ﬁ|4|4||T|#|+|4|1||T|ﬁ|4|
| I TR T Y N B
||+|+|¢||T|T|+|L|L||T|+|+ -
| [ T T N R B
||r|k|¢||r|r|k|L|L||r|h| _ ]
| R
A A A S A NS (R S A B I AN
L
R (R R I |
||ﬂ|4|¢||7|#|4|4|¢||7| — T
| T T N R B A B
||+|+|¢||T|T|+|¢|¢||T +——+—
| I T T B |

099 \a

- 0C

- 0

- 09

- 08

- 00}

- 0C)

- 07l

JWIL A0 INNOD 13NAd0¥d V101

091

d39 NOILIYLLY
12Nao¥d ¥3no0
10nadoyd 40
S1INN 40 ¥39ANN



PCT/US2016/018057

7/11

WO 2016/133897

9 'DId
FOUVHO LONAOYd V ¥O4 JNIL FONIAISTY IOVHIAY

/ / N \ \
LGS 916G 0166  q16S LGS
- oLl ¢09
JIL ONISYIHONI : \
e0L) -« -
801 ¥ N—d0Ll
BOLS gz OIS N oy QOIS
f \ \ \
v /I - v 101G
Al __\ __\
BZLG— \EXEE
N ///// _u,-xﬁ
= ~ —— 0916
807 —~ -7 ///\ — ~012
\ /
/
N’

q00}



WO 2016/133897 PCT/US2016/018057

8/11

130

702



PCT/US2016/018057

WO 2016/133897

9/11

80¢—

AHH H X< AT & i R i i d o L7,
7 \\ ] 174 N NIV
L N
i \" \. e TN
4 /_ N\ == = N g \ A1
) v S ¢ N . ny
i \ i I YN o ammr = N
1 I T N )
\ NP N ¥ = 1}
] =" \ 1 7.
—~ ) ™ > KA N
LT i 7 LY A
oo — ~= B

(

/)

A

e
\ J

~—0lc
—8lG

¢le

\ J

8L¢c



10/11




WO 2016/133897 PCT/US2016/018057

11/11

1002~

FEEDING A PRODUCT TO AN AUGER
TO PROVIDE A PRODUCT CHARGE

Y

1004~

CONFINING THE PRODUCT CHARGE IN A
CHARGE SPACE BOUNDED BY THE
AUGER AND A PRODUCT ATTRITION BED

Y

1006 ~

ABRADING THE PRODUCT CHARGE

Y

1008 -

ROTATING THE AUGER TO MOVE THE
CHARGE SPACE, AND THEREBY THE
PRODUCT CHARGE, IN A FLOW DIRECTION

\ J

1010

DISCHARGING THE PRODUCT
CHARGE FROM THE AUGER THROUGH
A FLOW RESTRICTION MECHANISM

FIG. 10A

1020 CONVEYING A PRODUCT INTO A CHUTE WHILE A
™ PRIMARY GATE OF THE CHUTE IS CLOSED AND
A SECONDARY GATE OF THE CHUTE IS OPEN

Y

1022 MEASURING A VOLUME OF THE PRODUCT
™ ACCUMULATED UPSTREAM OF THE PRIMARY GATE
AND DOWNSTREAM OF THE SECONDARY GATE

\ J

CLOSING THE SECONDARY GATE AFTER A CONTROL
VOLUME OF THE PRODUCT HAS ACCUMULATED

1024 - UPSTREAM OF THE PRIMARY GATE AND

DOWNSTREAM OF THE SECONDARY GATE

Y

OPENING THE PRIMARY GATE TO DISCHARGE THE
1026 -"| CONTROL VOLUME OF THE PRODUCT TO THE AUGER

Y

CLOSING THE PRIMARY GATE AND
1028 | OPENING THE SECONDARY GATE

FIG. 10B
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. II  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This international Searching Authorify found multiple inventions in this international application, as follows:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |: Claims 1-14 and 24, drawn to product attrition apparatuses with improved flow control.
Group |I: Claims 15-23 and 25, drawn to methods for using an auger to control a flow of a product over a product attrition bed.

The inventions listed as Groups | and |1 do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

-- Please See Supplemental Box --

7]
1. M As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:I As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

[:I The additional search fees were accompanied by the applicant’s protest but the appllcable protest
fee was not paid within the time limit specified in the invitation.

[E No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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Continued from Box No. lll, Observations where unity of invention is lacking,

The inventions listed as Groups | and ! do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features

Group |l does not require a product attrition apparatus with improved flow control for a product, said product attrition apparatus
comprising: the auger comprises: a rotational axis of the auger oriented parallel to the flow direction; an auger flight coiled around the
rotational axis a first auger section; and a second auger section downstream of the first auger section; wherein the first auger section
comprises a minimum pitch of about 4 times an average equivalent spherical diameter of the product; and said apparatus comprising:
a container; and wherein the container is sized to hold a specific volume; wherein dividing the control volume by the specific volume
results substantially in an integer; and wherein the container comprises at least a portion of a feed chute for the auger, as required by
Group |.

Group | does not require a method for using an auger to control a flow of a product over a product attrition bed, wherein

said method comprising the steps: feeding the product to the auger to provide a product charge; a first end of the charge space and a
second end of the charge space are bounded by the auger, and wherein a bottom of the charge space is bounded by the product
attrition bed; discharging the product charge from the auger through a flow restriction mechanism to provide a discharge flow of the
product;

wherein a first auger section of the auger is upstream of a second auger section of the auger; and a method for controlling a volumetric
feed rate of product to an auger positioned over a product attrition bed, said method comprising the steps: wherein the one control
volume is accumulated in a hopper before being fed to the auger; discharging the control volume from the auger; wherein the auger
extends the length of the product attrition bed, as required by Group il.

Shared Common Features

The only feature shared by Groups | and Ii that would otherwise unify the groups is flow control for a product attrition bed, wherein the
product comprises a plurality of product units, a product attrition bed; and an auger positioned above the product attrition bed; wherein
the product attrition bed abrades the product while the auger conveys the product in a flow direction; wherein the auger comprises:
wherein the auger is configured in relation to the product attrition bed to form a charge space for substantially confining a product charge
of the product; the auger rotates on the rotational axis, the charge space moves in the flow direction, thereby moving the product charge
in the flow direction; the second auger section comprises the flow restriction mechanism to restrict the discharge flow of the product; and
feeding one control volume of the product to the auger per revolution of the auger. However, this shared technical feature does not
represent a contribution over prior art, because the shared technical feature is obvious over US 6,045,070 A (Davenport).

Davenport discloses flow control for a product attrition bed, wherein the product comprises a plurality of product units (Fig. 4; co! 3, In 62
to col 4, In 23; col 5, In 25 to col 6, In 2, shredder, 62, feeding tank, 72, attrition mill, 12.), a product attrition bed (Fig. 4; col 3, In 62 to col
4,In 23; col 5, In 25 to col 6, In 2, disk attrition mill, 12.); and an auger positioned above the product attrition bed (Fig. 4; col 3, In 62 to
col 4, In 23; col 5, In 25 to col 6, In 2, screw conveyor, 74.); wherein the product attrition bed abrades the product while the auger
conveys the product in a flow direction (Fig. 4; col 3, In 62 to col 4, In 23; col 5, In 25 to col 6, In 2, in-line grinder, 12.); wherein the
auger comprises: wherein the auger is configured in relation to the product attrition bed to form a charge space for substantially
confining a product charge of the product (Fig. 4; col 3, In 62 to col 4, In 23; col 4, In 45-52; col 5, In 25 to col 6, In 2, product feed from
screw conveyor, 74, via interchangeable disk, 30, to in-line grinder, 12.); the auger rotates on the rotational axis, the charge space
moves in the flow direction, thereby moving the product charge in the flow direction (Fig. 4; col 4, In 24-44, in-line grinder, 12,
continuously withdraws solids/liquid mixture and delivers to solid separation system.); the second auger section comprises the flow
restriction mechanism to restrict the discharge flow of the product (Fig. 4; col 3, In 62 to col 4, In 23; col 4, In 45-52; col 5, In 25 to col 6,
In 2, screw conveyor, 74, meters solids and fluids into the suction of the in-line grinder.); but does not specifically disclose feeding one
control volume of the product to the auger per revolution of the auger. However, Davenport further discloses continuously metering
solids and fluids from the auger into the attrition bed (Fig. 4; col 3, In 62 to col 4, In 23; col 4, In 45-52; col 5, In 25 to col 6, In 2, screw
conveyor, 74, meters solids and fluids into the suction of the in-line grinder.).To a person of ordinary skill in the art, it would have been
obvious through routine experimentation to vary the rate of metering or the rate of revolution of the auger in order to optimize the flow of
solids that are processed per hour (col 6, In 4-18).

As the technical features were known in the art at the time of the invention, this cannot be considered a special technical feature that
would otherwise unify the groups. Groups | and !l therefore lack unity under PCT Rule 13 because they do not share a same or
corresponding special technical feature.

Form PCT/ISA/210 (extra sheet) (January 2015)
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