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TITLE OF THE INVENTION
COTTONSEED DELINTERS AND METHODS

BACKGROUND

[0001] The present disclosure relates generally to processing cottonseeds, and more
particularly, but not by way of limitation, to cottonseed delinters and methods.

[0002] Cotton is said to have been in use since prehistoric times and remains an
important product in the world today for many purposes. Cotton grows in a cotton boll, which
is a protective capsule, around the seeds of the cotton plant. With the Industrial Revolution,
cotton began to be separated from the cottonseed with a cotton gin. Yet, after ginning the
cottonseed, cotton linters (or cotton wool) remain on the cottonseed. Linters are fine, silky
fibers that are typically less than ' of an inch (6.3 mm) or less than 1/8 of an inch (3 mm)
long. Linters have a unique lumen and have many uses and potential uses. Linters are

different than the longer staple lint and are not simply short pieces of residual staple lint.
SUMMARY

[0003] According to an illustrative embodiment, a method for removing linters from
ginned cottonseeds includes placing the ginned cottonseeds in a cavity of a rotatable drum
having a flexible abrasive member coupled to an interior of the rotatable drum; rotating the
rotatable drum at a sufficient angular velocity such that the cottonseeds are urged against the
flexible abrasive member by a centrifugal force; and using a plurality of longitudinal brushes
to bias the cottonseeds against the flexible abrasive member. The linters are thereby removed
from the cottonseeds over time. The method also includes applying reduced pressure to the
cavity to remove the linters from the cavity and removing the processed cottonseeds from the
cavity.

[0004] According to another illustrative embodiment, a system for removing linters
from ginned cottonseeds includes a rotatable drum having an exterior surface and an interior
surface. The interior surface of the rotatable drum defines, at least in part, a cavity. The
cavity has a first longitudinal-end opening and a second longitudinal-end opening. The system
further includes a flexible abrasive member coupled to and substantially covering the interior
surface of the rotatable drum, a frame for rotatably supporting the rotatable drum, and a first
rotation device operably coupled to the rotatable drum for rotating the rotatable drum relative

to the frame in a first direction such that a centrifugal force urges the cottonseeds in the
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rotatable drum against the flexible abrasive member. The system further includes a first end
plate substantially covering the first longitudinal-end opening of the cavity, a second end plate
substantially covering the second longitudinal-end opening, a cottonseed-introduction aperture
for introducing cottonseeds having linters into the cavity, and a plurality of longitudinal
brushes. Each longitudinal brush of the plurality of longitudinal brushes is rotatably coupled
to the first end plate and the second end plate. Each longitudinal brush has brush elements that
are configured to bias the cottonseeds having linters against the flexible abrasive member on
the interior surface of the rotatable drum. The system further includes a second rotation device
operably coupled to at least one of the plurality of longitudinal brushes, for rotating the same
in a second direction and a linter-removal aperture fluidly coupled to the cavity and to a
reduced-pressure source for removing linters from the cavity. The system also includes a
seed-removal conduit fluidly coupled to the cavity for removing the cottonseeds after
delinting, i.e., the processed cottonseeds.

[0005] According to another illustrative embodiment, a method of manufacturing a
system for removing linters from ginned cottonseeds includes forming a rotatable drum having
an exterior surface and an interior surface. The interior surface defines, at least in part, a
cavity. The cavity has a first longitudinal-end opening and a second longitudinal-end opening.
The method further includes coupling a flexible abrasive member to the interior surface of the
rotatable drum, rotatably coupling the rotatable drum to a frame, operably coupling a first
rotation device to the rotatable drum for rotating the rotatable drum relative to the frame in a
first direction such that a centrifugal force urges the cottonseeds in the rotatable drum against
the flexible abrasive member, substantially covering the first longitudinal-end opening of the
cavity with a first end plate, and substantially covering the second longitudinal-end opening
with a second end plate. The method further includes forming a cottonseed-introduction
aperture that is fluidly coupled to the cavity for introducing cottonseeds having linters into the
cavity and disposing a plurality of longitudinal brushes in the cavity. Each longitudinal brush
of the plurality of longitudinal brushes is rotatably coupled to the first end plate and the second
end plate and each longitudinal brush has brush elements that are configured to bias the
cottonseeds having linters against the flexible abrasive member on the interior surface of the
rotatable drum. The method further includes operably coupling a second rotation device to at
least one of the plurality of longitudinal brushes, for rotating the same in a second direction
and fluidly coupling a linter-removal aperture to the cavity and to a reduced-pressure sourée
for removing linters from the cavity. The method also involves fluidly coupling a seed- . .

removal conduit to the cavity for removing the cottonseeds after delinting.
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[0006] Other features and advantages of the illustrative embodiments will become

apparent with reference to the drawings and detailed description that follow.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIGURE 1 is a schematic, perspective view of an illustrative system for
delinting linters from a plurality of cottonseed;

[0008] FIGURE 2 is a schematic, perspective view of a portion of the system of
FIGURE 1 showing clearly the plurality of longitudinal brushes;

[0009] FIGURE 3 is a schematic, perspective view of a portion of the system of
FIGURE 1 that causes the rotatable drum to rotate;

[0010] FIGURE 4 is a schematic, cross-sectional view of the rotatable drum in
FIGURE 1 taken along line 4-4;

[0011] FIGURE 5 is a detail of FIGURE 4; and

[0012] FIGURE 6 is a schematic, perspective view, with a portion broken away, of

another illustrative system for delinting linters from a plurality of cottonseed.
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0013] In the following detailed description of the illustrative embodiments, reference
is made to the accompanying drawings that form a part hereof. These embodiments are
described in sufficient detail to enable those skilled in the art to practice the invention, and it is
understood that other embodiments may be utilized and that logical structural, mechanical,
electrical, and chemical changes may be made without departing from the spirit or scope of the
invention. To avoid detail not necessary to enable those skilled in the art to practice the
embodiments described herein, the description may omit certain information known to those
skilled in the art. The following detailed description is, therefore, not to be taken in a limiting
sense, and the scope of the illustrative embodiments are defined only by the appended claims.

[0014] Referring primarily to FIGURES 1-5, a system 100 for removing linters from
ginned cottonseed 101 is presented. The system 100 removes linters and produces processed
(or delinted) cottonseeds. The system 100 utilizes a rotatable drum 102 that receives the
ginned cottonseeds into a cavity 104 in the rotatable drum 102. The rotation of the rotatable
drum 102 causes the cottonseeds to impinge upon a flexible abrasive member 106 that is -
coupled to an interior surface 108 of the rotatable drum 102.

[0015] The rotatable drum 102 has an exterior surface 110, the interior surface 108,

and an interior diameter, D;. The rotatable drum 102 also has a longitudinal length that
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extends from a first longitudinal end 112 to a second longitudinal end 114. The rotatable drum
102 may have an aspect ratio (long dimension/diameter) in the range of 1 to 8. In one .
embodiment tested, the aspect ratio was approximately 2.6, but any number in the range given
may be used and even outside the range in some embodiments. The rotatable drum 102 may
be formed in any fashion to present a drum structure. In one embodiment, the rotatable drum
102 is formed as a rolled steel tube.

[0016] The interior surface 108 of the rotatable drum 102 is substantially covered by
the flexible abrasive member 106, which may be a wire bristle brush or may be a card wire
brush. The flexible abrasive member 106 may be coupled to the interior surface 108 of the
rotatable drum 102 using an adhesive, epoxy, weld, UV weld, IR weld or any other attachment
technique. The flexible abrasive member 106 and interior of the rotatable drum 102 could
have mating slots to secure the flexible abrasive member 106 in the rotatable drum 102 and to
facilitate removal and replacement. The flexible abrasive member 106 may be a card wire
brush 190 having brush teeth 192, which have an angled portion 194. The angled portion 194
may angle in the same direction as the first direction 182 of rotation as shown in FIGURE 5.
The card wire brush 190 may be a cardwire brush of the type used in textile machines. The
flexibility of the flexible abrasive member 106 may help to avoid damage to the cottonseed.
The teeth on the card wire may be angled to grip the cottonseeds 101 and move them against
gravity, i.e., up the drum wall (interior of the drum 102) for the orientation shown.

[0017] The system 100 includes a frame 116. The frame 116 may comprise a first
frame 118 and a second frame 120. The frame 116 may have a first longitudinal end 1'22 and
a second longitudinal end 124. A pivot connection 126 may be used to pivotally couplfe the
first frame 118 and second frame 120 at second longitudinal end 124. A driving device 128,
such as a jack or hydraulic lift, may be associated with the first frame 118 and second frame
120 at the first longitudinal end 122 of the frame 116 in order to create an angle between the
first frame 118 and the second frame 120 about the pivot connection 126. The angle between
the first frame 118 and the second frame 120 may be -5, -4, -3,-2,-1,0,1,2,3,4,5,6, 7, 8, 9,
10, or more degrees. o

[0018] The driving device 128 may include a platform 130 that is coupled to the
second frame 120 and a second platform 132 associated with the first frame 118 whereby
when a hand crank 134 or other activating device is used to cause the platforms 130 and 132 to
move apart, it causes a greater space to develop between the first longitudinal end of each of
the frames 118 and 120. The driving device 128 thus causes relative movement behweén_the

first longitudinal end of the first and second frames 118, 120. The frame 116 is show@ on
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wheels or casters 136. The frame 116 also includes a plurality of rotatable supports 138.
Typically, at least two rotatable supports 138 are included, one near the first longitudinal end
112 or near the second longitudinal end 114. The plurality of rotatable supports 138 may be
displaced from one another and positioned to interface with one or more tracks 140 on the
exterior 110 of the rotatable drum 102. The plurality of rotatable supports 138 may be
mounted on lateral frame elements 139.

[0019] The frame 116 may further include a first longitudinal end frame 142. A first
end plate 144 may be coupled to the first longitudinal end frame 142. The frame 116 may
further include a second longitudinal end frame 146. A second end plate 145 is coupled to the
second longitudinal end frame 146. As referenced below, bearing assembly and motors may
be attached to the longitudinal end frames 142, 146. A control compartment 196 (FIG. 1) may
be mounted on the longitudinal end frames 142 or 146 or elsewhere.

[0020] The control compartment 196 may include components for controlling the
rotation devices 148, 162, 164, and 168. The control compartment 196 controls the rotation
device 148 for the drum, which is run by a variable speed frequency drive, but does not
necessarily need to be variable after the optimum is established. Also, rotation devices 164
and 162 may be consolidated into one motor that runs all the cleaning brushes. The rotation
device 168, which turns the doffer brush, is also controlled by the control compartment 196.
The driving device 128, if electrical, is also controlled at the control compartment 196.

[0021] An electrical motor or combustion engine, or other drive device, may function
as a first rotation device 148. In the embodiment shown in FIGURE 1, the first rotation device
148 comprises an electrical motor. The first rotation device 148 is operably coupled to a first
drive assembly 150. The first drive assembly 150 may include a gear box 152 and rollers 154.
The first drive assembly 150 may further include a drive belt 159 that extends around the
exterior 110 of the rotatable drum 102. The first drive assembly 150 may be coupled to a
lateral frame member 156 using securing plates 158. As shown best in FIGURE 3, when the
first rotation device 148 is activated, it turns a wheel 160 and causes the belt 159 to rotate.
The belt 159 may be held in tension by the rollers 154. The first rotation device 148 is thus
operably coupled to the rotatable drum 102 for rotating the rotatable drum 102 relative to the
frame 116 in a first direction. While many approaches may be used for rotating the rotatable
drum 102, the belt 159 secures the rotatable drum 102 and keeps the rotatable dram 102 from
moving away from the rotatable supports 138.

[0022] The rotatable drum 102 rotates adequately to create a centrifugal force that
urges the cottonseeds 101 with linters in the rotatable drum 102 against the flexible abrasive
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member 106. In one illustrative, embodiment, the first rotation device 148 is operable to
rotate the rotatable drum 102 at a rotational speed greater than or equal to 170 revolutions per
minute (RPM). For example, the first rotation device 148 may rotate the drum at 180 RPM,
170 RPM, 160 RPM, 150 RPM, 140 RPM, or another rotational speed. Whatever speed is
selected should typically provide a centrifugal force to the cottonseed that urges the cottonseed
against an interior of the drum and thereby against the flexible abrasive member 106. Other
means of rotating the rotatable drum 102 may be implemented. The greater the rotational
speed of the drum 102, the greater number of counter-rotating cleaning brushes 166.

[0023] In addition to securing the first end plate 144, the first longitudinal end frame
142 may also secure one or more rotation devices for rotating other components. For example,
a second rotation device 162 and a third rotation device 164 may be coupled to the first
longitudinal end frame 142. The second rotation device 162 and the third rotation device 164
may be used to rotate one or more of a plurality of longitudinal brushes 166 within the cavity
104. A fourth rotation device 168 may also be coupled to the first longitudinal end frame 142.
The fourth rotation device 168 is operably coupled to rotate a doffer brush 170. Each- .
longitudinal brush 166 may have a motor and could have a variable frequency drive to vary
the speeds of each. The doffer brush 170 has a different drive device because the doffer brush
170 runs a different direction. Each drive device may have components associated with it to
turn multiple longitudinal brushes 166. :

[0024] The first end plate 144 substantially covers a first longitudinal-end opening 172
(FIG. 6). Similarly, a second end plate 145 substantially covers a second longitudinal end
opening of the cavity 104 (not shown but analogous to first longitudinal end opening 172).
The first end plate 144 and second end plate may have bearings to rotatably suspend the
plurality of longitudinal brushes 166 and the doffer brush 170. The end plates 144, 145 may
include openings with seals, e.g., brush bristles, to help seal around the bearings or shafts.of
the longitudinal brushes 166 or doffer brush 170 that extend through the end plates 144, 145.
In addition, belts, pulley, or gears may be coupled to the end plates 144, 145 to allow the - .
rotation devices 162, 164, 168 to drive more than one brush or device. It will be appreéiated
that more or fewer rotation devices may be utilized depending on the number of belts or gears
included. The longitudinal brushes 166 may rotate with speeds in the range of 40-800 RPM or
any subset thereof.

[0025] A cottonseed-introduction aperture 174 is fluidly coupled to the cavity 104 for
introducing ginned cottonseeds, which have linters, into the cavity 104. For exampl,e,_.»__the,,v

cottonseed-introduction aperture 174 may be formed on the first end plate 144. A seed ﬁ;nﬂel
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or hopper 176 may be operably coupled to the cottonseed-introduction aperture 174 to help
deliver the ginned cottonseeds into the cavity 104. Alternatively, any suitable conveying
device, such as a screw conveyor, could be used to introduce cottonseed into the cavity 104.

[0026] Referring now primarily to FIGURE 2, a portion of the system 100 is shown
with the rotatable drum 102 removed and the frame 116 removed along with associated
components. Thus, the figure primarily shows the first longitudinal end frame 142 and the
second longitudinal end frame 146 and the second end plate 145. The plurality of longitudinal
brushes 166 are shown rotatably connected to the end plates 144, 145 with bearings 147. In
addition, the doffer brush 170 is shown extending between the end plates 144, 145 and being
supported by bearings 147. Thus, the longitudinal brushes 166 and doffer brush 170 may be
rotatably suspended by the bearings 147. Broken lines 178 show the location of optional
members of the plurality of longitudinal brushes 166. The plurality of longitudinal brushes
166 may extend from approximately six o’clock to twelve o’clock in the cavity 104 or any
portion thereof. Typically, the longitudinal brushes 166 extend from a lowest point with
respect to the gravity field to at or near the highest point with respect to the gravity filed.
Typically, at least 90 degrees of the cross sectional interior of the rotation drum 102 is covered
by the longitudinal brushes 166. =

[0027] While the doffer brush 170 may be located at other locations, the doffer brush
170 is shown at or near the most vertical position with respect to the gravity field, i.e.,‘itwelve
o’clock in the cavity 104. The doffer brush 170 may also be at one o’clock or two o’clock or
another location near an upper portion of the cavity 104. The longitudinal doffer brush 170
may be positioned approximately 0.5 centimeters beyond the tip of the flexible abrasive
member 106. That is, for example, the tips of the doffer brush 170 may protrude into the card
wire brush 106 past the tips so as to clean the card wire brush 106 and remove linters. . The
doffer brush 170 is operable to remove linters and other debris that may be caught within the
flexible abrasive member 106. The fourth rotation device 168 may rotate the doffer brush 170
in the first direction 182, which is the same direction as the rotatable drum 102. Typically, the
doffer brush 170 is rotated at a speed greater than the rotatable drum 102, e.g., at least two
times or at least three times the angular speed of the rotatable drum 102. In some
embodiments, the doffer brush 170 may be omitted.

[0028] In another embodiment, the doffer brush 170 may be coupled at a top portion
(e.g., 11, 12, or 1 o’clock) in the cavity 104 and may be substantially enclosed by a tro'ugh (not
shown). The trough prevents seeds from going against the doffer brush 170 but allows the

flexible abrasive member 106 to enter the trough and come into contact with the doffer brush
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170. The doffer brush 170 removes the linters from the flexible abrasive member 106. The
extended conduit 187 for removing linters may be in the cavity 104 proximate to the trough
and may remove linters pulled from the flexible abrasive member 106. -

[0029] Each of the plurality of longitudinal brushes 166, as well as the doffer brush
170, is rotatably coupled to the first end plate 144 and the second end plate 145 with the
bearings 147. One or more of the rotation devices 162, 164 are operable to rotate the plurality
of longitudinal brushes 166 in a first or second direction, e.g., counter-clockwise. As shown in
FIGURES 4 and 5, the plurality of longitudinal brushes 166 are positioned within cavity 104
such that brush elements 180 bias the cottonseeds 101 against the flexible abrasive member
106. Each longitudinal brush roller may rotate in a second direction 184 that is opposite to the
first direction 182 of the rotatable drum 102.

[0030] The plurality of longitudinal brushes 166 may substantially cover the entire
interior of the drum 102 except for the location of the doffer brush 170. Alternatively, the
plurality of brushes 166 may cover only a portion of the interior of the drum 102. For
example, the plurality of longitudinal brushes 166 may cover at least 90 degrees of th_ev inside
of the drum or the interior surface of the rotatable drum 102 beginning at a lowest point within
the cavity 104 relative to a gravity field and spaced along the interior of the drum 102 in the
direction of rotation of the rotatable drum 102. The plurality of longitudinal brushes 166 may
all have the same inside diameter, D, or may have varying diameters, e.g., D3, D4, D5, etc. In
many embodiments, D; <% Dy, or D, <1/8 Dy.

[0031] The second end plate 145 is formed with a linter-removal aperture 186 that is
operably coupled to the cavity 104. The linter removal aperture 186 may receive reduced
pressure from a vacuum source for removing linters from within the cavity 104. While not
shown, the first end plate 144 may include a second linter-removal aperture to which a
reduced-pressure source may be fluidly coupled. Thus, in some embodiment, linters may be
removed at both ends. A conduit 187 is coupled to the linter removal aperture 186 and to the
reduced-pressure source. The conduit 187 may extend into the cavity 104 and may run the
length of the cavity 104 or some portion and may have apertures in the portion in the §ayity,
In this way, linters may be drawn into the conduit 187 from multiple locations within file
cavity 104.

[0032] The second end plate 145 is also formed with a seed-removal conduit or
aperture 188 fluidly coupled to the cavity 104 for removing the cottonseeds after delinting.
The aperture 188 may have a valve or be configured to be opened only at discrete times. The

seed-removal aperture 188 may optionally have a gate or valve (not explicitly shown) for. .
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controlling the removal of cottonseeds from the cavity 104. In this way, the cottonseeds 101
may be batched processed before the gate is opened to remove the cottonseeds. The
cottonseed-introduction aperture 174 may be sized such that under reduced pressure delivered
through the linter removal aperture 186, a reduced pressure is maintained within the cavity 104
that is greater than a minus 100 millimeters of mercury. In any event, an air flow is
established from within the cavity and the seed-removal conduit 188 that is adequate to carry
(suspend) the linters and slow enough not to carry the cottonseed. For example, without
limitation, the airflow established may be -400 CFM to -1000 CFM.

[0033] Referring now generally to FIGURES 1-5, in operation according to one
illustrative embodiment, the system 100 is activated such that the rotatable drum 102 is rotated
with a speed between 60 and 170 RPM (although other speeds are possible as described
herein). Ginned cottonseeds are introduced into the hopper 176 and thereby introduced into
the cavity 104. The centrifugal force caused by the rotatable drum 102 acting on the ginned
cottonseeds along with the longitudinal brushes 166 causes the cottonseeds to be worked upon.

[0034] When operating, the cottonseeds bounce around—looking somewhat like
popcorn—as the seeds continue to climb the drum wall but then fall again to repeat the
process. Cottonseeds fly out of longitudinal brushes 166 or come out the top near the duffer
brush 170. The cottonseeds go in one end, e.g., first end 112, and out the other in a main
embodiment. The centrifugal force holds or helps hold the cottonseeds with linters against the
inside of the rotatable drum 102 so that the work can be accomplished that removes the linters.
The work is accomplished by an abrasive surface of the flexible abrasive member 106 as the
centrifugal force and the longitudinal brushes 166 urge the cottonseed against the flexible 7
abrasive member 106. The cottonseed is moved against the gravity field by the rotation of the
rotatable drum 102. The heat generated by this process is relatively less than many
mechanical approaches and is easily maintained at less than 150° Fahrenheit and more -
typically less than 140° Fahrenheit. If the seed is to be used for purposes other than planti_ng,
the temperature may be allowed to go higher than 140° F.

[0035] When finished, the ginned cottonseeds may have all the linters removed and
look as if the cottonseeds have been acid-delinted, i.e., smooth and black. But, because the
cottonseeds have not been acid delinted, the processed cottonseeds may be stored relatively
longer than acid-delinted cottonseeds. The processed cottonseeds may also be useful for food
applications.

[0036] Referring now primarily to FIGURE 6, another illustrative embodiment of a

system 100 for removing linters from ginned cottonseeds is presented. The system 100 is
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analogous to the system 100 of FIGURES 1-5, except the end frames 142 and 146 have been
removed (for demonstration purposes), a belt track 198 has been added, and the first rotation
device 148 and first drive assembly 150 are slightly different. In this embodiment, the first
rotation device 148 is oriented vertically or lined parallel with the gravity field. The first drive
assembly 150 includes a single drive wheel 200 that engages the belt 159.

[0037] Many alternatives and additions to system 100 of FIGURES 1-6 are possible.
In some embodiments, replacement of the flexible abrasive member 106 may be facilitated.
For example, the end plates 144, 145 may be removable so that the flexible abrasive member
106 may be removed. A new flexible abrasive member 106 may be slid into the rotatable
drum 102 and attached. The end plates 144 or 145 may then be restored to their initial
position.

[0038] In another alternative embodiment, a positive air stream impinges on the
cottonseeds such that “naked” or processed cottonseeds (no linters) can go by the air stream
but the cottonseeds with linters cannot. The air stream is set such that the air stream develops
a force on the cottonseeds having linters that removes them from the exit path. The
cottonseeds without linters continue along the exit path. This allows for a continuous feed.and
a continuous removal from the system 100. |

[0039] In another illustrative embodiment, the entry of cottonseeds into the cavity 104
through the hopper 176 is regulated, but continuous. The angle of the rotatable drum 102 with
respect to the frame 116 may be varied to control the general rate of movement of the
cottonseeds through the cavity 104. The exit to the seed-removal conduit or aperture 188 may
be regulated to only receive cottonseeds that have been delinted by using an air stream as
previously described. After passing the regulated exit, the processed cottonseeds may still
contain waste, e.g., pieces of stem, leaf, carpel, boll and other non-cottonseed material that
remains with the seed after ginning. A second separator (air steam device) may be used to
remove such waste.

[0040] In still another embodiment, the rotatable drum 102 has a longitudinal hinge .
(not shown) and a fastened portion to form a clam-like structure that is moveable between a
closed position and open position. When one desires to gain access to the cavity 104to
replace the flexible abrasive member 106, the fastened portion is released, i.e., one or more
fasteners are released, and the rotatable drum 102 opens about the longitudinal hinge to the
opened position. In this way, the flexible abrasive member 106 may be replaced or cleaned.
This embodiment, may be particularly attractive in a small table-top embodiment of the

system 100 for use with seeds for planting since a cleaning or replacement of the flexible
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abrasive member 106 would typically be required between every batch. It should be noted
that the systems 100 herein may be scaled for a table-top size to a large industrial gin size.

[0041] In another embodiment, one of the end plates 144, 145 may be hinged or
removed to gain access to the cavity 104. This may require removing the bearings 147
associated with the longitudinal brushes 166 and the doffer brush 170. In another
embodiment, an access door (not shown) may be on at least one of end plates 144, 145 and the
flexible abrasive member 106 may have channels and the rotatable drum 102 grooves (or vice
versa) that interface and allow the flexible abrasive member 106 to be slid out of the rotatable
drum 102 for replacement.

[0042] In one particular embodiment that was tested in part, the rotatable drum 102
had a longitudinal length of approximately 93 inches and an inside diameter of approximately
36 inches. Thus, the aspect ration was approximately 2.58. The doffer brush 170 had an
outside diameter of approximately 4.8 inches. The longitudinal brushes 166 were uniform
and had an outside diameter of approximately 4.7 inches. The first rotation device 148 was a
five horsepower electric motor used to turn the rotatable drum 102 in a first direction (e.g.,
clockwise). The second rotation device 162 was a three horsepower electric motor that had
belts and pulleys associated with it to turn the plurality of longitudinal brushes 166 in a second
direction (counter-clockwise). The fourth rotation device 168 was a three horsepower electric
motor used to turn the doffer brush 170 in the first direction (e.g., clockwise). This system .
100 was operable to fully process ginned cottonseeds in batches in ten minutes with typically
20 pounds of seeds being processed. The system 100 was able to process between 100 and
150 pounds of ginned cottonseeds an hour. In another embodiment, the dimensions were the
same, but % horsepower motors were associated as the driving devices with each longitudinal
brush 166. »

[0043] In one embodiment, the seed-removal conduit 188 has a gate or valve for
controlling or regulating the removal of cottonseeds 101 from the cavity 104 and the = -
cottonseed-introduction aperture 174 is sized such that under reduced-pressure from the linter-
removal aperture 186, a reduced-pressure is maintained in the cavity 104 that is greater than -
100 mm Hg.

[0044] Although the present invention and its advantages have been disclosed in the
context of certain illustrative, non-limiting embodiments, it should be understood that various
changes, substitutions, permutations, and alterations can be made without departing from the

scope of the invention as defined by the appended claims. It will be appreciated that any. -
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feature that is described in connection to any one embodiment may also be applicable to any
other embodiment.

[0045] It will be understood that the benefits and advantages described above may
relate to one embodiment or may relate to several embodiments. It will further be uhdérStood
that reference to “an” item refers to one or more of those items.

[0046] The steps of the methods described herein may be carried out in any suitable
order, or simultaneously where appropriate.

[0047] Where appropriate, aspects of any of the examples described above may be
combined with aspects of any of the other examples described to form further examples
having comparable or different properties and addressing the same or different problems.

[0048] It will be understood that the above description of preferred embodiments is
given by way of example only and that various modifications may be made by those skilled in
the art. The above specification, examples and data provide a complete description of the
structure and use of exemplary embodiments of the invention. Although various embodiments
of the invention have been described above with a certain degree of particularity, or with
reference to one or more individual embodiments, those skilled in the art could make -
numerous alterations to the disclosed embodiments without departing from the scope pf the

claims.
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CLAIMS
We claim:

Claim 1. A system for removing linters from ginned cottonseeds, the system comprising:

a rotatable drum having an exterior surface and an interior surface, wherein the
interior surface defines, at least in part, a cavity, wherein the cavity has a
first longitudinal-end opening and a second longitudinal-end opening;

a flexible abrasive member coupled to and substantially covering the interior
surface of the rotatable drum;

a frame for rotatably supporting the rotatable drum,;

a first rotation device operably coupled to the rotatable drum for rotating the
rotatable drum relative to the frame in a first direction such that a centrifugal
force urges the cottonseeds in the rotatable drum against the flexible
abrasive member; |

a first end plate substantially covering the first longitudinal-end opening of the
cavity;

a second end plate substantially covering the second longitudinal-end opening,

a cottonseed-introduction aperture fluidly coupled to the cavity for introducing
cottonseeds having linters into the cavity; B

a plurality of longitudinal brushes, each longitudinal brush of the plurality of
longitudinal brushes is rotatably coupled to the first end plate and the second
end plate and each longitudinal brush has brush elements that are configured
to bias the cottonseeds having linters against the flexible abrasive member
on the interior surface of the rotatable drum;

a second rotation device operably coupled to at least one of the plurality of ‘
longitudinal brushes, for rotating the at least one of the longitudinal brushes
in a second direction; o

a linter-removal aperture fluidly coupled to the cavity and to a reduced-preééure
source for removing linters from the cavity; and

a seed-removal conduit fluidly coupled to the cavity for removing the cottonseeds

after delinting.
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Claim 2. The system for removing linters from a ginned cottonseed of claim 1, wherein
the first rotation device is operable to rotate the rotatable drum at a rotational speed greater

than or equal to 100 revolutions per minute (RPM).

Claim 3. The system for removing linters from a ginned cottonseed of claim 1, wherein
the first rotation device is operable to rotate the rotatable drum at a rotational speed greater

than or equal to 150 revolutions per minute (RPM).

Claim 4. The system for removing linters from a ginned cottonseed of claim 1, wherein

the rotatable drum has an aspect ratio greater than or equal to two.

Claim 5. The system for removing linters from a ginned cottonseed of claim 1, further
comprising;:

a longitudinal doffer brush rotatably coupled to the first end plate and the second
end plate and positioned to be in contact with the flexible abrasive member
on the interior surface of the rotatable drum; and

a third rotation device coupled to the longitudinal doffer brush causing the
longitudinal doffer brush to rotate in the first direction with a speed greater
than at least twice the rotatable drum speed, whereby the doffer brush

removes linters clinging to the flexible abrasive member.

Claim 6. The system for removing linters from a ginned cottonseed of claim 5, further
comprising a trough at least partially enclosing the doffer brush with a clearance from the

rotatable drum such that cottonseeds cannot enter the trough.

Claim 7. The system for removing linters from a ginned cottonseed of claim 1, wherein
the frame comprises an upper frame and a lower frame, the first frame and second frame
each having a first longitudinal end and a second longitudinal end, and wherein the first
longitudinal end of first frame and the second frame are pivotally coupled, and further
comprising a drive device for causing relative movement between the second longitudinal
end of the first frame and the second longitudinal end of the second frame to thereby form

a frame angle.

Claim 8. The system for removing linters from a ginned cottonseed of claim 7, wherein

the frame angle is greater than 5 degrees.
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Claim 9. The system for removing linters from a ginned cottonseed of claim 7, wherein

the frame angle is in the range of 1 to 10 degrees.

Claim 10. The system for removing linters from a ginned cottonseed of claim 7, wherein

the frame angle is at least -2 degrees.

Claim 11. The system for removing linters from a ginned cottonseed of claim 1, wherein
the flexible abrasive member comprises a card wire brush having brush teeth with an

angled portion that is angled in the same direction as the first direction of rotation.

Claim 12. The system for removing linters from a ginned cottonseed of claim 1, wherein
the plurality of longitudinal brushes substantially cover at least 90 degrees (in cross
section) of the inside of the rotatable drum beginning at a lowest point within the cavity
relative to a gravity field and spaced along the interior of the rotatable drum in the

direction of rotation of the rotatable drum.

Claim 13. The system for removing linters from a ginned cottonseed of claim 1, wherein
the seed-removal conduit has a gate for controlled removal of cottonseeds from the cavity
and wherein the cottonseed-introduction aperture is sized such that under reduced-pressure
from the linter-removal aperture, a reduced-pressure is maintained in the cavity that is

greater than -100 mm Hg.

Claim 14. The system for removing linters from a ginned cottonseed of claim 1,7f171‘1"ther
comprising: .

a longitudinal doffer brush rotatably coupled to the first end plate and the second
end plate and positioned to be in contact with the flexible abrasive member
on the interior surface of the rotatable drum;

a third rotation device coupled to the longitudinal doffer brush causing the -
longitudinal doffer brush to rotate in the first direction with a speed greater
than at least twice the rotatable drum speed, whereby the doffer brush
removes linters clinging to the flexible abrasive member; ’

wherein the first rotation device is operable to rotate the rotatable drum at a
rotational speed greater than or equal to 100 revolutions per minute (RPM);

wherein the frame comprises an upper frame and a lower frame, the first frame and
second frame each having a first longitudinal end and a second longitudinal

end, and wherein the first longitudinal end of first frame and the seo@_nd
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frame are pivotally coupled, and further comprising a drive device for
causing relative movement between the second longitudinal end of the first
frame and the second longitudinal end of the second frame to thereby form a
frame angle;

wherein the flexible abrasive member comprises a card wire brush having brush
teeth with an angled portion that angle away from the first direction of
rotation;

wherein the plurality of longitudinal brushes substantially cover at least 90 degrees
of the inside of the rotatable drum beginning at a lowest point within the
cavity relative to a gravity field and spaced along the interior of the rotatable
drum in the direction of rotation of the rotatable drum; and

wherein the seed-removal conduit has a gate for controlled removal of cottonseeds
from the cavity and wherein the cottonseed-introduction aperture is sized
such that under reduced-pressure from the linter-removal aperture, a
reduced-pressure is maintained in the cavity that is greater than -100 mm

Hg.
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Claim 15. A method for removing linters from ginned cottonseeds, the method comprising
the steps of: ’

placing the ginned cottonseeds in a cavity of a rotatable drum having a flexible
abrasive member coupled to an interior of the rotatable drum;

rotating the rotatable drum at a sufficient angular velocity such that the cottonseeds
are urged against the flexible abrasive member by a centrifugal force;

using a plurality of longitudinal brushes to bias the cottonseeds against the flexible
abrasive member;

whereby the linters are removed from the cottonseeds;

applying reduced pressure to the cavity to remove the linters from the cavity; and

removing the cottonseeds from the cavity.

Claim 16. The method of claim 15, further comprising batch processing the ginned

cottonseeds.

Claim 17. The method of claim 15, further comprising performing a continuous

processing of cottonseeds.

Claim 18. The method of claim 15, wherein the flexible abrasive member comprises a

card wire brush.

Claim 19. The method of claim 15, wherein the step of rotating the rotatable drum
comprises rotating the rotatable drum at an angular speed greater than 100 revolutions per

minute.

Claim 20. The method of claim 15, further comprising applying an angle to the rotatable
drum with respect to its longitudinal axis and a gravity field such that cottonseeds are
urged to travel along the interior of the cavity from a first longitudinal end to a second

longitudinal end.
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Claim 21. A method of manufacturing a system for removing linters from ginned
cottonseeds, the method comprising:

forming a rotatable drum having an exterior surface and an interior surface, wherein
the interior surface defines, at least in part, a cavity, wherein the cavity has a
first longitudinal-end opening and a second longitudinal-end opening;

coupling a flexible abrasive member to the interior surface of the rotatable drum;

rotatably coupling the rotatable drum to a frame;

operably coupling a first rotation device to the rotatable drum for rotating the
rotatable drum relative to the frame in a first direction such that a centrifugal
force urges the cottonseeds in the rotatable drum against the flexible
abrasive member;

substantially covering the first longitudinal-end opening of the cavity with a first
end plate;

substantially covering the second longitudinal-end opening with a second end plate;

forming a cottonseed-introduction aperture that is fluidly coupled to the cavity for
introducing cottonseeds having linters into the cavity;

disposing a plurality of longitudinal brushes in the cavity, each longitudinal brush of
the plurality of longitudinal brushes is rotatably coupled to the first end plate
and the second end plate and each longitudinal brush has brush elements that
are configured to bias the cottonseeds having linters against the flexible
abrasive member on the interior surface of the rotatable drum;

operably coupling a second rotation device to at least one of the plurality of
longitudinal brushes, for rotating the at least one of the longitudinal brushes
in a second direction; -

fluidly coupling a linter-removal aperture to the cavity and to a reduced-pressure
source for removing linters from the cavity; and

fluidly coupling a seed-removal conduit to the cavity for removing the cottonseeds

after delinting.
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Claim 22. The method of manufacturing a system of claim 21, wherein the rotatable drum

has an aspect ratio greater than or equal to two.

Claim 23. The method of manufacturing a system of claim 21, further comprising: -

disposing a longitudinal doffer brush in the cavity and rotatably coupling the doffer
brush to the first end plate and the second end plate and positioned to be in
contact with the flexible abrasive member on the interior surface of the
rotatable drum; and

operably coupling a third rotation device to the longitudinal doffer brush causing the
longitudinal doffer brush to rotate in the first direction with a speed greater
than at least twice the rotatable drum speed, whereby the doffer brush

removes linters clinging to the flexible abrasive member.
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