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SEED ENTRAINING SYSTEMS, METHODS AND APPARATUS
BACKGROUND

[0001] In recent years, the expanded size of farm operations and limited amount of time to plant
fields has resulted in increased use of bulk-fill planters which direct centrally-filled hopper or
hopper supplies seed to a plurality of planter row units via an entrainer configured to form an air-
seed mixture for transmission to the row units. However, existing solutions for changing
configurations of such bulk-fill planters are ineffective. In particular, existing solutions for

planting only a subset of rows from an entrainer are time-consuming and ineffective.

[0002] Thus there is a need in the art for seed entraining systems, methods, and apparatus having

improved configuration selection.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] FIG. 1 is a front perspective view of an embodiment of a sced entrainer.
[0004] FIG. 2 is a rear perspective view of the seed entrainer of FIG. 1.

[0005] FIG. 3 is a right side clevation view of the sced entrainer of FIG. 1 having a bulk sced

hopper mounted thereto.

[0006] FIG. 4 is a left side elevation view of an embodiment of an entrainer module of the seed

entrainer of FIG. 1.
[0007] FIG. 5 is a right side elevation view of the entrainer module of FIG. 4.

[0008] FIG. 6 is a cross-sectional view of the seed entrainer of FIG. 1 along the cross-section 6-6

of FIG. 3.
[0009] FIG. 7 is a perspective view of a blocking wedge of the seed entrainer of FIG. 1.
[0010] FIG. 8 schematically illustrates an embodiment of a bulk seed distribution system.

[0011] FIG. 9 is a side elevation view of a conventional agricultural planter.
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[0012] FI1G. 10 illustrates an embodiment of a process for selecting a4 row configuration and

operating a seed entrainer,
DESCRIPTION

{0013] Referring now to the drawings, wherein like reference numerals designate identical or
corresponding parts throughout the several views, FIG. 9 illustrates a conventional central-fifl
planter 10 such as that disclosed in U1.S. Patent No. 6,581,533,

[0014] The ceniral fill planter 10 includes a main frame 12 having a main too! bar 28 from which
a plurality of transversely spaced row units 14 are supported by a parallel linkage 16. The
parallel linkage 16 enables the individual row units [4 to move vertically independently of one
another to conform to terrain or upon cncountering an obstacle during planting operations. Each
of the individual row units 14 includes an auxiliary hopper 18, the purposc of which will be
described later. Additionally, cach row unit 14 includes a seed meter 20, a furrow opening
assembly 22 and a furrow closing assembly 26. The main frame 12 also supports a bulk hopper
36 and an air pump or blower 820, The main hopper holds a bulk supply of seed. An entrainer
38 is mounted to a bottom portion of the bulk hopper 36 such that seed flows by gravity from the

bulk hopper 36 into the entrainer 3%,

{0015] In operation, air from the blower 820 blows seed from the entrainer 38 through a plurahity
of seed supply lines 880 to a plurality of auxiliary hoppers 18. The seed meter 20 meters seed
received from the auxiliary hopper 18, The furrow opening assernbly 22 forms the planting
furrow in the soil surface into which the individual sceds metered at regularly spaced intervals by
the seed meter 20 are deposited after being dirccted downwardly and rearwardly by a sced tube

24, The closing assembly 26 pushes the soil back into the furrow, covering the sced.

{0016] An improved entrainer 100 is illustrated in FIGs. 1-3. The entrainer 100 preferably
includes a distribution array 110 comprising a plurality of entrainer modules 200. The illustrated
entrainer embodiment is an 18-row entrainer including entrainer modules 200-1 through 200-18,
Each entrainer module 200 is preferably configured to deliver seed to an associated auxiliary
hopper as described in more detail below. The entrainer modules 200 are preferably mounted

side-by-side between a left plate [20-1. and a right plate 120-R. A plurality of cleanout doors

Date regue/Date Received 2020-09-23
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140 are preferably pivotally mounted to the entrainer 100 about a common axis generally
indicated by reference character A. Unlatching a pair of latches 142 associated with each
cleanout door 140 permits the operator to remove unused seed from the entrainer 100. An air
line (not shown) directs air from the blower 820 into a manifold 130. The manifold 130 extends
longitudinally through the entrainer 100, supplying air flow to each entrainer module 200. As
illustrated in FIG. 3, the bulk hopper 810 is mounted to an upper end of the entrainer 100 such
that seeds flow by gravity from the bulk hopper into the entrainer 100.

[0017] Turning to FIGs. 3 and 4, the entrainer module 200 is illustrated in detail; the entrainer
modules 200 are preferably interchangeable. Sced flows in dense phase from the bulk hopper
810 into a tapered entry region indicated generally by reference numeral 210. Seed flows in
dense phase from the tapered entry region into an inlet 220 bounded on transverse sides by a wall
280 of the entrainer module 200 and a wall 280 of a neighboring entrainer module 220 (see, ¢.g.,
the inlet 220-5 illustrated in FIG. 6, bounded by the walls 280-5 and 280-4). It should be
appreciated that the walls 280 transversely constrain the seed within the module 200 as the seed
travels from the inlet 220 to an outlet 290, described later herein. Seed passes through an
opening 225 into a vertical column 230. Air from the manifold 130 passes through a chamber
240 into the column 230, entraining seeds into an air-seed mixture which travels from the
column 230 into a horizontal chamber 250. Air flows from the manifold 130 to the horizontal
chamber 250 through a chamber 237. The air-seed mixture travels from the horizontal chamber
through the entrainer outlet 290 to the auxiliary hopper 18 associated with the entrainer module
200. Each entrainer module 200 preferably includes corresponding extrusions 284 and slots 282

by which neighboring entrainer modules are preferably mated.

[0018] A bulk seed delivery system 800 is illustrated in FIG. 8. It should be appreciated that in
some ecmbodiments the components of the system 800 arc those described clsewhere herein and
having like reference numerals. The bulk hopper 810 is preferably in seed communication,
preferably dense phase seed communication, with the module entry regions 210-1 through 210-
18 (it should be appreciated that although the embodiment described herein is an 18-row
embodiment, other maximum numbers of rows per entrainer are contemplated). Each module
entry region 210 is in seed communication, preferably dense phase seed communication, with the

associated entrainer module 200. The blower 820 is in fluid communication with the manifold



CA 02913484 2015-11-24

WO 2014/194263 PCT/US2014/040347

130. The manifold 130 is preferably in fluid communication with each of the modules 200. In
operation, air flows from the blower 820 through the manifold 130 and into each module 200.
Each module 200 is preferably in fluid and seed communication with an associated row unit
auxiliary hopper 18 via an individual seed supply line 880. An air-seed mixture (i.e., air-
entrained seed) travels from each module 200 to the associated auxiliary hopper 18 through the

associated seed supply line 880.

Row configuration selection

[0019] Turning to FIG. 6, each module 200 of the entrainer 100 is preferably configured to
partially receive a blocking wedge 300 in an upper portion of the inlet 220. It should be
appreciated that when a blocking wedge (c.g., blocking wedge 300-5) is inscrted into an
entrainer module 200 as illustrated in FIG. 6, seed is prevented from flowing from the bulk
hopper 810 into the affected module 200 (e.g., module 200-5). In the illustrated embodiment, the
blocking wedges 300 effectively reduce the entrainer 100 from its maximum 18-row
configuration to an 8-row configuration. Multiple row configurations may be achieved using the
same entrainer by selectively blocking varying numbers of modules 200 using blocking wedges

300.

[0020] Referring to FIGs. 4 and 7, each blocking wedge 300 preferably includes extruding ridges
322-B, 322-F formed in opposing sides of the block. The ridges 322 are preferably configured to
fit within corresponding notches 222-B, 222-F formed in the back and front, respectively, of the
inlet 220. Each notch is preferably configured to retain a vertical position of the blocking wedge,
e.g., by contacting upper and lower surfaces of the ridge 322 in the illustrated embodiment. The
notches 222-B, 222-F are preferably substantially symmetrical about a vertical plane, and the
ridges 322 are preferably substantially symmetrical about the same plane when the blocking
wedge 300 is inserted in the inlet 220, such that the same blocking wedge 300 may be inserted

cither in a left-facing or right-facing orientation into the inlet 220.

[0021] Referring to FIGs. 6 and 7, cach blocking wedge 300 preferably includes an angled
surface 350, preferably oriented at approximately 45 degrees from vertical. Blocking wedges
mserted in outboard entrainer modules (e.g., modules 300-3 and 300-18) are preferably oriented

in an “inboard-facing” orientation such that the angled surface 350 faces inboard, guiding dense
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phase seed toward the transverse center of the entrainer 100 as the seed flows from the bulk
hopper 810 into the entrainer. It should be appreciated that because the blocking wedge ridges
322 and the module inlet notches 222 are symmetrical, the blocking wedges 300 may be used
interchangeably to block left-side or right-side outboard entrainer modules with the desired

inboard-facing orientation.

[0022] It should be appreciated that in the illustrated embodiment, each blocking wedge 300
prevents seed from entering the associated entrainer module such that seed introduced to the bulk
hopper 810 can be planted in its entirety from each of the unblocked entrainer modules without

leaving unplanted seed in the blocked entrainer modules.

Row configuration selection

[0023] A proccss 1000 for sclecting an cntrainer row configuration is illustrated in FIG. 10. At
step 1005, the operator connects a seed supply line 880 to the outlet 290 of a subset of the
modules 200. For example, if the operator desires to supply eight row units with seed using the
entrainer 100, the subset comprises eight of the modules 200 such that eight of the module
outlets 290 are placed in seed and fluid communication with individual seed supply lines 880.
The subset of module outlets is preferably substantially evenly distributed among the outlets 290;
for example, in the illustrated embodiment having eighteen entrainer modules 200-1 through
200-18, a subset of eight selected module outlets preferably comprises the module outlets 290-2,
290-4, 290-6, 290-8, 290-11, 290-13, 290-15, 290-17. At step 1007, the operator preferably
closes the remainder of the module outlets 290, i.e., the outlets not selected at step 1005; in some
embodiments, a cap (not shown) is used to seal the remainder of the module outlets. At step
1010, the operator preferably inserts a blocking wedge 300 in the inlet 220 of each of the
remainder of the modules 200, i.¢., the modules not in the subset sclected at step 1005, At step
1015, the operator preferably orients the blocking wedges 300 to guide seed flowing from the
bulk hopper 810 toward the longitudinal center of the entrainer 100; ¢.g., by orienting the angled
surfaces 350 in an inboard-facing manner as best illustrated in FIG. 6. It should be appreciated
that the steps 1010 and 1015 are preferably performed substantially simultanecously, e.g. by
orienting the blocking wedge 300 as desired while inserting it into the inlet 220. At step 1020,
the operator preferably mounts the bulk hopper 810 to the entrainer 100. At step 1025, the
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operator preferably connects each of the seed supply lines 880 to a row unit auxiliary hopper 18
such that each of the subset of modules 200 selected at step 1005 is in fluid and seed
communication with a row unit auxiliary hopper. At step 1030, the operator preferably adds
seed to the bulk hopper 810. At step 1035, as seed flows from the bulk hopper 810 into the
entrainer 100, seed is guided over a plurality of blocking wedges (e.g., blocking wedge 300-5 in
FIG. 6) into the inlet 220 of an entrainer module 200 inboard of and adjacent to each blocking
wedge 300 (e.g., module 200-6 of FIG. 6). At step 1040, the operator preferably supplies air
pressure to the manifold 130 (¢.g., by supplying power to the blower 820) such that sced is

entrained and supplied to each of the row unit auxiliary hoppers 18.

[0024] It should be appreciated that the steps of process 1000 may be carried out at different
stages by different operators; for example, the steps 1010, 1015, 1020 may be performed in an
assembly phase by a manufacturer while the remaining steps may be performed in a setup phase

by a retailer or end user.

[0025] In a preferred embodiment, the planter 10 is provided with a plurality (preferably two)
bulk hoppers 810 and entrainers 100.

[0026] Although the entrainer 100 embodiments described herein comprise individual separable
entrainer modules, other entrainer embodiments may comprise multiple entrainer modules

having discrete outlets but formed as a single unitary part.

[0027] The foregoing description is presented to enable one of ordinary skill in the art to make
and use the invention and is provided in the context of a patent application and its requirements.
Various modifications to the preferred embodiment of the apparatus, and the general principles
and features of the system and methods described herein will be readily apparent to those of skill
in the art. Thus, the present invention is not to be limited to the embodiments of the apparatus,
system and methods described above and illustrated in the drawing figures, but is to be accorded

the widest scope consistent with the spirit and scope of the appended claims.



CLAIMS

1. An agricultural planter, comprising:

a bulk seed hopper,

an entrainer disposed beneath said bulk seed hopper, said entrainer receiving seed by
gravity from said bulk seed hopper, said entrainer including a plurality of entrainer modules,
cach of said plurality of entrainer modules having a seed inlet disposed at a seed inlet height and
a seed outlet;

a plurality of row unit auxiliary hoppers, each said auxiliary hopper in fluid
communication with one of said module outlets; and

a plurality of blocking members corresponding to a subset of said plurality of entrainer
modules, wherein each seed inlet of said subset of said plurality of entrainer modules removably
receiving one of said plurality of blocking members such that cach of said plurality of blocking
members is disposed to block said seed inlet of one of said subset of said plurality of entrainer
modules, each of said plurality of blocking members having an upper surface disposed at an

upper surface height, said upper surface height being vertically higher than said seed inlet height.

2. The agricultural planter of claim 1, wherein said upper surface comprises an
angled surface, whereby seed passing over said angled surface into said entrainer is guided

toward said seed inlet of a neighboring one of said plurality of entrainer modules.

3. The agricultural planter of claim 2, wherein outboard ones of said subset of said
plurality of entrainer modules have said angled surface facing inboard, whereby seed entering

sald entrainer is guided toward a transverse center of said entrainer.

4. An agricultural seed entrainer for an agricultural planter, comprising:

a bulk seed hopper;

a seed entrainer disposed beneath said bulk seed hopper and receiving seed by gravity
from said bulk seed hopper, said seed entrainer comprising a plurality of entrainer modules, each
of said plurality of entrainer modules having a module inlet and a module outlet, said module
inlet having an upper end, said upper end disposed at an inlet height; and

a plurality of blocking members corresponding to a subset of said plurality of entrainer

modules, wherein each module inlet of said subset of said plurality of entrainer modules

Date regue/Date Received 2020-09-23



removably receiving one of said plurality of blocking members such that each of said plurality of
blocking members 1s disposed to block said module inlet of one of said subset of said plurality of
entrainer modules, each of said plurality of blocking members having an upper surtace, said
upper surface disposed at an upper surface height, said upper surface height being vertically

higher than said inlet height.

5. The agricultural seed entrainer of claim 4, wherein said upper surface comprises
an angled surface, whereby sced passing over said angled surface into said seed entrainer flows
by gravity over said angled surface into said module inlet of a neighboring one of said plurality

of entrainer modules.

6. The agricultural sced entrainer of claim 4, wherein said upper surface comprises
an angled surface, whereby seed passing over said angled surface into said seed entrainer 1s

guided toward one side of said blocking member.

7. A method of entraining seed into an air-seed mixture in an agricultural seed
entrainer, the seed entrainer positioned beneath a bulk seed hopper, the seed entrainer comprising
a plurality of entrainer modules, each of the plurality of entrainer modules having a module inlet,
a module outlet and a seed entraining area in pneumatic communication with an air inlet and an
air outlet, the module inlet of each of the plurality of entrainer modules disposed to permit seed
from the bulk seed hopper to flow by gravity through the module inlet of each of the plurality of
entrainer modules and into the entrainer module’s entraining area, the method comprising:

ingerting a first removable blocking member into the module inlet of a first module of the
plurality of entrainer modules;

whereby said first removable blocking member blocks seed from flowing by gravity from
the bulk hopper into said module inlet, said first removable blocking member having an upper
surface disposed vertically higher than said module inlet of an adjacent second module of the

plurality of entrainer modules.

8. The method of claim 7, wherein said upper surface of said first blocking member
inserted into the module inlet of said first module guides seed to ong side of said first removable

blocking member into said second module.

Date regue/Date Received 2020-09-23



9. The method of claim 7, wherein said upper surface of said first removable
blocking member inserted into said module inlet of said first module is angled, causing seed to
move by gravity across said first removable blocking member toward said module inlet of said

adjacent second module.

10. The method of claim 7, wherein said first blocking member includes ridges and
said module inlet of said first module includes corresponding notches, whereby when said first
removable blocking member is inserted into said module inlet of said first module, said notches
receive said ridges, thereby removably securing said first removable blocking member within

said module inlet of said first module.

11. The agricultural seed entrainer of claim 4, wherein outboard ones of said subset of
said plurality of entrainer modules have said angled surface tacing inboard, whereby seed

entering said seed entrainer is guided toward a transverse center of said seed entrainer.

12. The agricultural seed entrainer of claim 4, wherein said upper surface comprises
an angled surface, whereby seed passing over said angled surface into said seed entrainer 1s

guided toward said module inlet of a neighboring one of said plurality of entrainer modules.

13. The agricultural planter of claim 1, wherein said upper surface comprises an
angled surface, whereby seed passing over said angled surface into said entrainer flows by
gravity over said angled surface into said seed inlet of a neighboring one of said plurality of

entrainer modules.

14. The agricultural planter of claim 1, wherein said upper surface comprises an
angled surface, whereby seed passing over said angled surface into said entrainer is guided

toward one side of said blocking member.

Date regue/Date Received 2020-09-23
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