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AGRICULTURAL TRENCH DEPTH SYSTEMS,
METHODS, AND APPARATUS

BACKGROUND

[0001] In recent years, farmers have recognized the need to select and maintain the proper
planting depth to ensure the proper seed environment (e.g., temperature and moisture) and
seedling emergence. To improve agronomic practices, it would also be desirable for the farmer
to understand the relationship between actual planting depth and metrics such as emergence and
yield. Conventional agricultural planters include only apparatus for adjusting a maximum
planting depth, which may not be maintained during operation due to soil conditions or
insufficient downpressure on the planter row unit. Even in operation of modern planters having
sensors for determining whether full trench depth has been lost, the actual depth planted is still
not determined. Thus there is a need for systems, methods and apparatus for controlling and/or

measuring the depth of a trench opened by an agricultural planter.
DESCRIPTION OF THE DRAWINGS
[0002] FIG. 1is a right side elevation view of an embodiment of an agricultural row unit.

[0003] FIG. 2 is a right side elevation view of another embodiment of an agricultural row unit

with certain components removed for clarity.
[0004] FIG. 3 is a perspective view of the agricultural row unit of FIG. 2.

[0005] FIG. 4 is a perspective view of the agricultural row unit of FIG. 2 with a right gauge

wheel removed for clarity.

[0006] FIG. S is an enlarged partial right side elevation view of the agricultural row unit of FIG.
2.

[0007] FIG. 6is a rear elevation view of the agricultural row unit of FIG. 2.

[0008] FIG. 7 is a side elevation view of an embodiment of a depth adjustment assembly and a

secondary depth adjustment assembly.
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[0009] FIG. 8 is a side elevation view of another embodiment of a depth adjustment assembly

and a secondary depth adjustment assembly.

[0010] FIG. 9is a side elevation view of another embodiment of a depth adjustment assembly

and a secondary depth adjustment assembly.

[0011] FIG. 10 is a side elevation view of another embodiment of a depth adjustment assembly

and a secondary depth adjustment assembly.

[0012] FIG. 10A is a side elevation view of another embodiment of a depth adjustment assembly

and a secondary depth adjustment assembly.
[0013] FIG. 11 schematically illustrates an embodiment of a system for controlling furrow depth.

[0014] FIG. 12 is a side elevation view of another embodiment of a depth adjustment assembly

and a secondary depth adjustment assembly.

[0015] FIG. 13 is a perspective view of another embodiment of a depth adjustment assembly and

a secondary depth adjustment assembly disposed on the row unit frame.

[0016] FIG. 13A is a side elevation view of the depth adjustment assembly and a secondary
depth adjustment assembly of FIG. 13 as viewed along lines X-X of FIG. 13.

[0017] FIG. 13B is an enlarged perspective view of the depth adjustment assembly and a

secondary adjustment assembly of FIG. 13 with the row unit frame removed.

[0018] FIG. 14 is a perspective view of another embodiment of a depth adjustment assembly and

a secondary depth adjustment assembly disposed on the row unit frame.

[0019] FIG. 14A is a side elevation view of the depth adjustment assembly and a secondary
depth adjustment assembly of FIG. 14 as viewed along lines Y-Y of FIG. 14.

[0020] FIG. 14B is a side elevation view of the depth adjustment assembly and a secondary
depth adjustment assembly of FIG. 14 showing an alternative embodiment in which the roller

replaced with a cog.
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[0021] FIG. 15 is a perspective view of another embodiment of a depth adjustment assembly

with a rotary actuator disposed on the row unit frame.
[0022] FIG. 15A is a side elevation view of the depth adjustment assembly of FIG. 15.

[0023] FIG. 15B is a side elevation view of the depth adjustment assembly of FIG 15A including

a manual adjustment.

[0024] FIG. 16 is a partial perspective view of another embodiment of a depth adjustment

assembly with a rotary actuator disposed on a gear rack on the row unit frame.

[0025] FIG. 16A is a side elevation and partial cutaway view of the depth adjustment assembly
of FIG. 16.

[0026] FIG. 16B is a side elevation and partial cutaway view of another embodiment for the

depth adjustment assembly of FIG. 16.

[0027] FIG. 16C is a side elevation and partial cutaway view of another embodiment for the

depth adjustment assembly of FIG. 16
[0028] FIG. 16D is a rear elevation view of the embodiment of FIG. 16C.

[0029] FIG. 16E is a rear elevation view of another embodiment for a depth adjustment

assembly.

[0030] FIG. 17 is a side elevation view showing a Case row unit adapted with another

embodiment of a depth adjustment assembly.
[0031] FIG. 17A is an enlarged view of the embodiment of FIG. 17.

[0032] FIG. 18 is a side elevation and partial cutaway view of another embodiment of a depth

adjustment assembly with a position location system.
[0033] FIG. 18A is rear elevation view of the embodiment of FIG. 18.

[0034] FIG. 19 is a side elevation and partial cutaway view of another embodiment of a depth

adjustment assembly with a position location system.
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[0035] FIG. 19A is rear elevation view of the embodiment of FIG. 19.

[0036] FIG. 20A is a side elevation and partial cutaway view of another embodiment of a depth

adjustment assembly with a position location system.
[0037] FIG. 20B is a perspective view of the embodiment of FIG. 20A.

[0038] FIG. 20C is a perspective view of the embodiment of FIG. 20B with the gear rack

removed.

[0039] FIG. 20D is a right side view of the embodiment of FIG. 20B.
[0040] FIG. 20E is a right side view of the embodiment of FIG. 20C.
[0041] FIG. 20F is a rear view of the embodiment of FIG. 20C.

[0042] FIG. 20G is a perspective view of the bottom of the gear rack of the embodiment of FIGs
20A to 20E.

[0043] FIG. 20H is a perspective view of the gear rack and rollers of the embodiment of FIGs.
20A to 20E and 20F.

[0044] FIG. 201 1s a perspective view of the gear rack of FIG. 20H taken along section A-A.
[0045] FIG. 20J is a perspective view of the gear box of the embodiments of FIGs. 20A to 20F.

[0046] FIG. 20K is a perspective view of the worm gear and wheel inside of the gear box of FIG.
20J.

[0047] FIG. 21 is a side elevation of another embodiment of a depth adjustment assembly with a

position location system
DESCRIPTION

[0048] Referring now to the drawings, wherein like reference numerals designate identical or
corresponding parts throughout the several views, FIG. 1 illustrates an agricultural implement,

e.g., a planter, comprising a toolbar 8 to which multiple row units 10 are mounted in transversely
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spaced relation. Each row unit 10 is preferably mounted to the toolbar by a parallel arm
arrangement 16 such that the row unit is permitted to translate vertically with respect to the
toolbar. An actuator 18 is preferably pivotally mounted to the toolbar 8 and the parallel arm

arrangement 16 and configured to apply supplemental downpressure to the row unit 10.

[0049] The row unit 10 preferably includes a frame 14. The row unit 10 preferably includes an
opening disc assembly 60 including two angled opening discs 62 rollingly mounted to a
downwardly extending shank 15 of the frame 14 and disposed to open a v-shaped trench 3 (i.e.,
furrow, seed furrow) in a soil surface 7 as the row unit traverses a field. The row unit 10
preferably includes a gauge wheel assembly 50 including two gauge wheels 52 pivotally
mounted to either side of the frame 14 by two gauge wheel arms 54 and disposed to roll along
the surface of the soil. A depth adjustment assembly 90 pivotally mounted to the frame 14 at a
pivot 92 preferably contacts the gauge wheel arms 54 to limit the upward travel of the gauge
wheel arms 54, thus limiting the depth of the trench opened by the opening disc assembly 60. A
closing assembly 40 is preferably pivotally coupled to the frame 14 and configured to move soil

back into the trench 3.

[0050] Continuing to refer to FIG. 1, seeds 5 are communicated from a hopper 12 to a seed
meter 30 preferably configured to singulate the supplied seeds. The meter 30 is preferably a
vacuum-type meter such as that disclosed in Applicant’s International Patent Pub. No.
WO0/2012/129442, the disclosure of which is hereby incorporated by reference herein in its
entirety. In operation, the seed meter 30 preferably deposits the supplied seeds into a seed tube
32. The seed tube 32 is preferably removably mounted to the frame 14; in operation, seeds 5

deposited by the meter 30 fall through the seed tube 32 into the trench 3.

[0051] Turning to FIGs. 2-6, the depth adjustment assembly 90 is illustrated in more detail. The
depth adjustment assembly 90 includes a rocker 95 pivotally mounted to a depth adjustment
body 94. The depth adjustment body 94 is pivotally mounted to the row unit frame 14 about the
pivot 92. A handle 98 is preferably slidably received within the depth adjustment body 94 such
that the user can selectively engage and disengage the handle (e.g., left and right hooks 99-1, 99-
2, respectively, which may be formed as a part of the handle 98) with one of a plurality of depth
adjustment slots 97 (FIG. 6) formed within the row unit frame 14. With reference to FIG. 7, the
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handle 98 is partially slidingly received within a cavity 710 of the depth adjustment body 94, and
an optional spring 730 engages an annular lip 740 disposed on the bottom end of the handle 98;
the spring 730 thus imposes a resilient force to retain the hooks 99 in the selected slot 97 but
permits the user to withdraw the handle 98 to temporarily disengage the hooks 99 from the slot
97. In operation, the upward travel of the gauge wheels 52 is limited by contact of the gauge
wheel arms 54 with the rocker 95. When one of the gauge wheels, e.g., left gauge wheel 52-1,
encounters an obstruction, the rocker 95 allows the left gauge wheel arm 54-1 to travel upward
while lowering the right gauge wheel 52-2 by the same absolute displacement such that the row

unit 10 rises by half the height of the obstruction.

[0052] It should be appreciated that the handle 98 and depth adjustment body 94 comprise a
primary depth adjustment sub-assembly configured to permit the user to select one of a plurality
of pre-selected furrow depths. The pre-selected furrow depths each correspond to one of the
depth adjustment slots 97. In some embodiments, rather than using the handle 98 to manually
select a depth adjustment slot, an actuator may be used to adjust the position of handle 98; for
example, a linear actuator (not shown) mounted to the row unit frame 14 may be disposed to
adjust the position of the handle 98, or a rotary actuator may turn a gear which adjusts the

position of the handle relative to the depth adjustment slots 97.

[0053] In each of the embodiments illustrated in FIGs. 7-10 and 12, a secondary depth
adjustment assembly is configured to modify one or more of the pre-selected furrow depths. The
secondary depth adjustment assembly may modify the pre-selected furrow depths by more
precise adjustments (e.g., by smaller adjustment steps) than the depth modifications enabled by
the primary depth adjustment assembly (e.g., by selecting which depth adjustment slot 97 is
engaged by the handle 98). For example, referring FIG. 7, the depth adjustment assembly 90A
includes an actuator 720 which adjusts the effective length of the depth adjustment assembly
90A. In the illustrated embodiment, the extension of actuator 720 determines the position of the
rocker 95 relative to the depth adjustment body 94. As illustrated, the rocker 95 is pivotally
mounted to a movable member 770 having a cavity 775 for receiving a protrusion 760 preferably
mounted to (or formed as a part with) the depth adjustment body 94. The protrusion 760 and
cavity 775 retain the alignment of the moveable member relative to the depth adjustment body

94, but permit the actuator 720 to modify the position along an axis which is preferably parallel
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to the pivot axis of the rocker 95. It should be appreciated that modification of the extension of
actuator 720 (and thus the effective length of the depth adjustment assembly) modifies the
furrow depth for any given depth setting of the handle 98. Any of the secondary depth
adjustment assemblies described herein can be used as the only depth adjustment. The primary
depth adjustment does not need to be set. The secondary depth adjustment can adjust across the

entire range of depth setting,

[0054] FIG. 8 illustrates another embodiment of a depth adjustment assembly 90B having a
secondary depth adjustment assembly wherein an actuator 800 modifies the angular position at
which one or more gauge wheel arms 54 is stopped by the depth adjustment assembly 90B for
any given setting of the depth adjustment handle 98. The actuator 800 preferably adjusts a
position of a surface 810 which is pivotally mounted to the gauge wheel arm 54; the surface 810
is preferably disposed to contact the rocker 95 at the point of maximum upward travel of the
gauge wheel arm 54. Extension of the actuator 800 and thus modification of the position of
surface 810 thus preferably modifies the point of maximum upward travel of the gauge wheel
and thus modifies the furrow depth determined by the gauge wheel. In some embodiments, a
functionally similar actuator 800 and pivotally-mounted surface 810 may be mounted to both

gauge wheel arms 54.

[0055] FIG. 9 illustrates another embodiment of a depth adjustment assembly 90C having a
secondary depth adjustment assembly wherein a modified rocker 900 is configured to modify its
shape in order to modify the furrow depth for any given depth setting of the handle 98. The
rocker 900 preferably includes portions 910-1, 910-2 which contact the gauge wheel arms 54-1
and 54-2, respectively, to limit the upward travel of the gauge wheel arms. An actuator 950
preferably changes the angle between the portions 910-1 and 910-2 and thus the shape of the
rocker 900. Retraction of the actuator 950 preferably raises the members 910 and thus modifies

the maximum height of the gauge wheel arms 54 and the furrow depth.

[0056] FIG. 10 illustrates another embodiment of a depth adjustment assembly 90D having a
secondary depth adjustment assembly wherein the rocker 95 is pivotally mounted to the depth
adjustment body 94, preferably about a laterally extending axis defined by pivot 1010. An
actuator 1000 preferably determines the angular position of the rocker 95 about the pivot 1010
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relative to the depth adjustment body 94, thus modifying the maximum upward travel of the

gauge wheel arms 54 and the furrow depth.

[0057] FIG. 10A illustrates an alternative to the embodiment illustrated in FIG. 10. Pivot 1010

is removed, and rocker 95 is attached to connector 1011, which pivots about pivot 92.

[0058] FIG. 12 illustrates another embodiment of a depth adjustment assembly 90E having a
secondary depth adjustment assembly wherein an actuator 1230 advances a depth adjustment
member 1210 (e.g., a wedge) which is preferably slidingly fixed to the gauge wheel arm and
disposed to slide along the length of the gauge wheel arm 54. An actuator 1230 (e.g., a linear
actuator such as an electric, hydraulic, or pneumatic actuator) preferably selectively modifies
(e.g., by extension or retraction) the position of the depth adjustment member 1210, e.g., along
the length of the gauge wheel arm 54. The position of the depth adjustment member 1210 along
the length of the gauge wheel arm preferably modifies the uppermost angular position of the
gauge wheel arm relative to the rocker 95 and thus preferably modifies the depth of the furrow
opened by the row unit in operation. The actuator 1230 may be mounted to the gauge wheel arm

54, e.g., by being fixed to a plate 1225 mounted to the gauge wheel arm 54.

[0059] In some embodiments, the actuator 1230 may adjust the position of the depth adjustment
member 1210 by means of a biasing mechanism. The biasing mechanism preferably increases or
reduces a biasing force on the wedge 1210 as the actuator 1230 is extended. For example, as
illustrated in FIG. 12, the actuator 1230 may modify a position of a biasing member such as a
plate 1220 relative to the depth adjustment member 1210. Optionally, a first spring 1215a is
preferably fixed to the depth adjustment member 1210 at a first end thereof and is preferably
fixed to the plate 1220 at a second end thereof. Optionally, a second spring 1215b is preferably
fixed to the plate 1220 at a first end thereof and is preferably fixed to the plate 1225 at a second
end thereof. In the undeflected position shown in FIG. 12, preferably neither of the springs
1215a, 1215b impose a substantial force on the biasing member 1210. As the actuator 1230
advances from the undeflected position, the spring imposes an increasing advancing force on the
biasing member 1220 (e.g., generally toward the rocker 95). As the actuator 1230 retracts from
the undeflected position, the spring imposes an increasing retracting force on the biasing member

1220 (e.g., generally away from the rocker 95).
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[0060] In operation, when a component of force transmitted from the actuator 1230 (e.g., via the
spring 1215a of the biasing mechanism illustrated in FIG. 12) to the rocker 95 exceeds an
oppositely acting force of the rocker 95 on the gauge wheel arm (or on the depth adjustment
member if the rocker is already contacting the depth adjustment member), the depth adjustment
member 1210 preferably advances, forcing the rocker 95 farther away from the gauge wheel arm
and reducing the furrow depth. It should be appreciated that the biasing force may be built up
gradually by extension of the actuator 1230 without being sufficient to advance the depth
adjustment member 1210 until sufficient extension of the actuator or until reduction of

downforce.

[0061] FIGs. 13 and 14 are perspective views of a row unit frame 14 showing alternative
embodiments of depth adjustment assemblies 90F and 90G, respectively, disposed on the row

unit 14.

[0062] Referring to FIG. 13A, a side elevation view of depth adjustment assembly 90F is shown
as viewed along lines X-X of FIG. 13. FIG. 13B is an enlarged perspective view of depth
adjustment assembly 90F with the row unit frame 14 removed and the handle 98 shown in

dashed lines for clarity.

[0063] The depth adjustment assembly 90F includes a housing 1494 which is received between
the sidewalls of the row unit frame 14. The housing 1494 is adjustably positionable along the
depth adjustment slots 97 of the row unit frame 14 by engagement of the handle 98 within one of
the plurality of depth adjustment slots 97 to achieve the initial preselected furrow depth. The
handle 98 includes hooks 99-1, 99-2 which extend into the slots 97, thereby positioning the
housing 1494 at the desired slot 97.

[0064] The secondary depth adjustment assembly of the depth adjustment assembly 90F
comprises a drive motor 1450, drive screw 1410, drive member 1420, cam arm 1460 and cog
1430, all of which cooperate to adjustably position the rocker 95 with respect to the row unit

frame 14 as hereinafter described.

[0065] As shown in FIG. 13A, the drive screw 1410 extends into the housing 1494 and is driven
by the drive motor 1450. The drive screw 1410 is threadably received by the drive member
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1420. The cog 1430 is rotatably disposed on drive member 1420. A cam arm 1460 has a
proximal end 1461 and a distal end 1462. The distal end 1462 of the cam arm 1460 is pivotably
mounted about pivot 92. The proximal end 1461 of the cam arm 1460 includes teeth 1463 that
engage with the cog 1430. The rocker 95 is pivotally attached to the distal end 1462 of the cam
arm 1460. Stops 1470-1 and 1470-2 may be disposed in the housing 1494 on either side of cam
arm 1460 to limit the rotational movement of cam arm 1460 in both the clockwise and

counterclockwise rotation.

[0066] In operation, drive motor 1450 rotates the drive screw 1410 causing the drive member
1420 threadably attached thereto to be threaded upwardly or downwardly along the drive screw
1410 such that it is raised and lowered within the housing 1494. If the drive screw 1410 is
rotated by the drive motor 1450 in the direction to cause the drive member 1420 to be threaded
upwardly along the drive screw 1410, the cog 1430 engages with the teeth 1463 of the cam arm
1460 causing the cam arm 1460 to pivot counterclockwise (as shown in FIG. 13A) about pivot
92, which raises the rocker 95 with respect to the row unit frame 14, permitting the gauge wheel
arms 54 to raise with respect to the frame member 14, thereby increasing the furrow depth.
Conversely, if the drive screw 1410 is rotated by the drive motor 1450 in the opposite direction
to cause the drive member 1420 to be threaded downwardly along the drive screw 1410, the cog
1430 engages with the teeth 1463 of the cam arm 1460 causing the cam arm 1460 to pivot
clockwise (as shown in FIG. 13A) about pivot 92, which forces the rocker 95 lower with respect
to the frame member 14, thereby forcing the gauge wheel arms 54 downwardly with respect to

the frame member 14 and, in turn, decreasing the furrow depth.

[0067] Referring to FIG. 14A, a side elevation view of depth adjustment assembly 90G is shown
as viewed along lines Y-Y of FIG. 14. Similar to the embodiment of 90F, the depth adjustment
assembly 90G includes a housing 1594 which is received between the sidewalls of the row unit
frame 14. The housing 1594 is adjustably positionable along the depth adjustment slots 97 of the
row unit frame 14 by engagement of the handle 98 within one of the plurality of depth
adjustment slots 97 to achieve the initial preselected furrow depth. The handle 98 includes pegs

1593 which extend into the slots 97 thereby securing the housing 1594 at the desired slot 97.

-10-
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[0068] The secondary depth adjustment assembly of the depth adjustment assembly 90G
comprises a drive motor 1550, drive screw 1510, drive member 1520, cam arm 1560 and a roller
1565 (FIG. 14A) or a cog 1530 (FIG. 14B), which cooperate to adjustably position the rocker 95

with respect to the row unit frame 14 as hereinafter described.

[0069] As shown in FIG. 14A, the drive screw 1510 extends into the housing 1594 and is driven
by a drive motor 1550. The drive screw 1410 is threadably received by drive member 1520. The
drive member 1520 has a sloped side 1521 that engages with a roller 1565 rotatably attached to a
proximal end 1561 of the cam arm 1560. A distal end 1562 of the cam arm 1560 is pivotably
mounted about pivot 92. The rocker 95 is pivotally attached to the distal end 1562 of the cam
arm 1560. . In an alternative embodiment shown in FIG. 14B, roller 1565 is be replaced with a
rotatable cog 1530 and the sloped side 1521 includes teeth 1563 which engage with the cog 1530
as the cog 1530 rotates. Stops 1570-1 and 1570-2 may be disposed in the housing 1594 on either
side of cam arm 1560 to limit the rotational movement of cam arm 1560 in both the clockwise

and counterclockwise rotation.

[0070] In operation, the drive motor 1550 rotates the drive screw 1510 causing the drive member
1520 threadably attached thereto to be threaded upwardly or downwardly along the drive screw
1410 such that it is raised and lowered within the housing 1594. If the drive screw 1510 is
rotated by the drive motor 1550 in the direction to cause the drive member 1520 to be threaded
upwardly along the drive screw 1510, the roller 1565 will roll downwardly along the sloped side
1521 causing the cam arm 1560 to pivot counterclockwise (as shown in FIG. 14A) about pivot
92, which raises the rocker 95 with respect to the row unit frame 14, permitting the gauge wheel
arms 54 to raise with respect to the frame member 14, thereby increasing the furrow depth.
Conversely, if the drive screw 1510 is rotated by the drive motor 1550 in the opposite direction
to cause the drive member 1520 to be threaded downwardly along the drive screw 1510, the
roller 1565 will roll along the curved surface 1521 causing the cam arm 1560 to pivot clockwise
(as shown in FIG. 14A) about pivot 92, which forces the rocker 95 lower with respect to the
frame member 14, thereby forcing the gauge wheel arms 54 downwardly with respect to the
frame member 14 and, in turn, decreasing the furrow depth. It should be appreciated that with

respect to the embodiment shown in FIG. 14B, wherein the roller 1565 and sloped surface 1521

-11-
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are replaced with the cog 1530 which engage teeth 1563 on the sloped surface 1521, the same

action is accomplished.

[0071] In an alternative embodiment to any of embodiments 90A, 90B, 90C, 90D, 90E, 90F, and
90@G, the depth adjustment body 94, 1494, or 1594 does not need to be adjustable. Depth
adjustment body 94, 1494, or 1594 can remain fixed with respect to frame 14 and the secondary
adjustment assembly of any of embodiments 90A, 90B, 90C, 90D, 90E, 90F, and 90G will
provide the entire range of depth adjustment. Instead of pivoting at pivot 92, depth adjustment
body 94, 1494 or 1594 is fixed to frame 14.

[0072] Any of the actuators (720, 800, 950, 1000, 1230) can be electrical, hydraulic, or

pneumatic actuators.

[0073] FIGs. 15 and 15A illustrate another embodiment of a depth adjustment assembly 90H in
which a rotary actuator 1650 (such as an electric motor) turns gears 1640-1 and 1640-2 that
adjusts the position of the depth adjustment body 1694 relative to the depth adjustment slots 97.
Gears 1640-1 and 1640-2 have teeth 1641-1 and 1641-2, respectively that engage in slots 97.
Rotary actuator 1650 is connected to depth adjustment body 1694, which is pivotally mounted to
the frame 14 at pivot 92. Rocker 95 is pivotally mounted to the depth adjustment body 1694.
Rotary actuator may be gear reduced (such as 300:1) to allow for smaller rotation of gears 1640-
1 and 1640-2. In this embodiment, rotary actuator 1650 replaces handle 98. This embodiment
can be used as the only depth adjustment assembly, or it can be used as the primary depth
adjustment assembly and used in combination with any of the other secondary depth adjustment

assemblies.

[0074] FIG. 15B illustrates an alternative embodiment of a depth adjustment assembly 90H in
which depth adjustment body 1694 is replaced with depth adjustment body 1695, handle shaft
1698, and spring 1630. Handle shaft 1698 is attached to actuator 1650 and is partially slidingly
received within a cavity 1696 of the depth adjustment body 1695. The spring 1630 engages an
annular lip 1680 disposed on the bottom end of the handle shaft 1698. The spring 1630 thus
imposes a resilient force to retain the gears 1640 in the selected slot 97 but permits the user to

withdraw the actuator 1650 using handle 1660 attached to actuator 1650 to temporarily

-12-
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disengage the gears 1640 from the slot 97 to a desired pre-set depth to minimize the amount of

travel that the actuator 1650 needs to reach a selected depth.

[0075] FIGs. 16 and 16A illustrate another embodiment of a depth adjustment assembly 901 in
which a gear rack 1710 is disposed on row unit 14 over depth adjustment slots 97. A radius R
from pivot 92 to gear rack 1710 remains constant along the gear rack 1710 having two rows of
teeth 1716-1, 1716-2. Rotary actuator 1750 is disposed over gear rack 1710 and is connected to
a handle shaft 1798 at gear box 1720. Rotary actuator 1750 includes a motor 1730 connected to
a gear box 1720. In the rear perspective view of FIG. 16, the rotary actuator 1750 is removed for
clarity to better show the gear rack 1710. Gear box 1720 has gears 1740 having teeth 1741 for
meshing with gear rack 1710. Only one of the gears is visible in FIG. 16A, but it should be
appreciated that respective gears 1740-1, 1740-2, having respective teeth 1741-1, 1741-2 would
rotatably engage with respective teeth 1716-1, 1716-2 of gear rack 1710. A handle 1799 can be
disposed on motor 1730 to permit rotary actuator 1750 to disengage from gear rack 1710 for
moving to a different position on gear rack 1710 to preset a selected depth. Rotary actuator 1740
may be gear reduced (such as 300:1) to allow for smaller rotation of gears 1740-1 and 1740-2.
In this embodiment, rotary actuator 1750 replaces handle 98 described in the previous
embodiments. Handle shaft 1798 is attached to actuator 1750 at gear box 1720 and is partially
slidingly received within a cavity 1796 of a depth adjustment body 1794. A spring 1791 engages
an annular lip 1795 disposed on the bottom end of the handle shaft 1798. The spring 1791
imposes a resilient force to retain the gears 1740 meshed with gear rack 1710 but permits the
user to withdraw the actuator 1750 using handle 1799 attached to actuator 1750 to temporarily
disengage the gears 1740 from gear rack 1710. Depth adjustment body 1794 is pivotally
mounted to the frame 14 at pivot 92. Rocker 95 is pivotally mounted to the depth adjustment
body 1794.

[0076] FIG. 16B illustrates an alternative embodiment of the depth adjustment assembly 901 in
which handle 1799 is replaced with manual adjustment 1780. Manual adjustment 1780 may be a
knob, a bolt head or other suitable means to permit a user to manually move motor 1730 by hand

or a tool to adjust depth adjustment assembly 901 when motor 1730 cannot be driven electrically.
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[0077] FIGs. 16C is a side elevation and partial cutaway view of another embodiment of a depth
adjustment assembly 90J that further includes a rotary actuator 1750A. FIG. 16D is a rear
elevation view of the embodiment of 16C. In this embodiment, gear rack 1710 includes shelves
1714-1 and 1714-2 laterally inward of respective teeth 1716-1 and 1716-2. Rollers 1712-1 and
1712-2 are secured to an axle 1715 extending through gearbox 1720. The rollers 1712-1 and
1712-2 ride on the respective shelves 1714-1 and 1714-2. The force on gears 1740-1 and 1740-2
from spring 1791 is reduced because the force is acting through rollers 1712-1 and 1712-2 on
shelves 1714-1 an 1714-2, thus allowing for easier movement of gears 1740-1 and 1740-2 on
teeth 1716-1 and 1716-2. Also, it is easier to maintain center distance for gear mesh. Similar to
FIG. 16B, handle 1799 can be replaced with manual adjustment 1780. In another embodiment
shown in FIG. 16E, rollers 1712-1 and 1712-2 are coaxial with gears 1740-1 and 1740-2. This
simplifies the embodiment shown in FIGs. 16C and 16D to permit the depth adjustment

assembly 90J to have a full range of motion across teeth 1716.

[0078] FIG. 17 is a side elevation view of a conventional Case row unit 1814such as disclosed in
U.S. Patent No. 6,827,029 (the “Case ‘029 patent”), incorporated herein by reference, which is
adapted with another embodiment of a depth adjustment assembly 90K, as hereinafter described.
FIG. 17A is an enlarged partial view of FIG. 17. The conventional Case row unit includes an
adjustment handle (identified by reference numeral 90 in FIG. 2 of the Case ‘029 patent) which
is removed and replaced with an actuator 1850 coupled to a screw 1841 that engages with the rod
1860 (corresponding to rod 92 in FIG. 2 of the Case ‘029 patent). The depth adjustment
assembly 90K is mounted to row unit 1810 via bracket 1870 having bracket arms 1870-1 and
1871-2 attached to channel member 1814. Actuator 1850 includes motor 1830 and gear box
1820, which drives shaft 1821, which is coupled to screw 1841 via coupler 1840. Screw 1841 is
threadably engaged with adjustment arm 1860 extending through the channel member 1814.
Adjustment arm 1860 has a screw receiver end 1861 having a threaded nut 1862 for threadably
receiving screw 1841. Adjustment arm 1860 extends through channel member 1814 and is
connected to a rocker 1895 at its distal end. The rocker 1895 is pinned to the distal end of the
adjustment arm 1860 and acts on respective gauge wheel arms 1894-1 and 1894-2. Gauge wheel
arms 1894-1 and 1894-2 are pivotally connected to a frame member of the row unit 1810 via
pivots 1892-1 and 1892-2, respectively. Gauge wheels 52-1 and 52-2 are connected to gauge
wheel arms 1894-1 and 1894-2, respectively.
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[0079] For any of the depth adjustment assemblies that have a motor as part of their actuator
(1450, 1550, 1650, 1750, 1850, 1950), the set depth can be determined by the actuator/motors
1450, 1550, 1650, 1730, 1830, 1930, 1984 based on their rotations in either direction. If
actuator/motors 1450, 1550, 1650, 1730, 1830, 1930, 1984 are stepper motors, the number of

steps taken in either direction can be tracked by depth control and soil monitoring system 300.

[0080] FIGs. 18 and 18A illustrate another embodiment of a depth adjustment assembly 90K
utilizing a gear rack 1710 and a distance sensor 1717 to determine the position of the actuator
1750B along the gear rack 1710. FIG. 18A is a rear elevation view of FIG. 18. In this
embodiment, the distance sensor 1717 is disposed on the bottom of gear box 1720 and is
disposed over a ledge 1721 disposed on an interior surface 1722 of gear rack 1710. In this
embodiment, ledge 1721 has a constantly changing distance with respect to the constant radius of
teeth 1716. Sensing this change in distance, distance sensor 1717 communicates with depth

control and soil monitoring system 300.

[0081] FIGs. 19 and 19A illustrate another embodiment of a depth adjustment assembly 90L
utilizing a gear rack 1710 and a distance sensor 1717 to determine the position of the actuator
1750C along the gear rack 1710. FIG. 19A is a rear elevation view of FIG. 19. In this
embodiment, the distance sensor 1717 is disposed on the handle shaft 1798. The interior wall
1718 of ledge 1723 adjacent to the distance sensor 1717 has a constantly changing width
transverse to the direction of travel of handle shaft 1798. The change in distance to the interior
wall 1718 is sensed by the distance sensor 1717which communicates with depth control and soil

monitoring system 300.

[0082] Distance sensor 1717 can be any sensor that can measure distance. Examples of distance

sensors include, but are not limited to Hall effect sensors and inductive sensors.

[0083] FIGs. 20A to 20K illustrate another embodiment of a depth adjustment assembly 90M
utilizing a gear rack 1910 and a distance sensor 1917 to determine the position of actuator 1950
along the gear rack 1910. In this embodiment, the distance sensor 1917 is disposed above ledge
1921, which is disposed on gear rack 1910. In one embodiment, distance sensor 1917 is attached
to gear box 1920. In this embodiment, ledge 1921 has a constantly changing distance with

respect to the constant radius of teeth 1916. Sensing this change in distance, distance sensor
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1917 communicates with depth control and soil monitoring system 300. Alternatively, gear rack
1910 can have an interior wall similar to interior wall 1718 on gear rack 1710 with distance

sensor disposed to sense the change in distance to the interior wall (not shown).

[0084] Depth adjustment assembly 90M has actuator 1950 disposed on and engaged with gear
rack 1910. Actuator 1950 has an electric motor 1930 connected to and driving gear box 1920.
Gear box 1920 drives gears 1940-1 and 1940-2. Gears 1940-1 and 1940-2 have teeth 1941-1 and
1941-2, respectively, for engaging teeth 1916 (1916-1 and 1916-2) on gear rack 1910.

[0085] As best viewed in FIG. 20F, gear box 1920 is connected via shaft 1998 to depth
adjustment body 1994 which pivots about pivot 92 to adjust rocker 95. In one embodiment, shaft
1998 is connected to gear box 1920 via connection 1922. Shaft 1998 terminates with annular lip
1995 inside depth adjustment body 1994. Disposed in depth adjustment body 1994 is force
member 1991 (such as a spring) to force shaft 1998 via annular lip 1995 away from depth
adjustment body 1994. In the embodiment when force member 1991 is a spring, annular lip
1995 can have a nub 1997 and depth adjustment body 1994 can have a nub 1996 about which
spring 1991 is disposed to help retain spring 1991 within depth adjustment body 1994.

[0086] As best viewed in FIG. 20G, gear rack 1910 in one embodiment can have one or more
protrusions 1929. Protrusions 1929 can engage with the depth adjustment notches on frame 14,

which are typically found on most frames (not shown).

[0087] Gear box 1920 has wheels 1913-1 and 1913-2 attached to its side. Wheels 1913-1 and
1913-2 engage shelves 1919-1 and 1919-2, respectively, on gear rack 1910. The engagement of
wheels 1913-1 and 1913-2 can be best viewed in FIGs. 20H and 20I. FIG. 201 is a perspective
view of gear rack 1710 showing the changing radius of ledge 1921 with respect to teeth 1916-2
and ledge 1919-2.

[0088] FIG. 20J shows gear box 1920, and FIG. 20K shows the internal parts of gear box 1920
with gear box housing 1925 removed to show worm gear 1927, wheel 1928 (or 1928-1 and
1928-2) and shaft 1926. Worm gear 1927 is driven by motor 1930 and turns wheel gear 1928
and shaft 1926. Gears 1940-1 and 1940-2 are disposed about shaft 1926. In one embodiment,

worm gear 1927 and wheel gear 1928 are made from powdered metal. In one embodiment for
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ease of assembly, wheel gear 1928 is made in two parts, left wheel gear 1928-1 and right wheel

gear 1928-2, all of which can be made from powdered metal.

[0089] FIG. 21 is a side elevation view of another embodiment of a depth adjustment assembly
90N. Assembly 90N is an alternative to assembly 90M in which the wheel gears/pinions are
replaced with one or more worm gears. In this embodiment, gear box 1980 is connected via
shaft 1998 to depth adjustment body 1994 which pivots about pivot 92 to adjust rocker 95.
Disposed on either or both sides of gear box 1980 and positioned over gear rack 1910 is a worm
gear 1981 having flights 1982 that engage with the teeth 1916 of the gear rack 1910. The worm
gear 1981 has a shaft 1983 which is rotatably driven by an electric motor 1984. The shaft 1983
is supported within a U-shaped bracket 1985 which is supported by the gear box 1980. For
consistency with the previously described embodiments, it should be appreciated that the depth
adjustment assembly 90N may comprise corresponding left and right worm gears 1981, flights
1982, shafts 1983, motors 1984 and brackets 1985 differentiated by the suffix “-1” and “-2” for
those components disposed over the respective left and right gear teeth 1916-1, 1916-2 of the
gear rack 1910. However, because FIG. 21 is a sided elevation view, only the “-2” components

are visible.

[0090] There are other row units with manual adjustments similar to those described herein.
Non-limiting examples can be found in US20170000003 and US20170006757, both of which are
incorporated herein by reference. The depth adjustment assemblies described herein work with

similar systems with rockers, pivot, and adjustment arms.

Depth Control Systems

[0091] The depth adjustment actuators/motors (e.g., secondary depth adjustment
actuators/motors) disclosed herein (e.g., actuators/motors 720, 800, 950, 1000, 1230, 1450, 1550,
1650, 1750, 1850, 1950, 1984) may be in data communication with a depth control and soil

monitoring system 300 as illustrated in FIG. 11 and described herein.

[0092] In the system 300, a monitor 50 is preferably in electrical communication with
components associated with each row unit 10 including seed meter drives 315, seed sensors 305,

the GPS receiver 53, downforce sensors 392, downforce valves 390, depth adjustment actuators
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380, and depth actuator encoders 382 (and in some embodiments actual depth sensors 385 such
as those described in applicant’s International Patent Pub. No. W02014/066654, incorporated by
reference herein). In some embodiments, particularly those in which each seed meter 30 is not
driven by an individual drive 315, the monitor 50 is also preferably in electrical communication

with clutches 310 configured to selectively operably couple the seed meter 30 to the drive 315.

[0093] Continuing to refer to FIG. 11, the monitor 50 is preferably in electrical communication
with a cellular modem 330 or other component configured to place the monitor 50 in data
communication with the Internet, indicated by reference numeral 335. Via the Internet
connection, the monitor 50 preferably receives data from a soil data server 345. The soil data
server 345 preferably includes soil map files (e.g., shape files) associating soil types (or other
soil characteristics) with GPS locations. In some embodiments, soil map files are stored in the

memory of the monitor 50.

[0094] The monitor 50 is also preferably in electrical communication with one or more
temperature sensors 360 mounted to the planter and configured to generate a signal related to the
temperature of soil being worked by the planter row units 10. In some embodiments one or more
of the temperature sensors 360 comprise thermocouples disposed to engage the soil as disclosed
in Applicant’s International Patent Pub. No. W02014/153157, the disclosure of which is
incorporated herein in its entirety by reference. In such embodiments, the temperature sensors
360 preferably engage the soil at the bottom of the trench 38. In other embodiments, one or
more of the temperature sensors 360 may comprise a sensor disposed and configured to measure
the temperature of the soil without contacting the soil as disclosed in International Patent Pub.
No. W02012/149398, the disclosure of which is hereby incorporated herein in its entirety by

reference.

[0095] Referring to FIG. 11, the monitor 50 is preferably in electrical communication with one
or more moisture sensors 350 mounted to the planter and configured to generate a signal related
to the temperature of soil being worked by the planter row units 10. In some embodiments, the
moisture sensor 350 comprises a reflectance sensor such as that disclosed in U.S. Patent no.
8,204,689, hereby incorporated herein in its entirety by reference. In such embodiments, the

moisture sensor 350 is preferably mounted to the shank 15 of the row unit 10 and disposed to
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measure the soil moisture at the bottom of the trench 38, preferably at a position longitudinally
forward of the seed tube 32. The monitor 50 is preferably in electrical communication with one
or more second-depth moisture sensors 352. The second-depth moisture sensor 352 preferably
comprises a reflectance sensor such as that disclosed in the ‘689 application, disposed to measure
soil moisture at a depth at which consistent moisture reading is expected. In some embodiments
the second-depth moisture sensor 352 is disposed to measure soil moisture at a greater depth than
used for planting, such as between 3 and 6 inches and preferably approximately 4 inches below
the soil surface. In other embodiments the second-depth moisture sensor 352 is disposed to
measure soil moisture at a lesser depth than used for planting, such as between 0.25 inch and 1
inch and preferably approximately 0.5 inch below the soil surface. The second-depth moisture
sensor 352 is preferably disposed to open a trench laterally offset from the trenches 38 opened by

the row units 10.

[0096] Referring to FIG. 11, the monitor 50 is preferably in electrical communication with one
or more electrical conductivity sensors 365. The electrical conductivity sensor 365 preferably
comprises one or more electrodes disposed to cut into the soil surface such as the sensors
disclosed in U.S. Patents nos. 5,841,282 and 5,524,560, both of which are hereby incorporated

herein in their entirety by reference.

[0097] Referring to FIG. 11, the monitor 50 is preferably in electrical communication with one
or more pH sensors 355. In some embodiments the pH sensor 355 is drawn by a tractor or by
another implement (e.g., a tillage implement) such that data is stored in the monitor 50 for later
use. In some such embodiments, the pH sensor 355 is similar to that disclosed in U.S. Patent no.
6,356,830. In some embodiments, the pH sensor 355 is mounted to the toolbar 8, preferably at a

position laterally offset from the row units 10.

Depth Control Methods

[0098] According to some exemplary processes of controlling depth using the depth adjustment
assemblies described herein, a user may manually adjust the primary and/or secondary depth

adjustment assemblies.
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[0099] According to some exemplary processes, the user may manually adjust the primary depth
adjustment assembly and use the monitor 50 to command a depth adjustment to the secondary

depth adjustment assembly.

[0100] According to some exemplary processes, the user may manually adjust the primary depth
adjustment assembly and the monitor 50 may command a desired depth adjustment to the
secondary depth adjustment assembly (e.g., one of the actuators/motors 720, 800, 950, 1000,
1230, 1450, 1550, 1650, 1750, 1850, 1950, 1984) by receiving one or more agronomic variables
from the sensors (e.g., sensors 350, 355, 360, 365, 352, 385) or from the soil data server 345 and
determining a desired depth adjustment by consulting a database or algorithm relating one or

more agronomic variables to a desired furrow depth.

[0101] According to some exemplary processes, the monitor 50 may command a desired depth
adjustment to the primary depth adjustment assembly and/or to the secondary depth adjustment
assembly (e.g., one of the actuators/motors 720, 800, 950, 1000, 1230, 1450, 1550, 1650, 1750,
1850, 1950, 1984) by receiving one or more agronomic variables from the sensors (e.g., sensors
350, 355, 360, 365, 352, 385) or from the soil data server 345 and determining a desired depth
adjustment by consulting a database or algorithm relating one or more agronomic variables to a

desired furrow depth.

[0102] According to some exemplary processes, the monitor 50 may command a desired depth
adjustment to the primary depth adjustment assembly and/or to the secondary depth adjustment
assembly (e.g., one of the actuators/motors 720, 800, 950, 1000, 1230, 1450, 1550, 1650, 1750,
1850, 1950, 1984) by determining the GPS-reported location of the row unit 10 and consulting a
depth prescription map spatially relating locations and/or regions in the field to desired furrow

depths.

[0103] In some embodiments, the monitor SO may record changes in depth in the field by
associating commanded actuations of the actuator/motor 720, 800, 950, 1000, 1230, 1450, 1550,
1650, 1750, 1850, 1950, 1984 with GPS locations reported by the GPS receiver 52. In some
such embodiments, the monitor 50 may record a change in depth concurrently with the
commanded actuations of the actuator/motor 720, 800, 950, 1000, 1230, 1450, 1550, 1650, 1750,

1850, 1950. However, in operation, the force between the rocker 95 and the gauge wheel arm
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and/or the depth adjustment member may vary, e.g., as the row unit moves across uneven terrain.
Thus in some embodiments the monitor 50 may monitor the force on the gauge wheel arm and/or
the depth adjustment rocker and record the change in depth only when the force is lower than a
predetermined threshold. For example, with respect to the embodiment of FIG. 12, the monitor
50 may monitor the force on the gauge wheel arm and/or the depth adjustment rocker and record
the change in depth only when the force is lower than a predetermined threshold at which the
depth adjustment member can be advanced for a given position of the actuator 1230. The force
on the gauge wheel arm and/or the depth adjustment rocker may be recorded by a load sensor
such as a strain gauge mounted to the gauge wheel arm or other location through which the force

is transmitted, or by a load sensing pin incorporated in the row unit as is known in the art.

[0104] In other implementations, the monitor 50 may command a temporary change (e.g.,
reduction) in row unit downforce applied by the actuator 18 concurrently with (or before or after)
a commanded change in the extension of the actuator/motor 720, 800, 950, 1000, 1230, 1450,
1550, 1650, 1750, 1850, 1950, 1984 in order to permit the depth adjustment. The monitor 50
then preferably commands the row unit downforce applied by the actuator 18 to return to its

previously commanded level.

[0105] 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.
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CLAIMS

1. An agricultural row unit, comprising:
a row unit frame configured to open a furrow having a furrow depth,;
a depth adjustment assembly configured to modify said furrow depth, said depth
adjustment assembly comprising:
a first depth adjustment sub-assembly configured to select one of a plurality of
pre-selected furrow depths;
a second adjustment sub-assembly configured to modify at least one of said

plurality of pre-selected furrow depths.

2. The agricultural row unit of claim 1, wherein said first depth adjustment assembly
remains fixed at said pre-selected furrow depth, and said second adjustment sub-assembly

modifies an interaction of said first depth adjustment assembly with gauge wheel arms.

3. The agricultural row unit of claim 1, wherein said second adjustment sub-

assembly adjusts a distance between said first depth adjustment assembly and a rocker.

4. The agricultural row unit of claim 3, wherein said second adjustment sub-
assembly comprises an actuator disposed at a first end on said first depth adjustment assembly

and at a second end on said rocker.

5. The agricultural row unit of claim 1, wherein said second adjustment sub-

assembly adjusts an angle between a pivot and a rocker.

6. The agricultural row unit of claim 5, wherein said second adjustment sub-
assembly comprises and actuator disposed at a first end on said first depth adjustment assembly

and at a second end on said rocker.

7. The agricultural row unit of claim 1, wherein said second adjustment sub-

assembly adjusts an angle between said first depth adjustment assembly and a rocker

8. The agricultural row unit of claim 1, wherein said rocker is attached to a cam, said
cam pivoting about a pivot, said second adjustment sub-assembly comprises a drive screw

driving a drive member that pivots said cam about said pivot.3
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0. The agricultural row unit of claim 8, wherein said drive member further

comprises a cog that engages with teeth on said cam.

10. The agricultural row unit of claim 8, wherein said cam further comprises a cog

that engages with teeth on said drive member.

11.  The agricultural row unit of claim 8, wherein said cam further comprises a roller

that engages with a sloped side on said drive member.

12.  The agricultural row unit of claim 1, wherein said second adjustment sub-

assembly adjusts a distance between a rocker and a gauge wheel arm.

13.  The agricultural row unit of claim 12, wherein said second adjustment sub-
assembly comprises a member pivotably connected to said gauge wheel arm and an actuator
disposed on said gauge wheel arm, wherein said actuator moves said member to change a

distance between said member and said gauge wheel arm.

14.  The agricultural row unit of claim 12, wherein said second adjustment sub-
assembly comprises a depth adjustment member that is slidingly fixed to said gauge wheel arm
and has a sloped surface that contacts said rocker, and wherein said depth adjustment member is

driven by an actuator.

15.  The agricultural row unit of claim 14, wherein said second adjustment sub-
assembly further comprises a first biasing member connected to said depth adjustment member
and to a second plate, and said actuator connected to said second plate and a first plate for

adjusting a distance between said first plate and said second plate.

16. The agricultural row unit of claim 15 further comprising a second biasing member

disposed between and connected said first plate and said second plate.

17.  The agricultural row unit of claim 1, wherein said second adjustment sub-

assembly adjusts a shape of a rocker.
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18.  The agricultural row unit of any one of claims 3 to 17, wherein said first depth
adjustment assembly further comprises an actuator to adjust a position of said first depth

adjustment assembly.

19. An agricultural row unit, comprising:
a row unit frame configured to open a furrow having a furrow depth,;
a depth adjustment assembly configured to modify said furrow depth, said depth
adjustment assembly comprising:
a depth adjustment body fixed to the row unit frame and operatively connected to
a gauge wheel arm;
an adjustment sub-assembly configured to modify furrow depth by modifying the

upward travel of said gauge wheel arm.

20. The agricultural row unit of claim 19 further comprising a rocker connected to
said depth adjustment body, and said rocker contacting said gauge wheel arm, wherein said
adjustment sub-assembly modifies a position of said rocker to modify the upward travel of said

gauge wheel arm.

24-



PCT/US2017/018269
1/42 CT/US /

WO 2017/143121

1
\
P T T T 0T T T U S S5 o0 o3

01




WO 2017/143121 PCT/US2017/018269
2/42 CT/US /

N N

)

52-2

Y
C
O
Q
\
15

N

=

0
56-2

FI1G. 2

54-2

90



WO 2017/143121 PCT/US2017/018269
3/42 CT/US /

u a

FIG.3

90

a
o
Nl

C



4/42




WO 2017/143121 PCT/US2017/018269
5/42 CT/US /

N N

90

54-2

FIG. 5

56-2
42

40



WO 2017/143121 PCT/US2017/018269
6/42 CT/US /

N N

98

Py

r

99-2
99 1—§
a
a—

] 14

/ a /

0
~

FIG. 6



2017/143121 PCT/US2017/018269
WO / 7/42 CT/US /

- ]
L T3]
ain

—
Ny

L7

760
775
770

FI1G. 7

730

740

QA
99-2 ’



WO 2017/143121 PCT/US2017/018269
8/42 CT/US /

a N

54-2




WO 2017/143121 PCT/US2017/018269
9/42 CT/US /

- N

54-1

N
AWl

D

950

1 O

90C \
oLz fF——0o
900 )
FIG. 9

54-2
910-2

10



PCT/US2017/018269

10/42

WO 201

01 "DId




WO 2017/143121

—

11/42

PCT/US2017/018269

FIG. 10A



PCT 2017/018269
12/42 CT/US2017/

WO 2017/143121

L1 "DId

BAIBS
ElEp [i0S
S¥E

WSPO ]

JETNES)
0g€

SSALIQ
SlE

SIoSuSs SSARA
aniojuMoQg dojumo(
76¢ 06¢
m;wﬁOUCW SJosUSS SIOSuUasS
siosuss yidaq 1ojenoe aimessdws | 3IMSIoN
<9 Ypdag 09¢ 05¢
8<
SIOSUSS Paag sIosuss
w,qmnvmm Aiagonpuod siosuss d
ERIhinCI B i
siojenioe ot a5t
juswisn fpe
SN yidaq SIOSUSS 24n1SIoW
ote 08¢ Yidap-pucdas
1433 00€




PCT 2017/018269
13/42 CT/US2017}

WO 2017/143121

d06




PCT 2017/018269
14/42 CT/US2017}

WO 2017/143121

Y1 OIA

el "Old




PCT 2017/018269
15/42 CT/US2017}

WO 2017/143121

—

YET "DIA
O
g6
va—. _\uo.\lvw
26
ovl = ozvl
0 X b6l
Z-0iv) Z
omi\\ 6
Loyl 2 0lvl
covl 2
C % N N 2 B 2
J IS
16
1-66

/ 106

ogvl

mml\



16/42 PCT/US2017/018269

WO 2017/143121

[}
o}
<
3

FIG. 13B



WO 2017/143121

T 1T

99-1

!

17/42

1550

1570-2
1560

!

o

Wl
S

-

PCT/US2017/018269

—

FIG. 14A




PCT 2017/018269
18/42 CT/US2017}

WO 2017/143121

—

dv1 "DIAd
C
G6
Z6
0961 = 0zs1 .,
Z-0/G1 2!
2 16
0€S1 Z
cogL 2 0lS1L
T AT T 1T T 1 2
)N
16
1-66 /
\ 506
. 05G1



WO 2017/143121 PCT/US2017/018269
/ 19/42 CT/US /

15

FIG.

“
-
<t
©
b

“r
-
<t
©
-

90H



20/42 PCT/US2017/018269

WO 2017/143121

—

VG1 "Old

crs




21/42 PCT/US2017/018269

WO 2017/143121

[ aer pu




WO 2017/143121 PCT/US2017/018269
/ 22/49 CT/US /

FIG. 16

o
&



WO 2017/143121

1750

1730

1799

1798

PCT 2017/018269
23/42 CT/US2017/

R
o N
© )
=
RN
-
<t N
N I~
P~
C'D\— ;
q—
P~
-

1720

90l



24/42 PCT/US2017/018269

WO 2017/143121

_|| 497 "OLd

L1000 A

0cll

oLLlL
oLl

TIPLL~ R, /
‘ 106

-—-86.1

osL \ 0Ll ‘

081



PCT/US2017/018269

791 5L ast "OIld

25/42

]
\\
6 . [[[[[[[ L-#S
.......... LpLLL
\.\
—--SlL
R

WO 2017/143121

_m/ 1-91/1
L-1bL1
L-0b .1

~~_86/1

0l
S~ ro6 \\

66.1 ‘ 661 —=




PCT 2017/018269
26/42 CT/US2017/

WO 2017/143121

d9T "IId

b-vS

¢ChLLlL —

brLLL

¢9LLL

(0]
(0]
P~
-—
/

-l-cllL

L-OLZL

|
N SOOI N NP S —

)

T~-8641

— %7 LyLL
L-OvLL



PCT 2017/018269
27/42 CT/US2017}

WO 2017/143121

—

AT "Old




PCT 2017/018269
28/42 CT/US2017}

WO 2017/143121

—

V4T "OIdA

268l

7681

G681




PCT 2017/018269
20/42 CT/US2017/

WO 2017/143121

81 "OId

oclt

66.1L

8611

405,

~— MO06

o
=
M~
X

L-¥S

- 0LLL

cLyll \m

| I

L-SLLL

covlL \

[
N ISR RGNV VN N ——

I

e

66LL — 1=




V61 "OIA

PCT 2017/018269
30/42 CT/US2017/

WO 2017/143121

6611

— —
S N SR N
,// o \\\_
AN Ve
DAy
Vo b7
||||||||| V|_ ~I\||||||||||
| I “—
|||||||||| - S
] i
| {
o
—
] I
%
L-9LLL
i 1 —
| |
| |
| |
_ L
| |
— L
L
Lo
. Lyl
| |
N 10721
RN
AS

T~-86/11




WO 2017/143121 PCT/US2017/018269
/ 31/42 CT/US /

—

20A

L ]

. @)

PRt \ \ g
=




PCT 2017/018269
32/42 CT/US2017}

WO 2017/143121

FIG. 20B



WO 2017/143121 PCT/US2017/018269
/ 33/42 CT/US /

FIG. 20C



WO 2017/143121 PCT/US2017/018269
/ 34/42 CT/US /

/ 90M

FIG. 20D



WO 2017/143121 PCT/US2017/018269
/ 35/42 CT/US /

FIG. 20E



WO 2017/143121

1930

36/42

1941-1

(\_l—'

1940-1

Nl

L]

PCT/US2017/018269

/ 90M

1941-2

1940-2

1IN

1~ 19132

1996 — [

FIG. 20F



WO 2017/143121 PCT/US2017/018269
/ 37/42 CT/US /

J
’l““"-n - i gl Vi 1916-2

1910

FIG. 20G
L



PCT 2017/018269
38/42 CT/US2017}

WO 2017/143121

o
™
e
o
@

20H

FIG.



WO 2017/143121 PCT/US2017/018269
/ 39/42 CT/US /

|_— FIG. 20I



40/42

FIG. 20J



41/42 PCT/US2017/018269

WO 2017/143121

FIG. 20K



WO 2017/143121 PCT/US2017/018269
/ 42/42 CT/US /

1916-2

FIG. 21



INTERNATIONAL SEARCH REPORT International application No.
PCT/US 17/18269

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - AO1B 79/00, AO1C 7/00, AO1C 7/04, AC1C 11/00, A0O1C 14/00, A0O1C 15/00 (2017.01)
CPC - AQ1B 79/00, AO18B 79/005, A01C 7/04, AO1C 7/08, AO1C 7/10, A01C 7/102, A01C 7/105, AO1C
7/201, A01B 63/00, AO1B 63/002, A01B 63/008

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

See Search History Document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History Document

Electronic data base consulted during the intermational search (name of data base and, where practicable, search terms used)
See Search History Document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2015/0289438 A1 (Sauder et al.) 15 October 2015 (15.10.2015) entire document, especially | 1-2, 19-20
Title, Abstract, figs. 1-6, para[0017]-[0020].
A US 2008/0087205 A1 (Wendte et al.) 17 April 2008 (17.04.2008) entire document. 1-2, 19-20
A US 2013/0104785 A1 (Achen et al.) 02 May 2013 (02.05.2013) entire document. 1-2, 19-20
A US 2015/0351311 A1 (Johnson et al.) 10 December 2015 (10.12.2015) entire document. 1-2, 19-20
A US 2014/0191857 A1 (Sauder et al.) 10 July 2014 (10.07.2014) entire document. 1-2, 19-20
l:l Further documents are listed in the continuation of Box C. |:| See patent family annex.
*  Special categories of cited documents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or afier the international “X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L” d_ocgment wl:,il(;hhmﬁy thrg]vy dqubt; on prfiority hclairrp(s),or whicl;]is step when the document is taken alone
cited to establish the publication date of another citation or other «y»  yocyment of particular relevance; the claimed invention cannot be
special reason (a.s specified) . L considered top involve an inventive step when the document is
“Q” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art

“P” document published prior to the international filing date but later than  « g

the priority date claimed document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
19 June 2017 O 7 J UL 2017
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young
P.O. .BO)‘( 1450, Alexandria, Virginia 22313-1450 PCT Helpdask: §71-272.4300
Facsimile No.  571-273-8300 PCT OSP: 571-272-7774

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



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 17/18269

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:

1. D Claims Nos.:

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

2. I:l 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 intemational 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. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international ap?lication, 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 I: Claims 1-2, 19-20, directed the second adjustment sub-assembly modifying an interaction of the first depth adjustment
assembly with a gauge wheel arm, said first depth adjustment assembly remaining fixed at a pre-selected furrow depth. (fig.8)

Group II: Claims 1, 3-4, 18 directed to the second sub-assembly adjusting the distance between the first depth adjustment assembly and
a rocker. (fig.7)

Group llI: Claims 1, 5-7, 18 directed to the second adjustment subassembly adjusting an angle between a pivot and a rocker. (fig. 10)

-*- See Extra Sheet -*-

1. D 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:] 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. m 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.:
1-2, 19-20

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.
D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:l No protest accompanied the payment of additional search fees.
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-*- Continuation of Box lll Observations where unity of invention is lacking-*-

Group IV: Claims 1, 8-11, 18 directed to the second adjustment sub-assembly comprising a drive screw driving a drive member that
pivots a cam about a pivot. (figs. 13A, 14A, 14B)

Group V: Claims 1, 12-16, 18 directed to the second adjustment subassembly adjusts a distance between a rocker and a gauge wheel
arm. (fig. 12)

Group VI: Claims 1, 17, 18 directed the second adjustment subassembly adjusting a shape of a rocker. (fig. 9)
-*-Claim 1 is generic to Groups |-VI and Claims 18 is generic to Groups II-VI.-*-

The inventions listed as Groups |-VI 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

Groups |-V share the generic special technical features of Claim 1. Groups |-V| are different species of the generic Claim 1, each
species having different special technical features that are not common to any other species. Each of the special technical features of
each species (group's I-VI) is provided in the group descriptions above. None of the special technical features are common to the other
species, nor do they correspond to a special technical feature in the other species.

Common Technical Features

The only technical features shared between Groups |-Vi is an agricultural row unit, comprising:

a row unit frame configured to open a furrow having a furrow depth;

a depth adjustment assembly configured to modify said furrow depth, said depth adjustment assembly compnsmg

a first depth adjustment sub-assembly configured to select one of a plurality of pre-selected furrow depths;

a second adjustment sub-assembly configured to modify at least one of said plurality of pre-selected furrow depths, which does not
provide any contribution over the prior art as it is anticipated by US 2015/0289438 A1 to Sauder et al. (hereinafter “Sauder”).

Sauder teaches an agricultural row unit (10; fig. 2; Title; Abstract), comprising:

a row unit frame (14) configured to open a furrow having a furrow depth (para[0017]);

a depth adjustment assembly (90; fig.2) configured to modify said furrow depth, said depth adjustment assembly comprising:

a first depth adjustment sub-assembly (98, 97; figs. 5-6; para[0019]) configured to select one of a plurality of pre-selected furrow depths
(see slots 97; fig. 6; para[0019]);

a second adjustment sub-assembly (see rocker 95; fig. 4-5) configured to modify at least one of said plurality of pre-selected furrow
depths (see para[0019]; wherein rocker 95 impinges on the gauge wheels to alter the depth of a gauge wheel when encountering an
obstruction).

As the common features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Therefore, Groups |-Vl lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.
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