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AGRICULTURAL TOOLBAR APPARATUS, SYSTEMS AND METHODS
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
61/493,158, filed June 3, 2011.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] FIG. 1A is a generally rearward perspective view of an embodiment of a toolbar in a

transport position.

[0003] FIG. 1B is a generally rearward perspective view of the toolbar of FIG. 1A in a work

position.

[0004] FIG. 1C is a generally rearward perspective view of the toolbar of FIG. 1A in an

intermediate position.

[0005] FIG. 2A is a top view of the toolbar of FIG. 1A in a transport position.

[0006] FIG. 2B is a top view of the toolbar of FIG. 1A in a work position.

[0007] FIG. 2C is a top view of the toolbar of FIG. 1A in an intermediate position.
[0008] FIG. 3A is a side elevation view of the toolbar FIG. 1A in a transport position.
[0009] FIG. 3B is a side elevation view of the toolbar of FIG. 1A in a work position.

[o010] FIG. 4A is a generally rearward perspective view of an embodiment of a toolbar

mount.
[0011] FIG. 4B is a rear clevation view of the toolbar mount of FIG. 4A.
[0012] FIG. 4C is a generally forward perspective view of the toolbar mount of FIG. 4A.

[0013] FIG. 5A is a partial top view of the folding frame of the toolbar of FIG. 1A.
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[0014] FIG. 5B is a generally rearward partial perspective view of the folding frame of the
toolbar of FIG. 1A.

[0015] FIG. 6A is partial top view of the toolbar of FIG. 1A in a left-turn work position.
[0016] FIG. 6B is a partial top view of the toolbar of FIG. 1A in a right-turn work position.
[0017] FIG. 7A is a side elevation view of a conventional three-point hitch.

[0018] FIG. 7B is a side elevation view of a toolbar mount in combination with a modified

three-point hitch.

[0019] FIG. 7C is a side elevation view of a modified toolbar mount in combination with a
three-point hitch of FIG. 7A.

[0020] FIG. 8A is a partial perspective view of the folding frame joint of the toolbar of FIG.
1A.

[0021] FIG. 8B is a partial top view of the folding frame joint of the toolbar of FIG. 1A.

[0022] FIG. 8C is a partial cross-sectional view of the folding frame joint of the toolbar of
FIG. 1A along the section A-A indicated in FIGs. 8A and 8B.

[0023] FIG. 9A is a perspective view of the transport hitch of the toolbar of FIG. 1A.
[0024] FIG. 9B is a top view of the transport hitch of the toolbar of FIG. 1A.

[0025] FIG. 9C is a side elevation view of the transport hitch of the toolbar of FIG. 1A.
[0026] FIG. 10 is a rear elevation view of the transport latch of the toolbar of FIG. 1A.

[0027] FIG. 11 illustrates an embodiment of a process for folding a toolbar from a work

position to a transport position.

[0028] FIG. 12 illustrates an embodiment of a process for folding a toolbar from a transport

position to a work position.



WO 2012/167258 PCT/US2012/040756

3
[0029] FIG. 13 schematically illustrates an embodiment of a toolbar control system.
[0030] FIG. 14 is a side elevation view of an embodiment of a planter row unit.

[0031] FIG. 15 is a schematic illustration of a side elevation view of a portion of a tractor

and an embodiment of a planting implement including a planter row unit and a lift assist wheel.

[0032] FIG. 16 illustrates an embodiment of a process for transferring weight between a

tractor and a toolbar.

[0033] FIG. 17 illustrates another embodiment of a process for transferring weight between a

tractor and a toolbar.

[0034] FIG. 18 illustrates an embodiment of a process for controlling the height of a toolbar.
[0035] FIG. 19A schematically illustrates a toolbar height control scenario.

[0036] FIG. 19B schematically illustrates another toolbar height control scenario.

[0037] FIG. 19C schematically illustrates another toolbar height control scenario.

[0038] FIG. 20 illustrates an embodiment of a toolbar height control lookup table.

[0039] FIG. 21 illustrates another embodiment of a process for controlling the height of a

toolbar.

[0040] FIG. 22 illustrates an embodiment of a center section height control loop and an

embodiment of a wing section height control loop.

[0041] FIG. 23 illustrates an embodiment of a combined height control loop for a center

section and a wing section.

[0042] FIG. 24 illustrates another embodiment of a process for transferring weight between a

tractor and a toolbar.

[0043] FIG. 25 illustrates another embodiment of a process for transferring weight between a
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tractor and a toolbar based on an operator command.
DESCRIPTION
Overview

[0044] Referring now to the drawings, wherein like reference numerals designate identical or
corresponding parts throughout the several views, FIGs. 1A and 1B are perspective views of an
agricultural toolbar 10 in a transport position and a work position, respectively. FIG. ICisa
perspective view of an intermediate position between the work and transport positions. Toolbar
10 includes a mount 200, a folding frame 400, and a rear section 500. Mount 200 is attached to a
tractor or other draft vehicle. In the work position, rear section 500 is attached to the mount 200
by a work hitch 300. In the transport position, the folding frame 400 is attached to the mount
200 at a transport hitch 490. In operation, the toolbar 10 is moved from the transport position to
the work position by collapsing the folding frame 400 and attaching the rear section 500 to the
work hitch 300. The toolbar 10 is moved from the work position to the transport position by
detaching the rear section 500 from the work hitch 300 and unfolding the folding frame 400.
Comparing FIGs. 1A and 1B, it should be appreciated that in the transport position, the
transverse profile of toolbar 10 is substantially narrower than in the work position. The greatest
transverse width of the toolbar 10 in the transport position, including any attached tools, is
preferably within the allowable width permitted by applicable regulations for over-the-road

transport.

Ground-engaging tools and wheels

[0045] As best illustrated in FIG. 5B, tools may be fixed to a center bar 520 of the rear
section 500 and to wing sections 410 of the folding frame 400 by mounting hole arrangements
440, or by U-bolts or other mounting structure known in the art. The tools may comprise planter
row units (such as disclosed in FIG. 1 of Applicant’s co-pending U.S. Patent Application No.
12/679,710, the disclosure of which is hereby incorporated herein in its entirety by reference),
seed drill row units, soil tillage tools, or other crop input units or ground-working tools known in
the art. Lift-assist wheel assemblies 1500 (not shown in FIG. 5B, functionally similar to the lift-

assist wheel assembly 1500 illustrated in FIG. 15) are preferably mounted to mounting brackets
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540 mounted to the center bar 520. Mounting brackets 540 preferably include mounting hole
arrangements for the installation of the lift assist wheel assemblies. Wing wheel assemblies (not
shown) such as those generally designated by reference numerals 56 and 60 in U.S. Patent No.
7,469,648, the disclosure of which is hereby incorporated herein in its entirety by reference, may
also be mounted at mounting hole arrangements 440 at or near the outboard ends of wing
sections 410. It should be appreciated that in some embodiments and operating modes, such
tools and wheels engage the ground, imposing generally vertical loads on the center bar 520 and

the wing sections 410.

[0046] Lift assist wheels 1550 (FIG. 15) may be mounted in a castering fashion (as
illustrated in U.S. Patent No. 4,026,365, the disclosure of which is incorporated herein in its
entirety by reference) such that each lift assist wheel may pivot about a generally vertical axis
during operation. It should be appreciated in light of this disclosure that such castering lift assist

wheels 1550 permit turning of the toolbar 10 around smaller radii.

Toolbar components

[0047] Referring to FIGs. 2A and 2B, the toolbar 10 is illustrated from a top view in its
transport position and working position, respectively. FIG. 2C is a top view of the toolbar 10 in
an intermediate position between the transport and working positions. Folding frame 400
includes transport hitch 490, inboard draft bars 405, outboard draft bars 415, the wing sections
410 and pivot bars 420. The inboard draft bars 405 are pivotally mounted to the transport hitch
490 for pivoting about a generally vertical axis. The outboard draft bars 415 are pivotally
mounted at a first end to the inboard draft bars 405 for pivoting about a generally horizontal axis.
Relative pivoting of the draft bars 405,415 is preferably selectively lockable as described later
herein. The outboard draft bars 415 are pivotally mounted at a second end to wing sections 410
for pivoting about a generally vertical axis. Wing sections 410 are pivotally mounted to pivot
bars 420 for pivoting about a generally horizontal axis. The rear section 500 includes the center
bar 520, to which the pivot bars 420 of the folding frame 400 are pivotally mounted for pivoting
about a generally vertical axis. In operation, the folding frame 400 is preferably reconfigured
from the transport position to the work position by pivoting the wing sections 410 and the draft

bars 405,415 in an outboard direction until the wing sections are in substantially parallel or near-
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paralle] alignment along a direction substantially transverse to the direction of travel. The
folding frame 400 is preferably unfolded from the work position to the transport position by
pivoting the wing sections 410 and the draft bars 405,415 in an inboard direction until the wing
sections are in generally parallel or near-parallel alignment along a direction substantially

parallel to the direction of travel.

[0048] Wing fold cylinders 424 are pivotally mounted at a first end to center bar 520 and at a
second end to pivot bar 420. Wing fold cylinders 424 are preferably dual-acting hydraulic
cylinders capable of collapsing and unfolding the folding frame 400 as described herein by
pivoting the wing sections 410 relative to center bar 520. The fluid control system 1330
preferably controls the wing fold cylinders 424 in a flow control mode, e.g., using a flow control

valve 1334 incorporated in the fluid control system 1330.

[0049] It should be appreciated that where the toolbar 10 includes substantially equivalent or
mirror-image left- and right-hand components, the left-hand components generally correspond to
a reference numeral with the suffix “-1” and the right-hand components generally correspond to
the same reference numeral with the suffix “-2.” Both the left- and right-hand components may

be collectively referenced herein by the reference numeral without either suffix.

Folding frame components

[0050] The transport hitch 490 is illustrated in more detail in FIGs. 9A-9C. Each inboard
draft bar 405 is mounted to a respective clevis 491. The clevises 491 are both pivotally coupled
to a pin 498. Pin 498 is rotatably housed within an inner surface of a pin boss 493. A hitch bar
495 is pivotally coupled to an outer surface of the pin boss 493. Specifically, the hitch bar 495
preferably includes upper and lower surfaces having apertures that pivotally engage the pin boss
493. The upper and lower surfaces of hitch bar 495 also include tips 496 which extend between
the clevises 491, limiting the relative rotation of the inboard draft bars 405 to the extreme
position best viewed in FIG. 9B. Bosses 494 are mounted to the pin 498 and hold the clevises
491 in vertically spaced relation. A pin flag 499 is preferably mounted to an upper surface of pin
498 and attached to clevis 491-1, preventing pin 498 from rotating relative to clevis 491-1. A
lunette ring 492 is mounted to hitch bar 495.
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[0051] As best viewed in FIGs. 3A and 3B, lunette ring 492 engages a pintle hitch 250,
which is mounted to the mount 200. Thus in the transport position, mount 200 draws the toolbar
10 by the lunette ring 492. It should be appreciated that in the transport position, the coupling
between the pintle hitch 250 and lunette ring 492 allows pivoting between the mount 200 and the
folding frame 400 about a generally vertical axis, but also allows the mount and folding frame to

pivot relative to one another about a generally horizontal axis.

[0052] The right-hand components of the foldable frame 400 are illustrated in more detail in
the work position in FIGs. 5A and 5B. The inboard draft bar 405 and outboard draft bar 415 are
joined at a joint 433. Joint 433 constrains the draft bars 405,415 to pivot relative to one another
about a substantially horizontal axis 417. The pivot bar 420 and the wing section 410 are joined
at a joint 423. The joint 423 constrains the wing section 410 and the pivot bar 420 to pivot
relative to one another about a substantially horizontal axis 412. Axis 417 and axis 412 are
preferably substantially parallel to one another. Moreover, axis 417 and axis 412 are preferably
substantially collinear with one another. Because axes 417,412 are substantially collinear, the
wing section 410 is allowed to pivot about joint 423 in the work position without interference.
Thus as the toolbar 10 traverses the field, the wing section 410 may be raised or lowered relative

to center bar 520 in response to changes in terrain.

[0053] Joint 433 is illustrated in more detail in FIGs. 8 A-8C, in which a latch hook 434 and
an actuator 432 (both described herein with respect to FIG. 5B) are not shown for clarity. As
best seen in the cross-sectional view of FIG. 8C, joint 433 includes a pin 450, an inboard boss
458, and outboard bosses 455,456. Pin 450 is pivotally mounted within bosses 455,456,458.
Inboard draft bar 405 includes hinge plates 465,466 which are preferably pivotally coupled to
inboard boss 458. Outboard draft bar 415 is coupled to outboard bosses 455,456. Outboard draft
bar 415 also includes hinge plates 461,462 which are coupled to the outboard bosses 456,455,
respectively. A pin flag 468 is preferably mounted to one end of pin 450 and to hinge plate 461,
preventing pin 450 from rotating relative to outboard draft bar 415.

[0054] It should be appreciated that pin 450 defines the axis 417 illustrated in FIG. 5A. Thus
it is the orientation and position of pin 450 with respect to axis 412 that allows the outboard draft

bar 415 and the wing section 410 to pivot simultaneously without interference. For example, if
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embodiments in which draft bars 405,41 5 are substantially parallel with wing section 410 and
pivot bar 420 in the work position, pin 450 is preferably substantially co-axial with bosses
455,456,458.

[0055] When toolbar 10 is in the transport position or reconfiguring from the work position
to the transport position, joints 423 or joints 433 are preferably locked to prevent the folding
frame 400 from collapsing. Joint 423 may be locked by preventing extension or retraction of an
actuator 428, described elsewhere herein, using an external locking mechanism (not shown).
Joint 433 is preferably locked using latch hook 434 (best seen in FIG. 5B, in which actuator 428
is not shown for clarity). Latch hook 434 is pivotally mounted to the inboard draft bar 405 and
releasably latches outboard draft bar 415. In transport, the latch hook 434 is generally in
compression preventing joint 433 from moving downward. However, if loads acting on joint
433 bias joint 433 upward, the latch hook 434 is placed in tension. Latch hook 434 is preferably
selectively engaged and disengaged using an actuator 432. Actuator 432 is pivotally mounted at
a first end to the inboard draft bar 405 and at a second end to the latch hook 434. Actuator 434 is
preferably a dual-acting hydraulic cylinder. Extension of the actuator 432 disengages the latch
hook 434, allowing the draft bars 405,415 to pivot relative to one another. Retraction of the
actuator 432 engages the latch hook 434, preventing the draft bars 405,415 from pivoting relative

to one another.

[0056] Continuing to refer to FIG. 5B, pivot bar 420 is pivotally mounted to center bar 520
by a clevis 422. Clevis 422 is mounted to center bar 520 at a pin 421. Pin 421 constrains the
pivot bar 420 to rotate with respect to center bar 520 about a substantially vertical axis. As
illustrated in FIGs. 1A and 2A, in the transport position, clevis 422 engages center bar 520 such
that the pivot bars 420 do not pivot relative to center bar 520.

[0057] It should be appreciated that relatively large stresses may be imposed on pin 421 as
varying vertical loads are imposed on center bar 520 and pivot bar 420. Thus the toolbar 10
preferably includes features that partially relieve these stresses from the pin 421. In the work
position, referring to FIG. 5B, pivot bar 420 preferably includes a stop pocket 426 and center
section 520 preferably includes a roller 525. When reconfiguring from the transport position to

the work position, the roller 525 preferably engages the stop pocket 426. Stop pocket 426
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preferably includes upper and lower chamfered surfaces to guide the roller 525 into the stop
pocket. If the center bar and pivot bar pivot vertically relative to one another beyond a threshold
amount, the roller 525 contacts the stop pocket 426 such that a portion of the deflection load
shifts to the stop pocket and roller, reducing the load on the pin 421. In the transport position, és
best seen in FIG. 1A, each clevis 422 preferably engages the center bar 520 such that the load
required to maintain the relative position of the pivot bar 420 and the center bar is shared

between the pin 421 and the clevis.

[0058] In the work position, center bar 520 and wing section 410 may be pivoted about joint
423 using an actuator 428. Actuator 428 is pivotally mounted at a proximal end to pivot bar 420
and at a distal end to wing section 410. Actuator 428 is preferably a dual-acting hydraulic
cylinder. The fluid control system 1330 preferably controls the actuator 428 in a flow control
mode, e.g., using a flow control valve 1334 incorporated in the fluid control system 1330. Thus
the fluid control system is operable to modify the position (i.e., the degree of extension) of the
wing section actuator 428. Extension of actuator 428 will pivot the wing section 410 downward
relative to center bar 520. Likewise, retraction of actuator 428 will pivot the wing section 410
upward relative to center bar 520. It should be appreciated that the mounting positions of the

head end and rod end of actuator 428 may be reversed in other embodiments.
Work hitch

[0059] The work hitch 300 selectively retains the toolbar 10 in the work position. Referring
to the transport and work position side views of FIGs. 3A and 3B, rear section 500 includes a
saddle 510. Saddle 510 includes upper kingpin 512-1 and lower kingpin 512-2. Mount 200
includes upper kingpin latch 212-1 and lower kingpin latch 212-2. When the toolbar 10
reconfigures to the work position, the kingpin latches 212 preferably engage the kingpins 512.
As best illustrated in the perspective view of FIG. 4A, each kingpin latch 212 includes a pair of
pivot plates 216, each having a slot at a rearward end. A latch plate 214 is pivotally mounted
between each pair of pivot plates 216. An actuator 222 is pivotally connected at a forward end to
the mount 200 and pivotally connected at a rearward end to the latch plate 214. When the
toolbar 10 reconfigures from the transport position to the work position, the kingpins 512 are

received within the slots in pivot plates 216. Once toolbar 10 is fully in the work position, the



WO 2012/167258 PCT/US2012/040756

10

actuators 222 preferably retract, rotating the latch plates 214 and securing the kingpins 512, thus
retaining the toolbar 10 in the work position as the tractor moves forward. Before the toolbar 10
reconfigures from work position to the transport position, the actuators 222 preferably extend,
rotating the latches 214 to allow the kingpins 512 to move rearwardly from the slots in pivot
plates 216. It should be appreciated that other apparatus and methods for securing the toolbar 10
in the work position may be used in other embodiments. For example, the latch plates 250 may
include a spring-loaded hook portion allowing the kingpins 512 to enter the pivot plates 216 but
preventing them from withdrawing until the latch plates are rotated to disengage the kingpin
latches 212.

[0060] As best illustrated in FIGs. 3A and 3B, saddle 510 extends rearward of center bar 520
and preferably includes mounting structure for towing a trailing cart such as that disclosed in

U.S. Patent No. 5,485,797.

[0061] As best illustrated in FIGs. 6A and 6B, the work hitch 300 preferably allows the
frame 400 to pivot about the kingpins 512 while in the work position. Turning to FIG. 3B, in the
work position, pintle hitch 250 and lunette ring 492 are disengaged such that horizontal forces
are primarily imparted from the mount 200 to the frame 400 through the kingpins 512. Thus
when latched in the work position, upper kingpin 512-1 and lower kingpin 512-2 define a
generally vertical axis of rotation about which the mount 200 and frame 400 may pivot relative
to one another during operation. Thus although the mount 200 is integrally mounted to the
tractor, the tractor may turn about a certain minimum radius without turning the frame 400.
Returning to FIGs. 6A and 6B, it should be appreciated that if the tractor turns about the
minimum radius, the torque tube 205 (described herein with respect to FIG. 4A) will contact one
of the inboard draft bars 405. Thus in a preferred embodiment, either the inboard draft bars 405
or the torque tube 205 are provided with resilient stops 280 as illustrated in FIGs. 6A and 6B.
The stops 280 may comprise pads made of resilient material such as rubber, or may comprise
any apparatus configured to prevent damage to the toolbar 10. It should be appreciated that in
other embodiments, the torque tube may be shortened horizontally in order to allow the tractor to

turn freely about smaller radii.

[0062] The work hitch 300 preferably transfers vertical loads from the mount 200 to the
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folding frame 400 and thus to the tools mounted to the center bar 520 and wing sections 410.
Returning to FIGs. 3A and 3B, saddle 510 includes a weight transfer plate 515 having upper and
lower chamfered edges. When the toolbar 10 reconfigures the work position, the plate 515
passes between two thrust rollers 215 (best viewed in FIG. 4B) pivotally mounted to the mount
200. A lower thrust roller 215-1 is preferably disposed to rollingly contact the lower chamfered
surface of the plate 515. An upper thrust roller 215-2 is preferably disposed to rollingly contact
the upper chamfered surface of the plate 515. The upper and lower chamfered surfaces of the
plate 515 preferably lie 45 degrees from a vertical axis, while the upper and lower thrust rollers
515 are preferably angularly offset by 90 degrees. It should be appreciated that other
configurations of the plate and thrust rollers would also allow transmission of vertical loads

between the mount 200 and the frame 400.

[0063] Net downward forces imposed on the mount 200 may be imparted to the frame 400
through the contact surface between the upper thrust roller 215-2 and the upper chamfered
surface of the plate 515. Net upward forces imposed on the mount 200 may be imparted to the
frame 400 through the contact surface between the lower thrust roller 215-1 and the lower
chamfered surface of the plate 515.

[0064] As best viewed in FIG. 2A, the chamfered surfaces of the weight transfer plate 515
are preferably curved about a rearward generally vertical axis. Thus when the toolbar 10 is in the
work position, the mount 200 may rotate about the kingpins 512 (e.g., to the positions shown in
FIGs. 6A and 6B) while the plate 515 remains disposed between the upper and lower thrust
rollers 215.

Mount

[0065] The mount 200 is illustrated in further detail in FIGs. 3B and 4A-4C. Pintle hitch 250
is mounted to a torque tube 205. Side plates 219 are mounted in transversely spaced apart
relation to the torque tube 205. A hitch bar 242 is mounted to the side plates 219. A mast 210 is
mounted to the torque tube 205, preferably disposed between and substantially equidistant from
the side plates 219. Thrust rollers 21 5, kingpin latches 212, and actuators 222 are coupled to
mast 210, which extends both above and below the torque tube 205. A top link 220 is pivotally
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coupled to mast 210 at a joint 221. A mount cylinder 230 is pivotally coupled at a first end to the
mast 210 at a joint 217. Mount cylinder 230 is pivotally coupled at a second end to the top link
220 at a joint 218. Mount cylinder 230 is preferably a dual-acting hydraulic cylinder. It should
be appreciated in light of the instant disclosure that the mount cylinder 230 comprises a weight
transfer actuator operable to transfer weight between the tractor and the toolbar 10. Put
otherwise, the mount cylinder 230 transmits vertical forces between the tractor and the toolbar
10.

[0066] The mount 200 is preferably configured to be mounted to a three-point hitch. A prior
art three-point hitch 600, similar to that described in U.S. Patent No. 7,861,794, the disclosure of
which is hereby incorporated herein in its entirety by reference, is illustrated in FIG. 7A. The
hitch 600 includes a pair of transversely spaced draft links 610, a top link 620 disposed centrally
above the draft links, a pair of struts 630 and associated draft link cylinders 640 configured to
raise and lower the draft links. The combination of the mount 200 and the hitch 600 is illustrated
in FIG. 7B. To attach mount 200 to hitch 600, the top link 620 is preferably removed and the top
link 220 is attached at a joint 224. Struts 630 are preferably disengaged from draft links 610 and
preferably removed. Draft links 610 are then pivotally coupled to hitch bar 242.

[0067] In operation, the mount cylinder 230 may be retracted to raise the toolbar 10 relative

to the tractor, or extended to lower the toolbar relative to the tractor.

Transport latches

[0068] In a preferred embodiment illustrated in FIG. 10, the toolbar 10 includes transport
latches 480 to selectively hold the toolbar in the transport position. Transport latch 480 includes
a notched plate 413 pivotally mounted to outboard draft bar 415 at a pin 414. An actuator 416,
preferably a dual-acting hydraulic cylinder, is mounted to the wing section 410 and pivotally
coupled to notched plate 413. In operation, the actuator 416 is actuated to raise and lower the
notched plate 413 to selectively engage a pin 411 mounted to the wing section 410. When the
notched plate 413 is lowered to engage the pin 411, the wing section 410 and outboard draft bar
415 are prevented from pivoting away from one another, holding the folding frame 400 in the

transport position. In the illustrated embodiment, each transport latch 480 selectively latches
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outboard draft bar 415 to wing section 410, but it should be appreciated that similar
embodiments of latch 480 could selectively hold the toolbar in the transport position, for
example by latching inboard draft bar 405 to the wing section 410, by latching inboard draft bar
405-1 to inboard draft bar 405-2, or by latching outboard draft bar 415-1 to outboard draft bar
415-2.

Tools

[0069] As described elsewhere herein, the tools mounted to toolbar 10 may comprise planter
row units. One such embodiment is illustrated in FIG. 14, in which a planter row unit 1400 is
mounted to wing section 410 by a mounting bracket 13 installed to mounting hole arrangements

440 (FIG. 5B). It should be appreciated that similar row units may be mounted to center bar 520.

[0070] Row unit 1400 is supported from the planter frame or toolbar 10 by a parallel arm
linkage 14 extending between the wing section 410 and the row unit frame 16. A dead load
indicated by arrow 18 represents the dead load of the entire row unit, including the mass of an
opener disk assembly 20 (including opener discs 41 and gauge wheels 42), the frame 16, a seed
hopper 22, an insecticide hopper 24, a seed meter and seed tube, and the mass of any other
attachments or devices supported by the row unit frame 16. In addition, live loads corresponding
to the mass of the seed and insecticide stored within the hoppers 22,24 are represented by arrows

26 and 28, respectively.

[0071] A supplemental downforce 30 is also shown acting on the parallel arms 14. The
supplemental downforce 30 acts in a manner to either increase or decrease the total or overall
downforce on the row unit. The supplemental down force 30 is preferably applied by tool
downforce actuator 32. To achieve a static load balance, the dead load 18, the live loads 26,28
and the supplemental downforce 30 are resisted by the reactionary forces exerted by the soil
against the opener disk (opener disk load 38), the gauge wheels (the gauge wheel load 40) and
closing wheels 34 (the closing wheel load 36).

[0072] As is well understood by those of ordinary skill in the art, a depth adjustment
mechanism 44 is used to set the relative distance between the bottom of the opener disks 41 and

the bottom surface of the gauge wheels 42, thereby establishing the depth of penetration of the
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opener disks 41 into the soil surface.

Toolbar control system — overview

[0073] A control system 1300 for controlling the toolbar 10 is illustrated in FIG. 13. The
control system 1300 preferably includes a controller 1302, a fluid control system 1330, a folding
actuator system 1320, a weight transfer system 1310, a fluid power source 1335, an array of
position sensors 1340, a height control system 1350, a weight transfer sensor 1355 (FIG. 15), an

array of tool downforce actuators 32, and an array of height sensors 1360 (FIG. 14).

[0074] The controller 1302 is preferably in electrical communication with fluid control
system 1330. Fluid control system 1330 is in fluid communication with fluid power source

1335, folding actuator system 1320, weight transfer system 1310, height control system 1350 and
tool downforce actuators 32. Position sensors 1340 are preferably in electrical communication
with the controller 1302. Height sensors 1360 are preferably in electrical communication with
the controller 1302. The weight transfer sensor 1355 is preferably in electrical communication

with the controller 1302.

Toolbar control system — controller

[0075] The controller 1302 preferably includes a CPU 1305, a memory 1309 and a display
unit 1307 having a graphical user interface allowing a user to view information and enter
commands. In a preferred embodiment, the controller 1302 is an implement monitor such as that
disclosed in Applicant’s co-pending U.S. Patent Application No. 13/292,384, the disclosure of

which is hereby incorporated herein in its entirety by reference.

Toolbar control system — tool downforce actuators

[0076] Each tool downforce actuator 32 (FIG. 14) is preferably configured to increase or
decrease the vertical force between the toolbar 10 and a ground-engaging tool attached to toolbar
10.

[0077] In operation, the controller 1302 sends an individual command to the fluid control

system 1330 in order to apply a desired vertical force between each row unit 1400 and the
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toolbar 10. It should be appreciated that due to differences in soil conditions and other factors,
the desired and commanded vertical force may vary between tools and the vertical force applied

to each tool may vary over time.

Toolbar control system — inputs

[0078] Each height sensor 1360 is preferably configured to generate an electrical signal
related to the height of a ground-engaging tool relative to the toolbar 10. Referring to FIG. 14,
the height sensor 1360 may comprise a rotary potentiometer 1362 attached to a planter row unit
1400. The potentiometer 1362 is preferably coupled to a follower arm 1364 configured to
rollingly contact an upper surface of a parallel arm 14 and preferably biased downward against
the parallel arm. Thus as the row unit 1400 moves up and down relative to the toolbar 10, the
follower arm moves, causing a variation in an electrical signal generated by the potentiometer
1362. In other embodiments, other suitable devices monitor the relative vertical position of the
row unit 1400 and toolbar 10. For example, a string potentiometer could be mounted to row unit
1400 having a string attached to a parallel arm 14. In another embodiment, a position sensor
such as an LVDT displacement transducer could be incorporated with one or more tool
downforce actuators 32; the length of the tool downforce actuator 32 may then be used to
determine the angle of the parallel arms 14 relative to the toolbar 10. In still other embodiments,
as also illustrated in FIG. 14, a height sensor 1360 mounted to the toolbar 10 (e.g., to wing
section 410) may comprise a proximity sensor disposed to measure the distance between the

toolbar and the ground at the lateral position of the height sensor.

[0079] The signal from each height sensor 1360 is related to the ground-relative height of the
portion of the toolbar 10 to which the row unit incorporating the height sensor is mounted. (In
embodiments where a suitable height sensor is coupled directly to the toolbar, the signal is
related to the portion of the toolbar to which the height sensor is coupled.) A height sensor 1360
may be incorporated in every row unit 1400 mounted to toolbar 10. To accomplish the height
control method described herein with respect to FIG. 18, it is beneficial to incorporate a height
sensor 1360 on at least one row unit mounted to center bar 520 and on each at least one row unit
mounted to each wing section 410 because the wing sections 410 may flex relative to the center

bar. However, it is preferable to have multiple height sensors 1360 on each section of the bar
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(e.g., center bar 520 and each wing section 410) due to potential variation in soil topography
transverse to the direction of travel. For example, if a single height sensor 1360 is used at the
midpoint of wing section 410, the system may fail to detect a significant rise in soil elevation at
the distal end of wing section 410. In the most common variations in soil topography
encountered during field working operations, the outboard end of one wing section encounters an
area, often near the edge of a field. Put otherwise, it is relatively rare for the toolbar to encounter
a topographical feature that affects only the height of the center bar or the inboard ends of the
wing sections. Thus where a single height sensor 1360 is incorporated with a wing section row

unit, it is preferably located near the distal end of the wing section.

[0080] As described herein with respect to FIG. 14, the tool downforce actuator may
comprise a cylinder configured to supply a supplemental downforce 30 from toolbar 10 to a
planter row unit 1400. In such an embodiment, the commanded supplemental downforce 30
comprises an input to the toolbar control system 1300 representing the vertical force transmitted

between toolbar 10 and row unit 1400.

[0081] In the embodiment illustrated in FIG. 15, the weight transfer sensor 1355 is
preferably a suitable pressure sensor configured to measure the pressure in mount cylinder 230.
In some of such embodiments, the weight transfer sensor 1355 comprises a hydraulic pressure
transducer such as those manufactured by Link Engineering in Plymouth, Michigan. The mount
cylinder pressure comprises an input to the toolbar control system 1300 related to the vertical
force transmitted between the tractor and the toolbar 10. In other embodiments, the weight |
transfer sensor 1355 comprises a strain gauge mounted to the hitch 200 at a location bearing the
stress resulting from weight transfer between the tractor and the toolbar (e.g., on the top link
220). As illustrated in FIG. 7C, in some toolbar embodiments in which the toolbar is integrally
mounted to the three-point hitch by a modified hitch 200, the weight transfer sensor 1355 is
preferably a fluid pressure sensor configured to generate a signal related to the pressure in the
draft link cylinders 640. In such embodiments, the weight transfer sensor 1355 is preferably in
fluid communication with at least one of the draft link cylinders 640. As described elsewhere
herein, the weight transfer sensor 1355 is preferably in electrical communication with the

controller 1302 for communicating a signal related to the pressure in draft link cylinders 640.
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[0082] The position sensors 1340 may comprise any suitable set of devices for determining
the current position of the toolbar 10. In one embodiment, the position sensors 1340 may
comprise external linear displacement transducers incorporating Hall-effect sensors (such Model
No. SLH100 available from Penny & Giles in City of Industry, California) configured to
generate an electrical signal related to the position of an actuator. Such sensors may be
incorporated in the wing fold cylinders 424, mount cylinder 230, and wing section actuator 428,
as well as other actuators described herein. The controller 1302 may use position sensors 1340
to determine whether the toolbar 10 is in specified configurations appropriate for engaging and
disengaging the latches described herein. It should be appreciated that in some embodiments, the
position sensors 1340 are eliminated and the operator enters commands to the controller 1302

indicating when the toolbar 10 is in such configurations.

Toolbar control system — outputs

[0083] The folding actuator system 1320 includes the draft tube latch actuators 432, wing
fold cylinders 424, transport latch actuators 416, kingpin latch actuators 212, and wing wheel

actuators 1319 configured to raise or lower one or more wing wheels.

[0084] The weight transfer system 1310 includes lift assist actuators 1317 (FIG. 15)

configured to raise or lower one or more lift assist wheel assemblies 1500 attached to the toolbar.

[0085] The height control system 1350 includes the mount cylinder 230 and wing section

actuators 428.

Folding methods

[0086] In operation, the toolbar 10 preferably reconfigures from the work position to the
transport position according to a process illustrated in FIG. 11. At step 1105, the mount cylinder
230 is preferably fully retracted to raise the toolbar 10. At step 1110, lift assist actuators 1317
are preferably set to a maximum or high pressure such that the lift assist wheels 1550 (FIG. 15)
firmly engage the soil. At step 1115, the wing section actuators 428 are fully retracted to bring
wing sections 410 in parallel relation with center bar 520. At step 1120, the wing section

actuators 428 are preferably locked in the fully retracted state using suitable cylinder locking
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mechanisms such as those incorporated in the hydraulic lock-on-retract self-locking cylinders
available from PFA, Inc. in Germantown, Wisconsin. At step 1125, the draft bar latch actuators
432 are retracted to latch the draft bars 405,415. At step 1130 the wing wheel actuators 1319 are
extended such that the wing wheels firmly engage the soil. At step 1135, the kingpin latch
actuators 222 are extended to disengage the kingpin latches 212, freeing the kingpins 512 and
allowing the rear section 500 to be moved backward relative to the mount 200. At step 1140, the
wing fold cylinders 424 are extended, folding the wing sections 410 and draft bars 405,415
toward substantial alignment along a direction parallel to the direction of travel. At step 1145,
the operator may drive the tractor forward to simultaneously assist the folding process of step
1140, but the operator may also leave the tractor in place or simply allow it to roll as needed
during step 1140. At step 1150, once the wing fold cylinders 424 are fully extended and the
folding frame is in the transport position, the transport latch actuator 416 is preferably retracted

to engage transport latch 480, retaining the folding frame in the transport position.

[0087] In operation, the toolbar 10 preferably reconfigures from the transport ‘position to the
work position according to a process illustrated in FIG. 12. At step 1205, the transport latch
actuator 416 is extended to disengage transport latch 480, freeing the wing sections 410 and the
draft bars 405,415 to pivot relative to one another in a substantially horizontal plane. At step
1210, the operator may optionally begin to drive the tractor backward but may also keep the
tractor in place or allow the tractor to roll as needed. At step 1215, the wing fold cylinders 424
are retracted, folding the wing sections 41 and draft bars 405,415 toward substantial alignment
along a direction transverse to the direction of travel. At step 1220, once the kingpins 512 are
situated within kingpin latches 212, the kingpin latch actuators 222 are retracted, engaging the
kingpin latches to hold the rear section 500 in place and retain the folding frame 400 in the work
position. At step 1225, the wing wheel actuators 1319 are preferably retracted, raising the wing
wheels off the ground. At step 1230, the draft bar latch actuators 432 are extended to unlatch the
draft bars 405,415. A step 1235, wing section actuators 428 are unlocked, allowing wing
sections 410 to pivot relative to center bar 520 in a substantially vertical plane. At step 1245, lift
assist actuators 1317 are preferably set to a low pressure. At step 1250, the mount cylinder 230

is extended from its retracted position, lowering the toolbar 10 into the work position.
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Height control methods

[0088] Where planter row units 1400 (FIG. 14) are used in conjunction with toolbar 10, it is
desirable to maintain a constant height of toolbar 10 relative to the soil such that the parallel
arms 14 are substantially parallel to the ground in order to improve the smoothness of the row
unit ride as the planter traverses the field, thereby improving seed placement accuracy. In
operation, such height control may be accomplished using the height control system 1350 (FIG.
13) and height sensors 1360. Using toolbar 10 as an exemplary frame embodiment, the height of
the center bar 520 and wing sections 410 relative to the ground may be separately controlled to

account for variations in soil topography.

[0089] One such height control method is illustrated in FIG. 18. At step 1805, the height of
center bar 520 is determined using height sensor 1360 incorporated in a row unit 1400 mounted
to the center bar 520. At step 1810, the controller 1302 determines whether the center bar height
is within a desired range. Ifit is not, at step 1815 the controller 1302 commands an adjustment
in mount cylinder position tending to bring the center bar height within the desired range. For
example, in the embodiment illustrated in FIG. 15, if the height of center bar 520 was too low
relative to the soil, the mount cylinder 230 would preferably retract in order to raise the center
bar. In order to accomplish this step, the fluid control system 1330 preferably controls the mount
cylinder 230 in a flow control mode (e.g., using a flow control valve 1334 incorporated in the
fluid control system 1330). Thus the fluid control system 1330 is operable to control the position
(i.e., the degree of extension) of the mount cylinder 230. If the system determines that the center
bar is at the desired height, then at step 1820 the toolbar control system maintains the mount
cylinder position and determines the wing section height at step 1825. As with the center bar,
the height of each wing section 410 relative to the ground is preferably determined using the
signal from a height sensor 1360 incorporated in a row unit on the wing section. At step 1830,
the controller 1302 determines whether the heights of the wing sections 410 are within a desired
range. If they are not, wing section actuators 428 are then used to adjust the height of wing
sections 410 at step 1835. Once the wing sections 410 are within the desired range, the

controller 1302 maintains the position of wing section actuators 428 at step 1840.

[0090] Because the height of row units along each wing section 410 (and to a lesser extent
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along the center bar 520) may vary at any given time, there may exist situations in which the
toolbar may be insufficiently articulated to bring all instrumented row units (i.e., those having
height sensors 1360) within the desired height range. Thus according to a modified height
control method, a bar section height average is determined (e.g., wing section height average at
step 1830) by averaging the height determined for multiple row units along a section. The
section height is then corrected (e.g., at step 1835) in order to bring the section height average
within a desired range. This method has the additional advantage of reducing the frequency of

height adjustment.

[0091] In some embodiments, the method illustrated in FIG. 18 is modified such that the
center sections and wing sections are controlled independently. One such embodiment is
illustrated in FIG. 22, which illustrate a center section height control loop 2210 for controlling
the height of center bar 520 and an independent wing section height control loop 2220 for
controlling the height one of the wing sections 410. It should be appreciated that a second wing
section control system similar to wing section control system 2220 preferably controls the height

of the opposite wing section 410.

[0092] Turning to the center section height control system loop of FIG. 22, the reference
2211 preferably corresponds to a desired center section height, e.g., the desired signal from one
or more height sensors 1360 associated with one or more row units on the center section. The
error between the reference 2211 and a sensor signal 2218, e.g., the actual signal from one or
more height sensors 1360 associated with one or more row units on the center section, is
processed at a signal processing step 2212 to determine an input signal 2214. The processing
step 2212 is preferably performed by the controller 1302 and preferably comprises proportional-
integral-derivative processing steps known in the art to ensure timely correction while avoiding
overcorrection. The input signal 2214 is commanded to the fluid control system 1330, which
introduces a corresponding flow into the system 2216, specifically into the mount cylinder 230

of toolbar 10. The resulting sensor signal 2218 is again compared to the reference 2211.

[0093] Turning to the wing section height control system loop of FIG. 22, the reference
2221 preferably corresponds to a desired wing section height, e.g., the desired signal from one or

more height sensors 1360 associated with one or more row units on the wing section. The error
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between the reference 2221 and a sensor signal 2228, e.g., the actual signal from one or more
height sensors 1360 associated with one or more row units on the wing section, is processed at a
signal processing step 2222 to determine an input signal 2224. The processing step 2222 is
preferably performed by the controller 1302 and preferably comprises proportional-integral-
derivative processing steps known in the art to ensure timely correction while avoiding
overcorrection. The input signal 2224 is commanded to the fluid control system 1330, which
introduces a corresponding flow into the system 2216, specifically into the wing section actuator

428 of toolbar 10. The resulting sensor signal 2228 is again compared to the reference 2221.

[0094] Because changes to the center section height necessarily change the wing section
height, the processed center section height error is preferably “fed forward” to the wing section
height control loop. As illustrated in the combined control loop 2300 of FIG. 23, a gain 2310 is
preferably applied to the processed center section height error. The gain 2310 preferably
corresponds to the difference in diameter between the wing section actuator 428 and the mount
cylinder 230. The gained error is then preferably subtracted from the processed wing section
height error before the wing section actuator flow command is determined. Thus the combined
control loop 2300 determines a wing section actuator flow command based in part on the error in
the center section height. This “feed-forward” method results in faster system response and
avoids redundant or undesirable commands to the wing section actuators 428. For example, if
the center section and both wing sections are all 2 centimeters higher than desired, the control
loop 2300 preferably lowers the center section without substantially adjusting the position of

wing section actuators 428.

[0095] According to another preferred height control method illustrated in FIG. 21, the
controller 1302 determines all three section height averages at step 2105, compares all three
section height averages to a desired range at step 2107, consults a look-up table at step 2110 to
determine a prescribed action, and then takes the prescribed action at step 2115. Such a look-up
table 2000 is illustrated in FIG. 20. The look-up table 2000 includes a set of scenarios 2100
based on the section height average of each section of toolbar 10. In the illustrated lookup table,
a section average is marked as “Good” if the row units are at the desired position relative to the

toolbar, “High” if the row units are too high relative to the toolbar, and “Low” if the row units
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are too low relative to the toolbar. A preferred action set 2200 corresponds to each scenario. A
stop condition set 2250 preferably corresponds to each scenario. The controller 1302 determines
whether the stop condition has been met at step 2120; once the stop condition has been met, the

controller stops the prescribed action at step 2125.

[0096] The first three scenarios listed in the top three rows of lookup table 2000 are
schematically illustrated in FIG. 19A-19C, respectively. In FIG. 19A, all three sections of
toolbar 10 are too close to the soil such that the average height of the row units on each section is
higher than the desired height Hd. Thus the desired toolbar height Hd is best achieved by
retracting the mount cylinder 230 to raise center bar 520 as prescribed in scenario 1 of lookup
table 2000. In FIG. 19B, only the right wing section 410-2 is too close to the soil such that the
average height of the row units on the right wing section is too high. Thus the desired toolbar
height Hd is best achieved by retracting the right cylinder to raise the right wing section as
prescribed in scenario 2 of lookup table 2000. In FIG. 19C, only the center bar 520 is too close
to the soil such that the average height of row units on the center section is too high. Thus the

desired toolbar height Hd is best achieved by retracting the mount cylinder.

Weight transfer methods

[0097] In the embodiment of toolbar 10 illustrated in FIG. 15, the weight imposed on the soil
during operation is imposed by the lift assist wheels 1550, ground-working tools 1400, and tires
6 of the tractor 5. In order to perform ground-working operations such as opening a furrow for
planting seeds, toolbar 10 requires a certain amount of weight to properly penetrate the soil.
However, empirical evidence has shown that agronomic benefit may result from having the
minimum weight possible on the toolbar due to reduced soil compaction. Moreover, the weight
of the tractor 5 on the soil has detrimental agronomic effects whose severity depends in part on
whether the tractor is carried by tires or by track treads (which spread out the load on the soil
across a larger contact area). In addition, empirical evidence has shown that the additional
agronomic damage caused by a second soil-compacting wheel pass is less (per applied pound)

than that caused by a first pass.

[0098] Thus depending on the circumstances, it may be desirable to shift weight from the
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toolbar 10 to the tractor 5 in order to reduce the excess weight between the toolbar and the
ground. However, in other circumstances (e.g., where the toolbar 10 does not have sufficient
weight to perform ground-working operation), it may be desirable to shift weight from the tractor

5 to the toolbar.

[0099] According to weight transfer methods such as that illustrated in FIG. 24, the toolbar
control system 1300 maintains a constant pre-determined pressure in lift assist actuators 1317
when the toolbar is in the planting configuration. At step 2405, a desired lift assist actuator
pressure is stored in the memory 1309 of the controller 1302. Step 2405 may be performed by
the manufacturer in programming the controller 1302 or may be performed by the operator using
the user interface of the contfoller 1302. At step 2410, the controller 1302 preferably confirms
whether the toolbar is in the work position, e.g., using position sensors 1340 or by determining
whether the operator has instructed the toolbar to assume the work position. At step 2415, the
controller 1302 determines the pressure in the lift assist actuator 1317. In some embodiments,
the controller 1302 determines the lift assist actuator pressure using the pressure commanded by
the fluid control system 1330 (e.g., the pressure commanded to a pressure control valve 1332,
such as a pressure reducing-relieving valve, incorporated in the fluid control system 1330). In
other embodiments, the controller 1302 determines the lift assist pressure using the signal from a
pressure sensor 1357 associated with the lift assist actuator. As illustrated in FIG. 13, in such
embodiments the pressure sensor 1357 is preferably in electronic communication with the
controller 1302. At step 2420, the controller 1302 determines whether the actual lift assist
actuator pressure corresponds to the desired pressure. If the values do not correspond then the
controller commands an adjustment in lift assist actuator pressure at step 2425. Once the values

correspond then the controller maintains the lift assist actuator pressure at step 2430.

[00100]  According to weight transfer methods such as that illustrated in FIG. 25, the
controller 1302 displays the pressure in lift assist actuators 1317 and allows the operator to adjust
the pressure in lift assist actuators 1317. At step 2505, the controller 1302 determines the lift
assist actuator pressure using either the signal from a pressure sensor associated with the lift
assist actuator or the current command signal used to set the pressure in the lift assist actuator.

At step 2510, the controller displays the lift assist actuator pressure to the operator. At step
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2515, the controller 1302 accepts a pressure command from the operator, allowing the operator
to adjust the commanded lift assist actuator pressure. At step 2520, the controller sets the
operator-commanded pressure in the lift assist actuator either by simply setting a command
signal corresponding to a desired pressure or by adjusting the command signal until a measured

pressure (e.g., as reported by pressure sensor 1357) corresponds to the desired pressure.

[00101]  According to other weight transfer methods, the toolbar control system 1300
determines a weight shift representing the weight being transferred between the tractor and the
toolbar, compares the actual weight shift to a desired weight shift, and adjusts the weight shift to

more closely approximate the desired weight shift.

[00102]  One such method is illustrated schematically in FIG. 16. At step 1605, the controller
1302 determines a desired range of pressure in mount cylinder 230. This range is preferably
based on multiple factors including the weight, size and configuration of the tractor 5, whether
the tractor 5 is carried by tires or tracks, and the weight of the toolbar 10. At step 1610, the
controller 1302 obtains the current pressure in the mount cylinder 230 from the weight transfer
sensor 1355. At step 1615, the controller 1302 determines whether the mount cylinder pressure
1s within the desired range. As best seen in FIG. 15, increasing the pressure in lift assist actuator
1317 tends to shift weight from the tractor 5 to the toolbar 10. (Saddle 510 is shown
schematically in FIG. 15 for clarity, illustrating that the mount 200 is mounted integrally to the
center bar 520.) Thus, if the mount cylinder pressure is outside the desired range, then at step
1625 the controller adjusts the commanded pressure in lift assist actuator 1317 in order to
produce a desired change in the mount cylinder pressure. (Lift assist actuators 1317 are
preferably pressure-controlled by the fluid control system 1330, e.g., using a pressure control
valves 1332 such as pressure reducing-relieving valves, such that the controller 1302 may set and
maintain a desired pressure in the lift assist cylinders by modifying the fluid control system.)
Once the mount cylinder pressure is within the desired range, the controller 1302 maintains the

lift assist cylinder pressure at step 1620.

[00103]  According to another method of using toolbar 10, the weight shift between the tractor
5 and toolbar 10 may be modified based on the pressure in tool downforce actuators 32. The

pressure in tool downforce actuators 32 indicates the weight being added to or removed from the
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toolbar 10 by the ground-working tools 10. When the tool downforce being taken from the
toolbar 10 exceeds a predetermined range, it may be desirable to shift weight from the tractor 5
onto the toolbar to assist in providing sufficient downforce for ground-working operations.
Likewise, when the tool weight being added to the toolbar 10 exceeds a predetermined range, it
may be desirable to shift weight from the toolbar to the tractor 5 to assist in flotation of the

ground-working tools and to minimize soil compaction.

[00104]  Such a method is illustrated in FIG. 17. At step 1705, the controller 1302 determines
a desired range of pressure in tool downforce éc’fuators 32. Atstep 1710, the controller 1302
obtains the current pressure commanded to the tool downforce actuators 32 by the control system
1300. At step 1715, the controller 1302 determines whether the tool downforce pressure is
within the desired range. If the tool downforce pressure is outside the desired range, then at step
1725 the controller adjusts the commanded pressure in lift assist actuator 1317 in order to
produce a desired change in the mount cylinder pressure. Once the tool downforce pressure is
within the desired range, the controller 1302 maintains the lift assist cylinder pressure at step
1720.

[00105] The method described above with respect to FIG. 17 may preferably be used with a
downforce control system such as that described in Applicant’s co-pending U.S. Application
Serial No. 13/014,546, the disclosure of which is hereby incorporated herein in its entirety by
reference. Using such a system, the supplemental downforce applied by tool downforce
actuators 32 is adjusted automatically in response to a row unit downforce measurement in order

to maintain the minimum downforce necessary on each row unit 1400.

[00106] 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. A control system for an agricultural toolbar drawn across a ground surface
by a tractor, comprising:

a wheel coupled to the toolbar and engaging the ground surface;

an actuator having a net actuator pressure, said actuator being coupled to the
toolbar, said actuator being disposed to modify a ground force between said wheel and
the ground surface, said ground force being related to said net actuator pressure;

a fluid control system, said fluid control system being in fluid communication
with said actuator, said fluid control system being operable to bring said actuator pressure
to a desired actuator pressure; and

an electronic control system in electronic communication with said pressure
control valve, wherein said electronic control system is operable to modify said desired

actuator pressure.

2. The control system of claim 1, wherein the toolbar has a work position and
a transport position, and wherein said wheel substantially supports a weight of the toolbar

in the transport position.

3. The control system of claim 1, further including an electronic display in
electronic communication with said electronic control system, said electronic display
being mounted in an operator station of the tractor, said electronic display being operable
to display said desired actuator pressure to an operator, said electronic display being
operable to receive an actuator pressure command from said operator and to set such

actuator pressure command.

4, The control system of claim 1, further including a weight transfer sensor
in electronic communication with said electronic control system, said weight transfer

sensor operable to send a weight transfer signal to said electronic control system.

5. The control system of claim 4, wherein said electronic control system
stores a desired weight transfer signal value, wherein said electronic control system is

operable to modify said desired actuator pressure such that said weight transfer signal



D o A W N

~J

10
11

12
13
14
15
16
17
18

19
20
21
22
23
24
25
26

27

WO 2012/167258 PCT/US2012/040756

27

becomes closer to said desired weight transfer signal value.

6. The control system of claim 5, further including a weight transfer actuator,
said weight transfer actuator being operable to transfer weight between the tractor and the
toolbar, said weight transfer actuator having a weight transfer actuator pressure, wherein
said weight transfer sensor comprises a pressure sensor, wherein said weight transfer

signal comprises a signal related to said weight transfer actuator pressure.

7. The control system of claim 6, wherein said weight transfer actuator is in
fluid communication with said fluid control system, and wherein said fluid control

system is operable to control a position of said weight transfer actuator.

8. The control system of claim 7, wherein said position of said weight

transfer actuator is related to a height of the toolbar relative to the tractor.

9. The control system of claim 8, wherein the toolbar includes a wing section
and a center section, said wing section being pivotally mounted to said center section for
pivoting relative to said center section about a generally horizontal axis, and further
including a wing section actuator operable to pivot said wing section about said generally
horizontal axis, wherein said wing section actuator is in fluid communication with said
fluid control system, wherein said fluid control system is operable to control a position of

said wing section actuator.

10.  The control system of claim 5, wherein said electronic control system
stores a desired weight transfer value, further comprising an electronic display in
electronic communication with said electronic control system, said electronic display
being mounted in an operator station of the tractor, said electronic display being operable
to display a value corresponding to said weight transfer signal to an operator, said
electronic display being operable to receive a weight transfer command from said
operator and modify said desired weight transfer signal value based on said weight

transfer command.
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11. A method of controlling an agricultural toolbar drawn across a ground
surface by a tractor, comprising:

reconfiguring the toolbar from a transport position to a work position; and

modifying a ground force between a ground-engaging wheel pivotally coupled to

said toolbar and the ground surface.

12. The method of claim 11, further comprising:
reconfiguring the toolbar from said work position to said transport position; and
supporting a portion of the weight of said toolbar at said ground-engaging wheel

in said transport position.

13.  The method of claim 11, further comprising:
displaying a value related to said ground force to an operator;
receiving a command from said operator; and

modifying said ground force based on said command.

14.  The method of claim 11, further comprising:

measuring a weight transfer value.

15.  The method of claim 14, further comprising:
storing a desired weight transfer value; and
modifying said ground force such that said weight transfer value becomes closer

to said weight transfer value.

16.  The method of claim 15, further comprising:
transferring weight between the tractor and the toolbar using a weight transfer
actuator, wherein said step of measuring said weight transfer value is accomplished by

measuring a pressure in said weight transfer actuator.

17.  The method of claim 16, further comprising:

controlling a degree of extension of said weight transfer actuator.
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18.  The method of claim 17, wherein said degree of extension of said weight

transfer actuator is related to a height of the toolbar relative to the tractor.

19.  The method of claim 18, further comprising:

modifying an angular position of a wing section of said toolbar.

20.  The method of claim 15, further comprising:
displaying a value corresponding to said weight transfer value to an operator;
receiving a command from said operator; and

modifying said weight transfer value based on said command.
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