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(57) Abrege/Abstract:
An agricultural implement Is provided that includes a hitch assembly configured to couple the agricultural implement to a tow

vehicle. The agricultural implement also includes a carrier frame pivotally coupled to the hitch assembly by a main pivot joint such
that the main pivot joint resists substantially all lateral loads between the carrier frame and the hitch assembly. The agricultural
iImplement further includes a pair of wheel assemblies each rotatably coupled to the carrier frame by a respective knuckle pivot
Jjoint, and an actuator assembly configured to rotate each wheel assembly about the respective knuckle pivot joint while the

agricultural iImplement is in both a working and transport position.
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STEERABLE AGRICULTURAL IMPLEMENT WITH
ADAPTABLE WHEEL SPACING

ABSTRACT

[0034] An agricultural implement is provided that includes a hitch assembly
configured to couple the agricultural implement to a tow vehicle. The agricultural
implement also includes a carrier frame pivotally coupled to the hitch assembly by a
main pivot joint such that the main pivot joint resists substantially all lateral loads
between the carrier frame and the hitch assembly. The agricultural implement further
includes a pair of wheel assemblies each rotatably coupled to the carrier frame by a
respective knuckle pivot joint, and an actuator assembly configured to rotate each
wheel assembly about the respective knuckle pivot joint while the agricultural

implement is in both a working and transport position.
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STEERABLE AGRICULTURAL IMPLEMENT WITH
ADAPTABLE WHEEL SPACING

BACKGROUND

[0001] The invention relates generally to a steerable agricultural implement with

adaptable wheel spacing.

[0002] A wide range of farm implements have been developed and are presently in
use for tilling, planting, harvesting, and so forth. Seeders or planters, for example, are
commonly towed behind tractors and may cover wide swaths of ground which may be
tilled or untilled. Such devices typically open the soil, dispense seeds in the opening,
and close the soil in a single operation. Seeds are commonly dispensed from seed
tanks and distributed to row units by a distribution system. To make the seeding
operation as efficient as possible, very wide swaths may be covered by extending
wings on either side of a central section of the implement pulled by the tractor.
Included in the wing assemblies are tool bars, row units mounted thereon, and support
wheels. The wings and row units are commonly disposed in a “floating” arrangement
during the planting operation, wherein hydraulic cylinders allow the implement to
contact the soil with sufficient force to open the soil, dispense the seeds and close the
soil. For transport, the wings may be elevated and folded forward to reduce the width

of the implement.

[0003] Certain implements include steerable wheels configured to decrease a
turning radius of the implement while in a transport position. As will be appreciated,
steering the implement will induce a significant lateral force between the assembly
supporting the wheels and the body of the implement. Consequently, certain
implements employ a linkage positioned between wheel assemblies to resist the
lateral loads. While the linkage may provide lateral stability, the additional structure
raises implement weight and increases construction costs. Furthermore, because the
linkage is positioned between the wheel assemblies, the spacing between wheel

assemblies, wheel width, and/or wheel rotation angle may be limited.
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BRIEF DESCRIPTION

[0004] The present invention provides a steerable agricultural implement with
adaptable wheel spacing. In an exemplary embodiment, the agricultural implement
includes a hitch assembly configured to couple the agricultural implement to a tow
vehicle. The agricultural implement also includes a carrier frame pivotally coupled to
the hitch assembly by a main pivot joint such that the main pivot joint resists
substantially all lateral loads between the carrier frame and the hitch assembly. The
agricultural implement further includes a pair of wheel assemblies each rotatably
coupled to the carrier frame by a respective knuckle pivot joint, and an actuator
assembly configured to rotate each wheel assembly about the respective knuckle pivot
joint. In this configuration, no structural elements of the carrier frame or the hitch
assembly are positioned between the wheel assemblies, thereby enabling the wheel
assemblies to be positioned closer together to accommodate a larger variety of row

spacings.

DRAWINGS

[0005] These and other features, aspects, and advantages of the present invention
will become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

[0006] FIG. 1 is a perspective view of an agricultural implement in a working
position, including a carrier frame coupled to a hitch assembly by a single main pivot

joint and a pair of main lift cylinders;

[0007] FIG. 2 1s a perspective view of the agricultural implement, as shown in

FI1G.1, in a transport position;

[0008] FIG. 3 is an exploded view of the agricultural implement, as shown in FIG.
1, illustrating the coupling mechanism between the carrier frame and the hitch

assembly;
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[0009] FIG. 4 is a top view of a first embodiment of the carrier frame configured

to support row units with 20-inch spacing;

[0010) FIG. 5 is a top view of a second embodiment of the carrier frame

configured to support row units with 22-inch spacing;

[0011] FIG. 6 is a top view of a third embodiment of the carrier frame configured

to support row units with 30-inch spacing;

[0012] FIG. 7 is a top view of the second embodiment of the carrier frame In
which the wheel assemblies are oriented to steer the agricultural implement in a left

turn; and

[0013] FIG. 8 1s a top view of a wheel assembly, illustrating a wheel rocking

mechanism.

DETAILED DESCRIPTION

[0014] Turning now to the drawings, FIG. 1 is a perspective view of an
agricultural implement 10 in a working position. The implement 10 is designed to be
towed behind a prime mover such as a tractor. The implement includes a tow hitch 12
which is coupled to a hitch assembly 14. The tow hitch 12 may be used to attach the
implement 10 to a tractor and may be pivotally coupled to the hitch assembly 14 to
facilitate flexibility as the implement changes elevation as it is towed across a field.
A toolbar mounting structure 16 is coupled to the hitch assembly 14, and configured
to ptvotally secure toolbars 18. In the illustrated working position, the toolbars extend
laterally outwardly from the mounting structure 16. Multiple row units 20, configured
to deposit seeds and/or fertilizer into soil, are coupled to the toolbars 18. In the
present embodiment, the toolbars 18 are configured to fold forward when the
implement 10 is in a transport position. When in the transport position, the toolbars
18 are generally parallel to the hitch assembly 14. Furthermore, as discussed in detail

below, the row units 20 are raised above the ground while the implement 10 is in the

transport position.
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[0015]  As illustrated, a carrier frame 22 is rotatably coupled to the hitch assembly
14 by a single main pivot joint 24. Ground engaging wheels 26 are coupled to the
carrier frame 22 to support the weight of the implement 10 during both operation and
transport. In addition, a support frame 28 is coupled to the hitch assembly 14, and
configured to support the carrier frame 22. Specifically, main lift cylinders 30 extend
between the support frame 28 and the carrier frame 22. In the illustrated working
position, the main lift cylinders 30 are in a retracted position such that the hitch
assembly 14 is lowered relative to the carrier frame 22, thereby inducing the row units
20 to engage the soil. As discussed in detail below, the main lift cylinders 30 may
extend to raise the row units 20 above the ground, thereby transitioning the implement

Into a transport position.

[0016] As discussed in detail below, the implement 10 includes an actuator
assembly configured to steer the implement 10 in both the working and transport
positions. As will be appreciated, steering the implement will induce a significant
lateral force between the carrier frame 22 and the hitch assembly 14. In addition to
the main pivot joint 24, certain implements include a secondary linkage configured to
resist these lateral loads. Such secondary linkages are generally disposed at a rear
portion of the carrier frame 22 between the wheel assemblies. While the secondary
linkage provides lateral stability, the additional structure raises implement weight and
Increases construction costs. Furthermore, because the secondary linkage is disposed
between the wheel assembilies, the spacing between wheel assemblies, wheel width,

and/or wheel rotation angle may be limited.

[0017] Consequently, the present embodiments are configured to obviate the
secondary linkage by providing a single pivot joint 24 configured to resist
substantially all lateral loads. Without the secondary linkage, no structural elements
of the carrier frame 22 or the hitch assembly 14 are disposed between the wheel

assemblies. This configuration enables the wheel assemblies to be positioned closer
together, thereby accommodating a larger variety of row spacings. In addition, the
weight of the implement 10 and/or the implement construction cost may be reduced
due to the decreased number of structural components. Furthermore, without the

secondary linkage, wider wheels may be employed to accommodate the weight of



CA 02704328 2010-05-17

19452

heavier implements 10. Finally, because the carrier frame 22 is only attached to the
hitch assembly 14 by the single main pivot joint 24 and the main lift cylinders 30, the
carrier frame 22 may be easily removed and interchanged with carrier frames

configured for different row spacings. This may facilitate rapid reconfiguration of the

implement 10 for various crops.

[0018]  FIG. 2 is a perspective view of the agricultural implement 10 in a transport
position. As illustrated, the main lift cylinders 30 are in an extended position to raise
the hitch assembly 14 above the ground. In the present configuration, the main lift
cylinders 30 are hydraulically operated and include a piston rod 32 which extends
from the cylinder 30. A first clevis 34 of each main lift cylinder 30 is coupled to a
respective tang 36 of the support frame 28. Similarly, a second clevis 38 is coupled to
a tang 40 of the carrier frame 22. In the present configuration, both clevises 34 and
38 are secured by pins to the respective tangs 36 and 40. As the rod 32 extends in the
direction 42, the carrier frame 22 is driven to rotate in the direction 44 about the pivot
joint 24. In this manner, the hitch assembly 14 is raised, thereby raising the row units
20 above the level of the soil. Furthermore, an actuator assembly 46 is coupled to the
carrier frame 22. As discussed in detail below, the actuator assembly 46 is configured

to rotate the wheels 26, thereby steering the implement 10.

[0019]  FIG. 3 is an exploded view of the agricultural implement 10, illustrating the
coupling mechanism between the carrier frame 22 and the hitch assembly 14. As
previously discussed, the carrier frame 22 is coupled to the hitch assembly 14 only by
the pivot joint 24 and the main lift cylinders 30. As will be appreciated, hydraulic
cylinders, such as those utilized for the main lift cylinders 30 in certain embodiments,
are not configured to accept lateral loads. Consequently, the main pivot joint 24 is
configured to resist substantially all lateral forces applied to the hitch assembly 14 by
the carrier frame 22. In the present configuration, the main pivot joint 24 includes a
pin 48 configured to pass through openings in the carrier frame 22 and the support
frame 28 to pivotally couple the carrier frame 22 to the hitch assembly 14.
Specifically, the carrier frame 22 includes a pair of mounting flanges 50 configured to
Capture a carrier mount 52 of the support frame 28. As illustrated, each mounting

flange 50 includes an opening configured to align with a corresponding opening in the
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carrier mount 52. The pin 48 is disposed through these openings to secure the carrier
frame 22 to the hitch assembly 14. As will be appreciated, contact between the
mounting flanges 50 and the carrier mount 52 blocks rotation of the carrier frame 22

with respect to the hitch assembly 14. In this manner, the main pivot joint 24 serves

to resist substantially all lateral forces.

[0020]  As previously discussed, the main lift cylinders 30 extend between a tang
36 disposed on the mounting frame 28 and a tang 40 disposed on the carrier frame 22.
In this manner, only the main pivot joint 24 and the main lift cylinders 30 serve to
secure the carrier frame 22 to the hitch assembly 14. Furthermore, because the main
pivot joint 24 resists substantially all lateral loads, the secondary linkage described
above is obviated. Consequently, no structural elements of the carrier frame 22 or the
hitch assembly are present between wheel assemblies 54. As discussed in detail
below, the wheel assemblies 54 include a pair of wheels 26 rotatably mounted to a
body or knuckle 56. The actuator assembly 46 is coupled to each knuckle 56 and
configured to rotate the wheel assemblies 54 relative to the carrier frame 22 to steer

the implement 10.

[0021]  Because the carrier frame 22 is coupled to the hitch assembly 14 only by
the pivot joint 24 and the main lift cylinders 30, the carrier frame 22 may be easily
removed from the hitch assembly 14, thereby facilitating rapid reconfiguration of the
implement 10 for various row spacings. In the present configuration, the pin 48 may
be removed from the mounting flanges 50 and the carrier mount 52 to disengage the
pivot joint 24. Similarly, pins coupling the first clevis 34 and the second clevis 38 of
each main lift cylinder 30 to the support frame tang 36 and to the carrier frame tang
40, respectively, may be removed to uncouple the main lift cylinders 30. Once the
carrier frame 22 has been removed, a carrier frame configured for a different row
spacing may be attached, thereby enabling the implement 10 to accommodate various
row spacings. For example, after planting one crop (e.g., soybeans) with a 20-inch
row spacing, the implement 10 may be reconfigured for planting a crop (e.g., corn)
with a 30-inch row spacing by interchanging the carrier frame 22. Such a
configuration may reduce farming costs compared to utilizing separate implements for

each row spacing.
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[0022] FIG. 4 is a top view of a first embodiment of the carrier frame configured
to support row units 20 with 20-inch spacing. As previously discussed, the carrier
frame 22 is configured to support the weight of the implement 10 and resist lateral
loads caused by steering the implement 10. Consequently, the carrier frame 22
includes structural elements to transfer loads between the wheels 26 and the hitch
assembly 14. In the present configuration, the carrier frame 22 includes a first lateral
support member 58 configured to support the mounting flanges 50. A pair of
longitudinal support members 60 extend from the first lateral support member 58 to a
second lateral support member 62, forming a box structure. In the present
embodiment, each support member 58, 60 and 62 is hollow and has a rectangular
cross section. As will be appreciated, other support member profiles, as well as other
structural arrangements, may be employed in alternative embodiments. Furthermore,
plates 64 are coupled to each of the support members 58, 60 and 62 to provide
additional structural rigidity (e.g., torsional stiffness). The carrier frame 22 also
includes lateral extensions 68 configured to couple the box structure to the wheel
assemblies 54. As discussed in detail below, the length of the lateral extensions 68
may vary to adjust the distance between wheel assemblies 54 for various row

spacings.

[0023]  As illustrated, the carrier frame 22 includes a pair of mounting brackets 70
configured to support hydraulic cylinders 72. In the present embodiment, the actuator
assembly 46 includes the hydraulic cylinders 72 and a tie rod 74. As discussed In
detail below, the combination of the hydraulic cylinders 72 and tie rod 74 may
facilitate equalized steering effort for turning the implement in both the left and right
directions. As illustrated, each hydraulic cylinder 72 extends between the carrier
frame 22 and a respective wheel assembly 54, and the tie rod 74 extends between the
wheel assemblies 54. The hydraulic cylinders 72 are configured to rotate each wheel
assembly 54 about a knuckle pivot joint 76, while the tie rod 74 i1s configured to
ensure that the wheel assemblies 54 rotate together by transferring torque between

assemblies 54.

[0024] For example, a left turn may be initiated by extending a piston rod of the
hydraulic cylinder 72 positioned on the right side of the carrier frame 22, thereby
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inducing the right wheel assembly 54 to rotate in a clockwise direction about the right
pivot joint 76. At the same time, a piston rod of the hydraulic cylinder 72 positioned
on the left side of the carrier frame 22 is retracted causing the left wheel assembly 54
to rotate in a clockwise direction. As will be appreciated, because piston rods of
typical hydraulic cylinders extend with greater force than they retract owing to the
differential area of the piston exposed to pressurized fluid, in prior art arrangements,
different forces and moments may be exerted on wheel assemblies. Similarly, owing
to the different internal volumes on the cap and rod ends of the cylinders, the steering
system may rotate faster in one direction than the other for the same volumetric flow
rate of hydraulic fluid. However, in the present configuration, the tie rod 74 serves to
transfer the additional force applied by the right hydraulic cylinder 72 to the left
wheel assembly 54. Consequently, a substantially equal torque will be applied to both
wheel assemblies 54, thereby inducing both wheel assemblies 54 to rotate together.
In other words, during a turn, the angle of the right wheel assembly 54 and the angle
of the left wheel assembly 54 relative to the carrier frame 22 will be substantially
equal. Similarly, during a right turn, the additional force applied by the left hydraulic
cylinder 72 will be transferred through the tie rod 74 to the right wheel assembly 54,
thereby transferring torque to the right wheel assembly 54. Therefore, the present
embodiment may enable the implement 10 to turn in both the left and right directions

at a substantially equal rate and with substantially equal force.

[0025]  The present carrier frame 22 is configured to accommodate a row spacing
of approximately 20 inches. As illustrated, seed rows 78 are spaced a distance 80
apart to provide crops with sufficient soil area for proper development. As will be
appreciated, certain crops may utilize a greater soil area than others. For example, in
the illustrated embodiment, the distance 80 between rows 78 is approximately 20
inches. To accommodate a 20-inch row spacing, the present carrier frame 22 is
configured to establish a wheel-to-wheel spacing 82 of approximately 40 inches, such
as by adjusting the length of the lateral extensions 68. As will be appreciated,
positioning the wheels 26 between rows 78 may reduce soil compaction, thereby
facilitating seed deposition by the row units 20. Consequently, the wheel-to-wheel

spacing 82 and the spacing 84 between wheels 26 of each wheel assembly 54 are
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configured to position the wheels 26 such that they do not directly engage the soil
along each row 78. In the present configuration, a width 86 of each wheel 26 is
approximately 19 inches. Therefore, the present carrier frame 22 is configured to
precisely position the 19-inch wide wheels 26 between the 20-inch wide rows 78. As
will be appreciated, alternative embodiments may include wheels 26 having larger or

smaller widths 86.

[0026]  Furthermore, because the secondary linkage has been obviated by the
structural integrity of the main pivot joint 24, no structural elements of the carrier
frame 22 or the hitch assembly 14 are disposed between the wheel assemblies 54.
Consequently, the inner wheel 26 of each wheel assembly 54 may be positioned
farther laterally inwardly than configurations including the secondary linkage.
Moreover, the additional space between wheel assemblies 54 facilitates the use of
wider wheels, such as the illustrated 19-inch wide wheels 26, thereby enabling the

carrier frame 22 to support heavier loads.

[0027] FIG. 5 is a top view of a second embodiment of the carrier frame 22
configured to support row units 20 with 22-inch spacing. As illustrated, seed rows 78
are spaced a distance 88 apart to provide crops with sufficient soil area for proper
development. As previously discussed, certain crops may utilize a greater soil area
than others. For example, in the illustrated embodiment, the distance 88 between
rows 78 1s approximately 22 inches. To accommodate a 22-inch row spacing, the
present carrier frame 22 is configured to establish a wheel-to-wheel spacing 90 of
approximately 44 inches, such as by adjusting the length of the lateral extensions 68.
As will be appreciated, positioning the wheels 26 between rows 78 may reduce soil
compaction, thereby facilitating seed deposition by the row units 20. Consequently,
the wheel-to-wheel spacing 90 and the spacing 92 between wheels 26 of each wheel
assembly 54 are configured to position the wheels 26 such that they do not directly

engage the soil along each row 78.

[0028] FIG. 6 is a top view of a third embodiment of the carrier frame 22
configured to support row units 20 with 30-inch spacing. As illustrated, seed rows 78

are spaced a distance 94 apart to provide crops with sufficient soil area for proper
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development. As previously discussed, certain crops may utilize a greater soil area
than others. For example, in the illustrated embodiment, the distance 94 between
rows 78 is approximately 30 inches. To accommodate a 30-inch row spacing, the
present carrier frame 22 is configured to establish a wheel-to-wheel spacing 96 of
approximately 60 inches, such as by adjusting the length of the lateral extensions 68.
As will be appreciated, positioning the wheels 26 between rows 78 may reduce soil
compaction, thereby facilitating seed deposition by the row units 20. Consequently,
the wheel-to-wheel spacing 96 and the spacing 98 between wheels 26 of each wheel
assembly 54 are configured to position the wheels 26 such that they do not directly

engage the soil along each row 78.

[0029] In addition, each carrier frame 22 may include structural differences based
on the anticipated load. For example, the carrier frame 22 with 20-inch row spacing
may be configured to support a greater load than the carrier frame 22 with 30-inch
row spacing. In certain embodiments, the tool bars 18 configured to support row units
20 with 30-inch row spacing are longer than tool bars 18 having row units 20 with 20-
inch row spacing. Consequently, the longer tool bars 18 may include additional
wheel assemblies for supporting the extended structure. As will be appreciated, the
additional wheel assemblies may reduce the load on the carrier frame 22. Therefore,

carrier frames 22 configured to support the tool bars 18 with row units 20 positioned
for 20-inch row spacing may include additional structural elements to compensate for

the additional load.

[0030] FIG. 7 1s a top view of the second embodiment of the carrier frame 22 in
which the wheel assemblies 54 are oriented to steer the agricultural implement 10 in a
left turn. As illustrated, the wheel assemblies 54 are oriented at an angle 100 relative
to the carrier frame 22. In the illustrated embodiment, the angle is approximately 25

degrees. In certain embodiments, the wheel assemblies 54 may be capable of rotating
between approximately 30 degrees to the left and approximately 30 degrees to the
right. In this manner, the actuator assembly 46 may steer the implement 10 to a
desired orientation based on user input or automatically based on a degree of rotation

of the tow vehicle. As illustrated, because the wheel assemblies 54 are linked by the

10
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tie rod 74, the rotation angle 100 of each wheel assembly 54 relative to the carrier

frame 22 1s substantially equal.

[0031] FIG. 8 is a top view of a wheel assembly 54, illustrating a wheel rocking
mechanism. As illustrated, the wheel assembly 54 includes a main axle 102 rotatably
coupled to the body or knuckle 56 of the wheel assembly 54. A linkage 104 is rigidly
coupled to each end of the main axle 102. Each linkage 104 couples a secondary axle
106 to the main axle 102. The secondary axles 106 are configured to support the
wheels 26. As illustrated, the secondary axles 106 are offset from the main axle 102,
with each axle 106 being displaced in an opposite longitudinal direction.
Consequently, when one wheel 26 encounters a variation in soil elevation (e.g.,
trench, bump, etc.), the other wheel 26 may maintain contact with the soil. For
example, 1f the right wheel 26 encounters a bump, the right secondary axle 106 will
rotate in the direction 108. Because the right secondary axle 106 is rigidly coupled to
the main axle 102 by the linkage 104, rotation of the right secondary axle 106 causes
the main axle 102 to rotate. Consequently, coupling between the main axle 102 and
the left secondary axle 106 causes the left secondary axle 106 to rotate in the direction
110. This configuration enables the left wheel 26 to maintain contact with the soil
even if the right wheel 26 encounters a variation in soil elevation. Similarly, if the left
wheel 26 experiences a change in elevation, the wheel rocking assembly may enable
the right wheel 26 to maintain contact with the soil. As a result, variations in the soil
engagement depth of the row units 20 may be substantially reduced or eliminated

despite variations in soil elevation.

[0032]  Furthermore, the wheel rocking mechanism may enable the implement 10
to maintain substantially constant wheel weight distribution during turns. As will be
appreciated, the orientation of the implement 10 may drift with respect to a tow
vehicle during operation. Consequently, the present actuator assembly 46 may vary
the orientation of the wheel assemblies 54 to adjust the path of the implement 10 such
that the row units 20 form substantially parallel rows. As the orientation of the wheel
assemblies 54 varies, the rocking mechanism may ensure that the penetration depth of

the row units 20 remains substantially constant. As a result, the wheel assemblies 54

11
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may be steered while the implement 10 is in the working position, as well as the

transport position.

[0033] While only certain features of the invention have been illustrated and
described herein, many modifications and changes will occur to those skilled in the
art. It 1s, therefore, to be understood that the appended claims are intended to cover

all such modifications and changes as fall within the true spirit of the invention.

12
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What 1s claimed is:

1. An agricultural implement, comprising:

a hitch assembly configured to couple the agricultural implement to a tow vehicle;

a carrier frame pivotally coupled to the hitch assembly;

a main pivot joint configured to pivotally couple the carrier frame to the hitch assembly,
wherein the main pivot joint is configured to resist substantially all lateral loads between the
carrier frame and the hitch assembly;

a pair of wheel assemblies each rotatably coupled to the carrier frame by a respective
pivot joint, wherein each wheel assembly is positioned laterally outward from the hitch
assembly, and wherein no structural element of the carrier frame or the hitch assembly is

positioned between the pair of wheel assemblies; and

an actuator assembly configured to rotate each wheel assembly about the respective pivot

joint.

2. The agricultural implement of claim 1, wherein the carrier frame 1s
interchangeable to accommodate various row spacings such that ground engaging wheels are

positioned between seed rows.

3. The agricultural implement of claim 1, wherein each wheel assembly comprises a
wheel rocking mechanism configured to vary a first vertical position of a first wheel 1n a

direction substantially opposite from a second vertical position of a second wheel.

4. The agricultural implement of claim 3, wherein each wheel rocking mechanism
COMPIrises:

a main axle rotatably coupled to a knuckle;

a first secondary axle configured to support the first wheel, and coupled to a first end of
the main axle by a first linkage; and

a second secondary axle configured to support the second wheel, and coupled to a second

end of the main axle by a second linkage, wherein the first linkage and the second linkage offset

13
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the first and second secondary axles in opposite longitudinal directions such that rotation of the

first secondary axle about the main axle induces rotation of the second secondary axle about the

main axle.

5. The agricultural implement of claim 1, wherein the main pivot joint comprises a

pin disposed through mounting flanges on the carrier frame and a carrier mount coupled to the

hitch assembly.

6. The agricultural implement of claim 1, comprising a pair of main lift cylinders
each extending between the hitch assembly and the carrier frame, and each configured to
selectively lower the hitch assembly into a working position and raise the hitch assembly into a
transport position, wherein the carrier frame is coupled to the hitch assembly only by the main

pivot joint and the pair of main lift cylinders.

7. An agricultural implement, comprising:

a hitch assembly configured to couple the agricultural implement to a tow vehicle;

a carrier frame pivotally coupled to the hitch assembly by a single main pivot joint,
wherein the main pivot joint is configured to resist substantially all lateral loads between the
carrier frame and the hitch assembly;

a pair of wheel assemblies each rotatably coupled to the carrier frame by a respective
knuckle pivot joint, wherein each wheel assembly is positioned laterally outward from the hitch
assembly; and

an actuator assembly configured to rotate each wheel assembly about the respective

knuckle pivot joint while the agricultural implement is in both a working and transport position.
8. The agricultural implement of claim 7, wherein the main pivot joint comprises a

pin disposed through mounting flanges on the carrier frame and a carrier mount coupled to the

hitch assembly.

14
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9. The agricultural implement of claim 7, wherein the carrier frame 1s

interchangeable to accommodate various row spacings.

10.  The agricultural implement of claim 7, wherein no structural element of the

carrier frame or the hitch assembly is positioned between the pair of wheel assemblies.

11.  The agricultural implement of claim 7, wherein each wheel assembly comprises a
wheel rocking mechanism configured to vary a first vertical position of a first wheel in a

direction substantially opposite from a second vertical position of a second wheel.

12.  The agricultural implement of claim 7, comprising a pair of main lift cylinders
each extending between the hitch assembly and the carrier frame, and each configured to
selectively lower the hitch assembly into the working position and raise the hitch assembly into

the transport position.

13.  The agricultural implement of claim 12, wherein the carrier frame 1s coupled to

the hitch assembly only by the main pivot joint and the pair of main lift cylinders.

14.  An agricultural implement, comprising:
a hitch assembly configured to couple the agricultural implement to a tow vehicle;
a carrier frame pivotally coupled to the hitch assembly by a main pivot joint;

a pair of main lift cylinders each extending between the hitch assembly and the carrier

frame, and each configured to selectively lower the hitch assembly into a working position and
raise the hitch assembly into a transport position, wherein the carrier frame is coupled to the
hitch assembly only by the main pivot joint and the pair of main lift cylinders, and wherein the
carrier frame is interchangeable to accommodate various row spacings;

a pair of wheel assemblies each rotatably coupled to the carrier frame by a respective
knuckle pivot joint, wherein each wheel assembly is positioned laterally outward from the hitch

assembly; and

15
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an actuator assembly configured to rotate each wheel assembly about the respective

knuckle pivot joint.

15.  The agricultural implement of claim 14, wherein each wheel assembly comprises
a wheel rocking mechanism configured to vary a first vertical position of a first wheel in a

direction substantially opposite from a second vertical position of a second wheel.

16.  The agricultural implement of claim 14, wherein the main pivot joint comprises a

pin disposed through mounting flanges on the carrier frame and a carrier mount coupled to the

hitch assembly.

17.  The agricultural implement of claim 14, wherein the various row spacings

comprise at least 20-inch, 22-1nch and 30-inch row spacings.

18.  The agricultural implement of claim 14, wherein the main pivot joint 1s

configured to resist substantially all lateral loads between the carrier frame and the hitch

assembly.

19.  The agricultural implement of claim 14, wherein no structural element of the

carrier frame or the hitch assembly is positioned between the pair of wheel assemblies.

16
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