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DOWN PRESSURE CONTROL SYSTEM FOR AN
AGRICULTURAL IMPLEMENT

ABSTRACT

[0026]  An agricultural implement system, including a center toolbar including at
least one ground engaging tool, a first inner-wing toolbar rotatably coupled to the
center toolbar, the first inner-wing toolbar including at least one ground engaging
tool, a first outer-wing toolbar rotatably coupled to the first inner-wing toolbar, the
first outer-wing toolbar including at least one ground engaging tool, a first actuating
cylinder coupled to the center toolbar, a second actuating cylinder extending between
the center toolbar and the first inner-wing toolbar, a third actuating cylinder extending
between the first inner-wing toolbar and the first outer-wing toolbar, and a control

system configured to drive the first actuating cylinder, the second actuating cylinder,

and the third actuating cylinder.
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DOWN PRESSURE CONTROL SYSTEM FOR AN
AGRICULTURAL IMPLEMENT

BACKGROUND

[0001] The invention relates generally to ground working equipment, such as

agricultural equipment, and more specifically, to a down pressure control system for

an agricultural implement.

[0002]  Generally, fertilizer application implements are towed behind a tractor or
other work vehicle via a hitch assembly secured to a rigid frame of the implemeht.
Certain fertilizer application implements include a storage tank configured to hold
fluid fertilizer, and to provide the fluid fertilizer to injection nozzles. The storage tank
1S supported by a frame, which may also support a toolbar assembly having openers
and the mjection nozzles (e.g., as elements of respective row units mounted to the
toolbar assembly). The openers form a path for fertilizer deposition into the soil.
Specifically, the openers are used to break the soil, thereby enabling the injection
nozzles (e.g., positioned behind the openers) to deposit fertilizer at a desired depth
beneath the soil surface. In certain embodiments, the implement may include knives
(e.g., positioned behind the openers), instead of the injection nozzles, to flow the
liquid fertilizer into respective trenches formed by the openers and the knives. Using
such implements, fertilizer may be distributed throughout a field, either before or after
planting, to facilitate enhanced crop development. Unfortunately, the openers may

over-penetrate or under-penetrate the soil because of variations in soil density, terrain

slope, and weight distribution across the toolbar assembly. Under-penetration or
over-penetration may cause fertilizer to be deposited at an undesirable depth, thereby

reducing fertilizer efficiency.

BRIEF DESCRIPTION

[0003] In a first embodiment, an agricultural implement system, including a center
toolbar including at least one ground engaging tool, a first inner-wing toolbar
rotatably coupled to the center toolbar, the first inner-wing toolbar including at least

one ground engaging tool, a first outer-wing toolbar rotatably coupled to the first
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inner-wing toolbar, the first outer-wing toolbar including at least one ground engaging

tool, and a first actuating cylinder coupled to the center toolbar, wherein the first
actuating cylinder i1s configured to apply a first down force to the center toolbar to
drive the at least one ground engaging tool of the center toolbar to penetrate soil, a
second actuating cylinder extending between the center toolbar and the first inner-
wing toolbar, wherein the second actuating cylinder is configured to apply a second
down force to the first inner-wing toolbar to drive the at least one grolund engaging
tool of the first inner-wing toolbar to penetrate the soil, a third actuating cylinder
extending between the first inner-wing toolbar and the first outer-wing toolbar,
wherein the third actuating cylinder 1s configured to apply a third down force to the
first outer-wing toolbar to drive the at least one ground engaging tool of the first
outer-wing toolbar to penetrate the soil, and a control system configured to drive the
first actuating cylinder, the second actuating cylinder, and the third actuating cylinder,
such that the first down force is greater than the second down force, and the second

down force 1s greater than the first down force.

[0004] In a second embodiment, an agricultural implement system, including a
frame, a storage tank connected to the frame, and configured to store a material, a
center toolbar connected to the frame, the center toolbar including at least one opener,
a first inner-wing toolbar and a second inner-wing toolbar pivotably connected to
opposite ends of the center toolbar, and wherein the first and second inner-wing
toolbars include at least one opener, a first outer-wing toolbar and a second outer-

wing toolbar pivotably connected to the respective first and second inner-wing
toolbars, and wherein the first and second inner-wing toolbars include at least one
opener, and a first actuating cylinder, a second actuating cylinder, a third actuating
cylinder, a fourth actuating cylinder, and a fifth actuating cylinder configured to apply
a down force on the respective center toolbar, first inner-wing toolbar, second inner-

wing toolbar, first outer-wing toolbar, and second outer-wing toolbar to drive the

openers to penetrate the soil with substantially equal contact forces.

[0005] In a third embodiment, an agricultural implement system, including a

center toolbar with at least one opener, a first inner-wing toolbar and a second inner-
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wing toolbar pivotably connected to opposite ends of the center toolbar, and wherein

the first and second inner-wing toolbars include at least one opener, a first outer-wing
toolbar and a second outer-wing toolbar pivotably connected to the respective first
and second inner-wing toolbars, and wherein the first and second outer-wing toolbars
include at least one opener, and a first actuating cylinder, a second actuating cylinder,
a third actuating cylinder, a fourth actuating cylinder, and a fifth actuating cylinder
configured to apply an adjustable down force on the respective center toolbar, first
inner-wing toolbar, second inner-wing toolbar, first outer-wing toolbar, and second
outer-wing toolbar to drive the openers into the soil, and a fluid control circuit
configured to control a downward force on the center toolbar, first inner-wing toolbar,
second inner-wing toolbar, first outer-wing toolbar, and second outer-wing toolbar so

that the openers penetrate the soil with substantially equal contact forces.

DRAWINGS

[0006] 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:

[0007] FIG. 1 is a perspective view of an embodiment of an agricultural implement

having a down pressure control system;

[0008] FIG. 2 is a front view of the agricultural implement of FIG. 1 on a flat

surface;

[0009] FIG. 3 is a front view of the agricultural implement of FIG. 1 on a terraced

surface; and

[0010] FIG. 4 is a schematic view of an embodiment of a flow control circuit for a

down pressure control system.



CA 02811685 2013-04-03

50581

DETAILED DESCRIPTION

(0011] FIG. I 1s a perspective view of an embodiment of an agricultural implement
10 having a down pressure control system 11 configured to facilitate proper
penetration depth of ground engaging tools. In the illustrated embodiment, the
implement 10 1s configured to be towed along a direction of travel 12 by a work
vehicle, such as a tractor or other prime mover. The work vehicle may be coupled to
the implement 10 by a hitch assembly 14, such as the illustrated “goose neck” pull
frame. As illustrated, the hitch assembly 14 is coupled to a main frame assembly 16
of the implement 10 to facilitate towing of the implement 10 in the direction of travel
12. In the illustrated embodiment, the frame assembly 16 supports a storage tank 18
configured to house a flowable agricultural product, such as liquid fertilizer. A pair of
wheels 20 coupled to the frame assembly 16 are configured to support the weight of
the frame assembly 16, the storage tank 18, and the flowable agricultural product,

thereby enabling the implement 10 to be towed across the field.

[0012] The implement 10 1s configured to transfer the flowable agricultural
product from the storage tank 18 to multiple row units 22 of a toolbar assembly 24.
Each row unit 22 includes a ground engaging tool 25 (e.g., an opener) configured to
break the soil, thereby excavating a trench into the soil. An injection nozzle or knite
(e.g., positioned behind the ground engaging tool) is configured to deposit tlowable
agricultural product from the storage tank 18 into the trench formed by the ground
engaging tool. The depth control system 11 maintains a penetration depth of the
ground engaging tools to facilitate deposition of the agricultural product at a desired
depth beneath the soil surface. Accordingly, a flowable agricultural product, such as
liquid fertilizer, may be distributed throughout a field, either before or after planting,

to facilitate enhanced crop development.

[0013] While the illustrated implement 10 includes 24 row units 22, it should be
appreciated that alternative implements may include more or fewer row units 22. In
addition, the number of row units and the spacing between row units may be
particularly selected to correspond to the arrangement of row units on respective

seeding or planting implements. For example, the implement 10 may include 24 row
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units 22 spaced 30 inches from one another. Accordingly, as the implement 10 is
towed across a field, the row units 22 deposit fertilizer in rows having 30-inch
spacing. After the fertilizer is applied, a seeding or planting implement having row
units configured to deposit seeds into the soil at 30-inch spacing 1s aligned with the
rows of fertilizer. As the seeding or planting implement moves across the field, seeds
are placed into contact with the previously applied fertilizer, thereby facilitating
enhanced crop development. In addition, the implement 10 may be utilized to apply
fertilizer to previously planted seeds (e.g., via aligning the row units 22 with the rows

of seeds).

[0014]  As illustrated, the toolbar assembly 24 includes multiple toolbars. In the
present embodiment, the toolbar assembly 24 includes a center toolbar 26, inner-wing
toolbars 28, and outer-wing toolbars 30. As illustrated, the inner-wing toolbars 28
rotatably couple to the center toolbar 26, while the outer-wing toolbars 30 rotatably
couple to the inner-wing toolbars 28. The toolbars 26, 28, and 30 include respective

row units 22 configured to break the soil and to deposit the agricultural product into

the soil.

[0015]  As mentioned above, the depth control system 11 maintains the openers 25
on the toolbar assembly 24 at a desired depth. More specifically, the depth control
system 11 controls each toolbar of the toolbar assembly 24, thus customizing the
response across the entire toolbar assembly 24 to changes in the soil density and
terrain slope. The depth control system 11 includes multiple actuating cylinders 32,

gauge wheels 34, fluid lines, and valves for controlling movement of the toolbars 26,
28. and 30. As illustrated, there are six actuating cylinders 32, two that control
movement of the center toolbar 26, one for each of the inner-wing toolbars 28, and
one for each of the outer-wing toolbars 30. While six actuating cylinders 32 are
included in the illustrated embodiment, other embodiments may include different
numbers of actuating cylinders 32 (e.g., 5, 6, 7, 8, 9, 10, or more). Moreover, the
implement 10 includes four gauge wheels 34, but other configurations may include
different numbers of gauge wheels 34 (e.g., 2, 3, 4, 5, 10 or more). Together, the
actuator cylinders 32 and gauge wheels 34 operate to establish proper penetration

depth of the openers 25 in the row units 22. Specifically, the cylinders 32 provide
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sufficient down force to maintain contact between the gauge wheels 34 and the soil

surface. The gauge wheels 34, when in contact with the soil, provide an upward force

to counter the downward force from the actuating cylinders 32, preventing the

openers 25 from over-penetrating the soil.

[0016] FIG. 2 1s a front view of the agricultural implement 10 of FIG. 1 on a flat
surface 38 (e.g., a field). As explained above, the down pressure control system 11
enables different down pressures to be applied to each toolbar of the toolbar assembly
24. The actuating cylinders 40 and 42 provide the adjustable force on the outer-wing
toolbars 30, the actuating cylinders 44 and 46 provide the adjustable force on the
inner-wing toolbars 28, and the actuating cylinders 48 and 50 provide the adjustable
force on the center toolbar 26. The toolbars of the toolbar assembly 24 rotatably
couple to each other with connections 52, 54, 56 and 58. The rotatable connections
>2, 54, 56 and 58 enable the actuating cylinders 32 to individually urge the inner-wing
toolbars 28 and the outer-wing toolbars 30 downwardly toward the soil surface. The
actuating cylinders 32 transfer the force to the toolbar through scissor linkages 60.
The scissor linkages 60 provide a connection point for the cylinders 32, thereby
enabling the cylinders to transmit force to the  toolbars to drive the toolbars

downwardly about their respective connections 52, 54, 56 and 58.

[0017] In the present embodiment, urging the toolbars of the toolbar assembly 24
in a downward direction 62 increases downward force on the openers 25 and gauge
wheels 34. While rotation of the toolbars of the toolbar assembly 24 in an upward
direction 64 reduces the downward force on the openers 25 and gauge wheels 34. For
example, as the actuating cylinders 40 and 44 extend the in direction 66, the cylinders
32 provide a force in direction 66. The force in the direction 66 urges the toolbars 28
and 30 on the left hand side of the implement 10 downwardly about the respective

connections 52 and 54. Thus increasing the downward force on the openers 25 and
gauge wheels 34. The gauge wheels 34 provide a sufficient counter force in direction
64 to maintain the openers at a desired penetration depth. As the gauge wheels 34
counter the force in the direction 62, the gauge wheels block the openers 25 from over
penetrating into the soil. Accordingly, the actuating cylinders 32 and the gauge

wheels 34 establish a proper depth penetration, without over penetrating the openers



CA 02811685 2013-04-03

503581

25. When the down pressure control system 11 decreases downward pressure, the
system reverses the process. Specifically, the actuating cylinder 40 and 44 are
allowed to contract. As they contract in direction 68 the cylinders 40 and 44 create a
pulling force on the linkages 60. The pulling force on the linkages 60 cause the
toolbars 28 and 30 on the left hand side of the implement 10 to rotate about their
respective connections 52 and 54. The rotation around the connections 52 and 54
decreases the downward force on the gauge wheels 34 and openers 25. While only
the left hand side of the implement 10 was discussed above, the right hand side of the

implement 10 operates in the same manner.

[0018] FIG. 3 i1s a front view of the agricultural implement 10 of FIG. 1 on a
terraced surface 90. As explained above, the actuating cylinders 32 apply a
downward force to the toolbars, thereby enabling the gauge wheels 34 to establish a
proper penetration of the openers 25 despite varying soil conditions and terrain slopes.
As illustrated in FIG. 3, the implement 10 may operate on a terraced surface 90.
Despite the variations in terrain, the implement 10 maintains the openers at the proper
depth. The implement 10 uses the down pressure control system 11 to vary the
downward force applied to the different toolbars of the toolbar assembly 24, thereby
ensuring proper penetration by the openers 25. For example, in FIG. 3, the openers
25 of the inner-wing toolbars 28 engage angled surfaces 92. The angled surfaces 92
reduce contact force between the openers and the ground due to the weight ot the
toolbar the dead weight of the inner-wing toolbars 28, and therefore the force on the
openers 25. In response, the down pressure control system 11 uses the actuating

cylinders 40 and 46 to provide additional downward force. Specifically, the cylinders
40 and 46 urge the inner-wing toolbars 28 downwardly around the connections 54 and
56 in direction 62. Accordingly the inner-wing toolbars 28 drive the openers 25 into
the soil until the gauge wheels 34 resist additional downward movement. As a result,

the openers 25 reach the proper soil penetration depth on the angled field surfaces 92.

[0019] Moreover, as illustrated the openers of, the center toolbar 26 and the outer-
wing toolbars 30 engage flat surfaces 94. Accordingly, the down control pressure
system 11 may actuate cylinders 44 and 46 more than cylinders 40, 42, 48, and 50 In

order for openers 25 on the inner-wing toolbars 28 to penetrate the soil to the proper
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depth. While FIG. 3 illustrates one possible terrain for the toolbars of the tool bar
assembly 24, the implement may encounter many more surface slopes, including
having the entire implement 10 on an angled surface. For example, one or both of the
outer-wing toolbars 30 may be on an angled surface. Accordingly, the cylinder 40
and/or 42 may provide sufficient down force to facilitate engagement of the openers
25 at a desired penetration depth despite the variation in field slope. In still another
embodiment, the center tool bar 24 may be on a flat surface while both the inner and
outer-wing toolbars 28 and 30 may be on angled surfaces. Accordingly, the cylinders
40, 42, 44, and 46 may provide sufficient down force to facilitate engagement of the
openers at a desired penetration depth despite the variation in field slope. Additional
embodiments may have only one side of the implement 10 on an angled surface.
Accordingly, the cylinders on that particular side may provide sufficient down force
to facilitate engagement of the openers 25 at a desired penetration depth despite the
variation 1n field slope. Accordingly, as explained above, the down pressure control
system 11 may provide sufficient down pressure on toolbars of the toolbar assembly

24 to drive the openers 25 into the soil at a proper soil penetration depth.

[0020] FIG. 4 1s a schematic view of an embodiment of a flow control circuit 110
for the down pressure control system 11. The flow control circuit 110 enables the
down pressure control system 11 to establish a desired down pressure on the
individual toolbars of the toolbar assembly 24. More specifically, the down pressure
control system 11 may tailor the force applied by each of the toolbars in the toolbar
assembly 24. As a result, the down pressure control system 11 may increase the force
on toolbars with more openers (i.e., so that all openers penetrate the soil to the desired
depth). For example, the center tool bar may have more openers than the inner-wing
toolbars, and the inner-wing toolbars may have more openers than the outer-wing
toolbars. The down pressure control system 11 may therefore supply more down
pressure to the center toolbar than the inner-wing toolbars, and more down pressure to

the inner-wing toolbars than the outer-wing toolbars, in order to force all of the

openers on the implement 10 to a desired depth in the soil.

(0021]  The flow control circuit 110 may use any suitable fluid (e.g., air, liquid) in

order to actuate the cylinders 32. However, in the present embodiment, the flow
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control circuit 110 operates with hydraulic fluid. In operation, the flow control circuit
110 receives hydraulic fluid from a supply (e.g., a tractor or other farm tool). The
hydraulic fluid from the supply 112 flows through a series of hydraulic lines 114, 116,
and 118 to the actuators 32. Specifically, hydraulic line 114 delivers hydraulic fluid
to actuator cylinders 48 and 50 that control the center toolbar 26; hydraulic line 116
delivers to actuator cylinders 44 and 46 that control the inner-wing toolbars 28; and

line 118 delivers to actuator cylinders 40 and 42 that control the outer-wing toolbars
30.

[0022]  As illustrated, the actuator cylinders 48 and 50 receive hydraulic pressure
through line 114. The hydraulic pressure in line 114 may be the same as the supply
pressure. The pressure in the hydraulic supply 112 may be between 2000-3000 psi.
The actuator cylinders 48 and 50 may operate at this pressure to drive the openers 25
of the center toolbar into the soil, and to provide a platform for other cylinders to
drive the openings of their respective wing toolbar into the soil. In operation,
pressurized hydraulic fluid flowing through line 114 urges the actuators 48 and 50 to
contract, thereby providing additional down pressure to the center tool bar that drives

the openers on the center toolbar 26 to the proper depth in the soil.

[0023]  As explained above, the line 116 supplies pressurized hydraulic fluid to the
actuator cylinders 44 and 46. As illustrated, the hydraulic fluid flowing through line
116 passes through a pressure reducing relieving valve 120. The pressure reducing

relieving valve 120 reduces the hydraulic pressure of the fluid from the supply 112 to
a desired pressure for the actuators 44 and 46 (e.g., 150-800 psi). The pressure
reducing relieving valve 120 may be adjusted to the desired pressure (i.e., a pressure
sufficient to drive the openers to engage the soil without substantially compacting the

soil with the gauge wheels). The excess pressurized fluid is relieved from the valve
120 through hydraulic fluid line 122, which flows the fluid back to the supply 112.
Accordingly, the valve 120 units pressure to the actuator cylinders 44 and 46. The
pressurized hydraulic fluid flows through the valve 120 and into the actuators 44 and
46, driving the actuators to extend. The extension of the actuators 44 and 46 provides
additional down pressure on the inner-wing toolbars 28, thereby driving the openers

25 into the soil until the gauge wheels 34 resist additional downward movement. As
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explained, excessive force may drive the gauge wheels into the soil, and thus the

openers 25 to the wrong depth. Accordingly, the pressure reducing relieving valve

120 may adjustably enable sufficient down force to be applied to the openers to

penetrate the soil, but not over-penetrate.

[0024]  Line 118 supplies hydraulic fluid to the actuators 40 and 42. The hydraulic
fluid flowing through line 118 passes through pressure reducing relieving valve 124.
The pressure reducing relieving valve 124 reduces the hydraulic pressure of the fluid
from the supply 112 to a desired pressure for the actuators 40 and 42. The desired
pressure for the actuators 40 and 42 may be the same as or differ from the pressure
supplied to the inner-wing toolbars 28 through the actuators 44 and 46 or the center
toolbar through the actuators 48 and 50 (e.g., 150-800 psi). The excess pressurized
fluid 1s relieved from the valve 124 through hydraulic fluid line 126, which flows the
fluid back to the supply 112. Accordingly, the valve 124 limits pressure from
traveling through the lines 118 to the actuators 40 and 42. The pressurized hydraulic
fluid flows through the valve 124 and into the actuators 40 and 42, driving the
actuators to extend. The extension of the actuators 40 and 42 provides additional
down pressure on the outer-wing toolbars 30, driving the openers 25 to the proper
depth in the soil. The pressure reducing relieving valve 124 prevents the actuators 40
and 42 from creating excess down force on the outer-wing toolbars 30. As explained,
excessive force may drive the gauge wheels 34 into the soil and thus the openers 25 to
the wrong depth. Accordingly, the pressure reducing relieving valve 124 may

adjustably enable sufficient down force to be applied to the openers to penetrate the

soil, but not over-penetrate.

[0025] While only certain features of the invention have been illustrated and
described herein, many modifications and changes will occur to those skilled n the

art. It is, 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.

10
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CLAIMS:

1. An agricultural implement system, comprising:

a center toolbar including at least one ground engaging tool;

a first inner-wing toolbar rotatably coupled to the center toolbar, the first
inner-wing toolbar including at least one ground engaging tool;

a first outer-wing toolbar rotatably coupled to the first inner-wing toolbar, the
tirst outer-wing toolbar including at least one ground engaging tool;

a first actuating cylinder coupled to the center toolbar, wherein the first
actuating cylinder is configured to apply a first down force to the center toolbar to
drive the at least one ground engaging tool of the center toolbar to penetrate soil;

a second actuating cylinder extending between the center toolbar and the first
inner-wing toolbar, wherein the second actuating cylinder is configured to apply a
second down force to the first inner-wing toolbar to drive the at least one ground
engaging tool of the first inner-wing toolbar to penetrate the soil;

a third actuating cylinder extending between the first inner-wing toolbar and
the first outer-wing toolbar, wherein the third actuating cylinder is configured to apply
a third down force to the first outer-wing toolbar to drive the at least one ground
engaging tool of the first outer-wing toolbar to penetrate the soil; and

a control system configured to drive the first actuating cylinder, the second
actuating cylinder, and the third actuating cylinder, such that the first down force is
greater than the second down force, and the second down force is greater than the

third down force.

2. The agricultural implement system of claim 1, comprising:

a second inner-wing toolbar rotatably coupled to the center toolbar on an
opposite lateral side from the first inner-wing toolbar, the second inner-wing toolbar
including at least one ground engaging tool; and

a fourth actuating cylinder extending between the center toolbar and the
second inner-wing toolbar, wherein the fourth actuating cylinder is configured to
apply a fourth down force to the second inner-wing toolbar to drive the at least one

ground engaging tool of the second inner-wing toolbar to penetrate the soil.

11
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3. The agricultural implement system of claim 2, comprising:

a second outer-wing toolbar rotatably coupled to the second inner-wing
toolbar, the second outer-wing toolbar including at least one ground engaging tool;
and

a fifth actuating cylinder extending between the second inner-wing toolbar and
the second outer-wing toolbar, wherein the fifth actuating cylinder is configured to
apply a fifth down force to the second outer-wing toolbar to drive the at least one

ground engaging tool of the second outer-wing toolbar to penetrate the soil.

4, The agricultural implement system of claim 3, wherein the control
system configured to drive the fourth actuating cylinder, and the fifth actuating

cylinder, such that the first down force is greater than the fourth down force, and the

fourth down force is greater than the fifth down force

. The agricultural implement system of claim 1, wherein:

the first actuating cylinder, the second actuating cylinder, and the third
actuating cylinder are pneumatically or hydraulically operated; and

the control system comprises a flow control circuit configured to provide a
first fluid pressure to the first actuating cylinder, to provide a second tluid pressure,
less than the first fluid pressure, to the second actuating cylinder, and to provide a

third fluid pressure, less than the second fluid pressure, to the third actuating cylinder.

0. The agricultural implement system of claim 5, wherein the flow
control circuit facilitates independent adjustment of at least the second and third fluid

pressures.

7. The agricultural implement system of claim 6, wherein the flow
control circuit comprises a first pressure reducing relieving valve configured to adjust

the second fluid pressure to the second actuating cylinder.

12
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8. The agricultural implement system of claim 7, wherein the flow
control circuit comprises a second pressure reducing relieving valve configured to

adjust the third fluid pressure to the third actuating cylinder.

9. The agricultural implement system of claim 8, wherein the first and
second pressure reducing relieving valves are configured to adjust the first and second
fluid pressures such that the at least one ground engaging tool of the center tool bar,
the at least one ground engaging tool of the first inner-wing toolbar, and the at least

one ground engaging tool of the first outer-wing toolbar penetrate the soil with

substantially equal contact forces.

10.  An agricultural implement system, comprising:

a frame;

a storage tank connected to the frame, and configured to store a material;

a center toolbar connected to the frame, the center toolbar including at least
one opener;

a first inner-wing toolbar and a second inner-wing toolbar pivotably connected
to opposite ends of the center toolbar, and wherein the first and second inner-wing
toolbars include at least one opener;

a first outer-wing toolbar and a second outer-wing toolbar pivotably connected
to the respective first and second inner-wing toolbars, and wherein the first and
second inner-wing toolbars include at least one opener; and

a first actuating cylinder, a second actuating cylinder, a third actuating

cylinder, a fourth actuating cylinder, and a fifth actuating cylinder configured to apply
a down force on the respective center toolbar, first inner-wing toolbar, second inner-
wing toolbar, first outer-wing toolbar, and second outer-wing toolbar to drive the

openers to penetrate the soil with substantially equal contact forces.
11.  The crop production system of claim 10, wherein the first inner-wing

toolbar, second inner-wing toolbar, first outer-wing toolbar, and second outer-wing

toolbar include a respective gauge wheel.

13
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12.  The crop production system of claim 11, further comprising a flow
control circuit to control a pressurized fluid configured to actuate the first actuating
cylinder, the second actuating cylinder, the third actuating cylinder, the fourth
actuating cylinder, and the fifth actuating cylinder, and wherein the fluid circuit varies

the tluid pressure between the first, second, third, fourth, and fifth actuating cylinders.

13.  The crop production system of claim 12, wherein the flow control
circuit includes a first pressure reducing relieving valve configured to reduce pressure

on the second and third actuating cylinders to a first pressure.

14.  The crop production system of claim 13, wherein the flow control
circuit includes a second pressure reducing relieving valve configured to reduce
pressure on the fourth and fifth actuating cylinders to a second pressure and wherein

the second pressure is less than the first pressure.

135. The crop production system of claim 10, wherein the crop production
system is configured to move a material from the storage tank along the center
toolbar, first inner-wing tool bar, second inner-wing tool bar, first outer-wing toolbar,

and second outer-wing toolbar, and deposits the material behind the openers.

16.  An agricultural implement system, comprising:
a center toolbar with at least one opener;

a first inner-wing toolbar and a second inner-wing toolbar pivotably connected

to opposite ends of the center toolbar, and wherein the first and second inner-wing
toolbars include at least one opener;

a first outer-wing toolbar and a second outer-wing toolbar pivotably connected
to the respective first and second inner-wing toolbars, and wherein the first and
second outer-wing toolbars include at least one opener;

a first actuating cylinder, a second actuating cylinder, a third actuating
cylinder, a fourth actuating cylinder, and a fifth actuating cylinder configured to apply

an adjustable down force on the respective center toolbar, first inner-wing toolbar,

14
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second inner-wing toolbar, first outer-wing toolbar, and second outer-wing toolbar to
drive the openers into the soil; and

a tluid control circuit configured to control a downward force on the center
toolbar, first inner-wing toolbar, second inner-wing toolbar, first outer-wing toolbar,

and second outer-wing toolbar so that the openers penetrate the soil with substantially

equal contact forces.

17.  The down pressure control system of claim 16, wherein the fluid
control circuit applies a first pressure to the center toolbar that is greater than the
pressure applied to the first inner-wing toolbar, second inner-wing toolbar, first outer-

wing toolbar, and second outer-wing toolbar.

18.  The down pressure control system of claim 16, wherein the fluid

control circuit applies a second pressure to the first and second inner-wing toolbars.

19.  The down pressure control system of claim 16, wherein the ftluid

control circuit applies a third pressure to the first and second outer-wing toolbars.

20.  The down pressure control system of claim 16, wherein the fluid

control circuit includes at least one pressure reducing relieving valve.

15
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