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An agricultural implement includes at least one row unit 
having a plurality of Support members, each of which is 
pivotably coupled to an attachment frame or another of the 
Support members to permit vertical pivoting vertical move 
ment of the Support members, and a plurality of soil-engaging 
tools, each of which is coupled to at least one of the Support 
members. A plurality of hydraulic cylinders are coupled to the 
Support members for urging the Support members down 
wardly toward the soil. A plurality of controllable pressure 
control valves are coupled to the hydraulic cylinders for con 
trolling the pressure of hydraulic fluid supplied to the cylin 
ders. A plurality of sensors produce electrical signals corre 
sponding to predetermined conditions, and a controller is 
coupled to the sensor and the controllable pressure control 
valves. The controller receives the electrical signals from the 
sensors and produces control signals for controlling the pres 
Sure control valves. 
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application Ser. No. 13/075,574, filed Mar. 30, 2011 (Attor 
ney Docket No. 000062USP1), which is a continuation-in 
part of U.S. patent application Ser. No. 12/882.627, filed Sep. 
15, 2010 (Attorney Docket No. 000062USPT), 
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ties. 

FIELD OF THE INVENTION 

0007. The present invention relates generally to agricul 
tural equipment and, more particularly, to row crop imple 
ments having automatic control systems. 

SUMMARY 

0008. In accordance with one embodiment, an agricultural 
implement is provided for use with a towing frame hitched to 
a tractor having a hydraulic system for Supplying pressurized 
hydraulic fluid to the implement. The implement includes at 
least one row unit having (1) an attachment frame adapted to 
be rigidly connected to the towing frame, (2) a plurality of 
support members, each of which is pivotably coupled to the 
attachment frame or another of the Support members to per 
mit vertical pivoting vertical movement of the Support mem 
bers, (3) a plurality of soil-engaging tools, each of which is 
coupled to at least one of the Support members, (4) a plurality 
of hydraulic cylinders, each of which is coupled to one of the 
Support members for urging the respective Support member 
downwardly toward the soil, each of the hydraulic cylinders 
including a movable ram extending into the cylinder, (5) a 
plurality of hydraulic lines, each of which is coupled to one of 
the hydraulic cylinders for Supplying pressurized hydraulic 
fluid to the respective cylinders, (6) a plurality of controllable 
pressure control valves, each of which is coupled to one of the 
hydraulic lines for controlling the pressure of hydraulic fluid 
supplied by the respective hydraulic lines to the respective 
cylinders, (7) a plurality of sensors, each of which produces 
an electrical signal corresponding to a predetermined condi 
tion, and (8) at least one controller coupled to the sensor and 
the controllable pressure control valves, the controller being 
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adapted to receive the electrical signal from the sensors and 
produce a control signal for controlling the pressure control 
valves. 
0009. In one implementation, the plurality of sensors 
include at least one sensor selected from the group consisting 
of a pressure sensor detecting the force applied by one of the 
hydraulic cylinders to the support member to which that 
cylinder is coupled. 
0010. In accordance with another embodiment, an agricul 
tural row unit attachable to a towing frame for movement over 
a field having varying hardness conditions, comprises a soil 
penetrating tool, a gauge wheel mounted for rolling engage 
ment with the SoilSurface, and a sensor coupled to the tool and 
the gauge wheel for detecting changes in the difference 
between the vertical positions of the tool and the gauge wheel, 
and producing an output corresponding to the changes. A 
controllable actuator is coupled to the tool for applying a 
downward pressure on the tool, and a control system is 
coupled to the actuator and receiving the output of the sensor 
for controlling the actuator and thus the downward pressure 
on the tool. 
0011. In one implementation, the agricultural row unit is a 
planting row unit that includes an opening device for opening 
a furrow into which seeds can be planted, and the soil-pen 
etrating tool is at least one closing wheel for closing the 
furrow after seeds have been deposited into the furrow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The invention may best be understood by reference 
to the following description taken in conjunction with the 
accompanying drawings, in which: 
0013 FIG. 1 is a perspective view of a planting row unit 
attached to a towing frame. 
0014 FIG. 2 is a partially sectioned side elevation of the 
planting row unit of FIG. 1 with the linkage that connects the 
row unit to the towing frame in a level position. 
0015 FIG.3 is the same side elevation shown in FIG. 1 but 
with the linkage tilted upwardly to move the row unit to a 
raised position. 
0016 FIG. 4 is the same side elevation shown in FIG.1 but 
with the linkage tilted downwardly to move the row unit to a 
lowered position. 
(0017 FIG. 5 is a top plan view of the hydraulic cylinder 
and accumulator unit included in the row unit of FIGS. 1-4. 

0018 FIG. 6 is a vertical section taken along line 6-6 in 
FIG.S. 

0019 FIG. 7 is a side elevation of the unit shown in FIGS. 
5 and 6 connected to a pair of Supporting elements, with the 
Support structures and the connecting portions of the hydrau 
lic cylinder shown in section. 
0020 FIGS. 8A and 8B are enlarged cross sectional views 
of the supporting structures shown in section in FIG. 7. 
0021 FIG. 9 is an enlarged perspective of the right-hand 
end portion of FIG. 1 with a portion of the four-bar linkage 
broken away to reveal the mounting of the hydraulic cylinder/ 
accumulator unit. 
0022 FIG. 10 is a schematic diagram of a first hydraulic 
control system for use with the row unit of FIGS. 1-9. 
0023 FIG. 11 is a schematic diagram of a second hydrau 
lic control system for use with the row unit of FIGS. 1-9. 
0024 FIG. 12 is a diagram illustrating one application of 
the hydraulic control system of FIG. 11. 
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0025 FIG. 13 is a side elevation of a modified embodi 
ment having the hydraulic control unit coupled to the closing 
wheels of the row unit; 
0026 FIG. 14 is a side elevation of a further modified 
embodiment having the hydraulic control unit coupled to the 
closing wheels of the row unit; 
0027 FIG. 15 is yet another modified embodiment having 
the hydraulic control unit coupled to the closing wheels of the 
row unit; 
0028 FIG. 16 is a side elevation of another modified 
embodiment of a hydraulic control unit; 
0029 FIG. 17 is an enlarged section taken along the line 
17-17 in FIG. 16; and 
0030 FIG. 18 is a schematic diagram of the hydraulic 
circuit in the unit of FIGS. 16 and 17. 
0031 FIG. 19 is a perspective view of a standard configu 
ration of a hydraulic system. 
0032 FIG.20A is an exploded view of a standard configu 
ration of a hydraulic assembly. 
0033 FIG. 20B is an assembled perspective view of FIG. 
20A 
0034 FIG. 21 is a perspective view of a hose connection 
manifold. 
0035 FIG.22A is a top cross-sectional view of FIG.20B. 
0036 FIG.22B is a side cross-sectional view of FIG.20B. 
0037 FIG. 23 is a rear perspective view of an alternative 
configuration of the hydraulic system of FIG. 19. 
0038 FIG.24A is an exploded view of an alternative con 
figuration of a hydraulic assembly. 
0039 FIG.24B is an assembled perspective view of FIG. 
24A. 
0040 FIG. 25A is a perspective view of a control mani 
fold. 
0041 FIG.25B is a left cross-sectional view of the control 
manifold of FIG. 25A. 
0042 FIG. 25C is a right cross-sectional view of the con 

trol manifold of FIG. 25A. 
0043 FIG. 26 is a top plan view of a hydraulic cylinder for 
a row unit. 
0044 FIG. 27A is a vertical section taken along line 27A 
27A in FIG. 26. 
0045 FIG. 27B is an enlarged view of a ram leading area 
that is shown in FIG. 27A. 
0046 FIG. 28A is a side elevation of a hydraulic control 
system with double-acting ram for use with a row unit. 
0047 FIG.28B is an enlarged view illustrating a hydraulic 
control unit of the hydraulic control system of FIG. 28A. 
0048 FIG. 29 is a perspective view of an agricultural 
opener device with integrated controller. 
0049 FIG. 30 is a schematic diagram of a hydraulic con 

trol system having integrated controllers in one or more row 
units. 
0050 FIG. 31 is a schematic diagram of a hydraulic con 

trol system for use with a row unit. 
0051 FIG.32 is a partial perspective of a linkage assembly 
with two actuators for controlling a row unit. 
0052 FIG.33 is a side illustration of the linkage assembly 
of FIG. 32. 
0053 FIG. 34 illustrates an actuator having two energy 
storage devices. 
0054 FIG.35 illustrates a tractor towing a plurality of row 
units having status indicators. 
0055 FIG. 36 is a perspective view of a soil-hardness 
sensing device attached to a planting row unit. 
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0056 FIG. 37 is a schematic side elevation illustrating the 
soil-hardness device attached to the planting row unit. 
0057 FIG.38 is a schematic diagram illustrating the deter 
mination of hydraulic pressures for a planting row unit. 
0.058 FIG. 39A is a side elevation of an agricultural sys 
tem moving over Soft Soil conditions. 
0059 FIG. 39B is a side elevation of the agricultural sys 
tem of FIG. 39A in which a soil-hardness sensing device is 
moving over hard Soil conditions. 
0060 FIG. 39C is a side elevation of the agricultural sys 
tem of FIG. 39B in which a planting row unit is moving over 
the hard soil conditions. 
0061 FIG. 40A is a schematic side elevation illustrating 
sensing of soil conditions and determining of hydraulic pres 
Sures for a planting row unit. 
0062 FIG. 40B is a flowchart of an algorithm for adjusting 
a pressure applied to a soil-hardness sensing device. 
0063 FIG. 40C is a flowchart of an algorithm for adjusting 
a user-defined variable associated with a pressure applied to a 
planting row unit. 
0064 FIG. 40D is a flowchart of an algorithm for adjusting 
a user-defined variable associated with a pressure applied to a 
row-clearing unit. 
0065 FIG. 41A is a top elevation illustrating an agricul 
tural system in which a plurality of planting row units are 
adjusted by two soil-hardness sensing devices. 
0.066 FIG. 41B is a side elevation illustrating the agricul 
tural system of FIG. 41B. 
0067 FIG. 42 is a side elevation illustrating an alternative 
embodiment of the soil-hardness sensing device with modu 
lar actuators. 
0068 FIG. 43 is a perspective view illustrating an alterna 
tive modular unit. 
0069 FIG. 44A is side elevation illustrating an alternative 
embodiment of the Soil-hardness sensing device with a modi 
fied blade arm. 
0070 FIG. 44B is an enlarged exploded illustration of a 
distal end of the blade arm. 
0071 FIG. 44C is a side elevation of a row unit having a 
ground hardness sensor integrated with a furrow-closing 
device that includes a pair of toothed wheels and a ground 
gauge wheel. 
0072 FIG. 44D is an enlarged sectional view of a proxim 
ity sensing device included in the ground hardness sensor in 
the row unit shown in FIG. 44C. 
0073 FIG. 44E is the same side elevation shown in FIG. 
44C, with the closing wheels at a higher elevation than shown 
in FIG. 44C. 
0074 FIG. 44F is an enlarged sectional view of the prox 
imity sensor shown in FIG. 44D, with the closing wheels in 
the position shown in FIG. 44E. 
0075 FIG. 44G is an enlarged exploded perspective view 
of the closing wheel support arm shown in FIGS. 44C-44F, 
and the sensing device coupled to the upper end of that Sup 
port arm. 
0076 FIG. 45 is a schematic diagram of a hydraulic con 
trol system for controlling the hydraulic pressure in a hydrau 
lic cylinder. 
0077 FIG. 46A is a schematic diagram of a modified 
hydraulic control system for controlling the hydraulic pres 
Sure in a hydraulic cylinder. 
0078 FIG. 46B is a waveform diagram illustrating differ 
ent modes of operation provided by the hydraulic control 
systems of FIGS. 45 and 46A. 
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007.9 FIG. 46C is a diagrammatic illustration of an elec 
trical control system for use with the hydraulic control sys 
tems of FIGS. 45 and 46A. 
0080 FIG. 47 is a side elevation of a planting row unit and 
a row-clearing unit, both attached to a towing frame, with the 
row-clearing unit in a lowered position. 
0081 FIG. 48 is the same side elevation shown in FIG. 47 
with the row-clearing unit in a raised position. 
0082 FIG. 49 is an enlarged perspective of the row-clear 
ing unit shown in FIGS. 47 and 48. 
0083 FIGS. 50, 51 and 52 are side elevations of the main 
components of the row-clearing unit shown in FIGS. 47-49 in 
three different vertical positions. 
0084 FIGS. 53, 54 and 55 are side elevations of the 
hydraulic cylinder of the row-clearing unit shown in FIGS. 
47-52 with the cylinder rod in three different positions corre 
sponding to the positions shown in FIGS. 51, 52 and 50. 
respectively. 
0085 FIG. 56 is a schematic diagram of a first hydraulic 
control system for use in controlling the row-clearing unit 
shown in FIGS. 47-52. 
I0086 FIG. 57 is a schematic diagram of a second hydrau 
lic control system for use in controlling the row-clearing unit 
shown in 47-52. 
0087 FIG.58 is a functional block diagram of a hydraulic 
control system for use with multiple row units. 
I0088 FIG. 59 is a perspective view similar to that of FIG. 
49 but modified to include a pressure sensor, in the form of a 
load cell. 
0089 FIG. 60 is an enlarged section view taken longitu 
dinally through the middle of the load cell shown in FIG. 59. 
0090 FIG. 61 is a side elevation of a modified embodi 
ment having multiple control systems. 
0091 FIG. 62 is a block diagram of the multiple control 
systems for multiple row units of the type illustrated in FIG. 
61, and a display coupled to the control systems in the mul 
tiple row units. 
0092 FIG. 63 is a block diagram of a slightly simplified 
version of the system illustrated in FIG. 62. 
0093 FIG. 64 is a a block diagram of a further simplified 
version of the system illustrated in FIG. 62. 
0094 FIG.65 is a block diagram of multiple control valves 
for multiple row units arranged in multiple groups or sections. 
0095 FIG. 66A is an exemplary display configured to 
depict real-time graphics when an implement is moving 
across a field. 
0096 FIG. 66B is an exemplary display depicting real 
time graphics of one or more performance metrics relating to 
a tool as it is moving across a field. 
0097 FIG. 66C is an exemplary display depicting a modi 
fied screen for monitoring one or more parameters associated 
with one or more tools across all the row units of a planter. 
0098 FIG. 66D shows an exemplary number keypad that 
can be used by the operator to quickly select a row unit for 
immediate monitoring as the row units are being moved 
across a field. 
0099 FIG. 66E is an exemplary display depicting an 
exemplary row diagnostics screen with tool parameter moni 
tor windows. 

0100 FIG. 67 is a series of plots representing the varia 
tions in electrical parameters representing the performance of 
an implement as it traverses an agricultural field. 
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0101 FIG. 68 is an exemplary touch-screen display 
depicting a control panel for use by an operator to select the 
type of tool to be monitored on the display. 
0102 FIG. 69 is exemplary display depicting an interac 
tive map screen. 
(0103 FIG. 70 is a flowchart of an algorithm that can be 
used in connection with FIG. 40B. 

DETAILED DESCRIPTION OF ILLUSTRATED 
EMBODIMENTS 

0104. Although the invention will be described in connec 
tion with certain preferred embodiments, it will be under 
stood that the invention is not limited to those particular 
embodiments. On the contrary, the invention is intended to 
cover all alternatives, modifications, and equivalent arrange 
ments as may be included within the spirit and scope of the 
invention as defined by the appended claims. 
0105 Turning now to the drawings, a planting row unit 10 
includes a furrow-opening device for the purpose of planting 
seed or injecting fertilizer into the soil. In the illustrated 
embodiment, the furrow-opening device is a V-opener 11 
formed by a pair of conventional tilted discs depending from 
the leading end of a row unit frame 12. It will be understood 
that other furrow-opening devices may be used. A conven 
tional elongated hollow towing frame 13 (typically hitched to 
a tractor by a draw bar) is rigidly attached to the front frame 
14 of a conventional four-bar linkage assembly 15 that is part 
of the row unit 10. The four-bar (sometimes referred to as 
“parallel-bar') linkage assembly 15 is a conventional and 
well known linkage used in agricultural implements to permit 
the raising and lowering of tools attached thereto. 
0106. As the planting row unit 10 is advanced by the 
tractor, the V-opener 11 penetrates the soil to form a furrow or 
seed slot. Other portions of the row unit 10 then deposit seed 
in the seed slot and fertilizer adjacent to the seed slot, and 
close the seed slot by distributing loosened soil into the seed 
slot with a pair of closing wheels 16. A gauge wheel 17 
determines the planting depth for the seed and the height of 
introduction of fertilizer, etc. Bins 18a and 18b on the row 
unit carry the chemicals and seed which are directed into the 
soil. The planting row unit 10 is urged downwardly against 
the Soil by its own weight, and, in addition, a hydraulic cyl 
inder 19 is coupled between the front frame 14 and the linkage 
assembly 15 to urge the row unit 11 downwardly with a 
controllable force that can be adjusted for different soil con 
ditions. The hydraulic cylinder 19 may also be used to lift the 
row unit off the ground for transport by a heavier, stronger, 
fixed-height frame that is also used to transport large quanti 
ties of fertilizer for application via multiple row units. 
0107 The hydraulic cylinder 19 is shown in more detail in 
FIGS. 5 and 6. Pressurized hydraulic fluid from the tractor is 
Supplied by a hose 20 to a port 21 that leads into a matching 
port 22 of a housing 23 that forms a cavity 24 of a hydraulic 
cylinder containing a ram 25. The housing 23 also forms a 
side port 26a that leads into cavity 26b that contains a gas 
charged hydraulic accumulator 27. The lower end of the cav 
ity 24 is formed by the top end surface of the ram 25, so that 
the hydraulic pressure exerted by the hydraulic fluid on the 
end surface of the ram 25 urges the ram downwardly (as 
viewed in FIG. 6), with a force determined by the pressure of 
the hydraulic fluid and the area of the exposed end surface of 
the ram 25. The hydraulic fluid thus urges the ram 25 in an 
advancing direction (see FIG. 4). 
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0108. As can be seen most clearly in FIG.9, the hydraulic 
cylinder 19 and the accumulator 27 are mounted as a single 
unit on the front frame 14, with the lower end of the ram 25 
connected to a cross bar 30 that is joined at one end to a 
vertical link 31. The upper and lower ends of the link 31 are 
pivotably attached to upper and lower links 15a and 15b, 
respectively, on one side of the four-bar linkage 15. The other 
end of the cross bar 30 is angled upwardly and pivotably 
attached to the upper link 15c on the opposite side of the 
four-bar linkage 15. With this mounting arrangement, retract 
ing movement of the ram 25 into the cavity 24 tilts the linkage 
assembly 15 downwardly, as depicted in FIG. 3, thereby 
lowering the row unit. Conversely, advancing movement of 
the ram 25 tilts the linkage assembly 15 upwardly, as depicted 
in FIG. 4, thereby raising the row unit. 
0109 The accumulator 27 includes a diaphragm 28 that 
divides the interior of the accumulator into a hydraulic-fluid 
chamber 29a and a gas-filled chamber 29b, e.g., filled with 
pressurized nitrogen. FIG. 2 shows the ram 25 in a position 
where the diaphragm 28 is not deflected in either direction, 
indicating that the pressures exerted on opposite sides of the 
diaphragm are substantially equal. In FIG. 3, the ram 25 has 
been retracted by upward movement of the row unit, and the 
diaphragm 28 is deflected downwardly by the hydraulic fluid 
forced into the accumulator 27 by the retracting movement of 
the ram 25. In FIG. 4, the ram 25 has been moved to its most 
advanced position, and the diaphragm 28 is deflected 
upwardly by the air pressure as hydraulic fluid flows from the 
accumulator into the cavity 24. The use of this compact 
hydraulic down-force unit with an integral accumulator on 
each row unit provides the advantages of quick response and 
remote adjustability of a hydraulic down-force control sys 
tem. If an obstruction requires quick movement, oil can flow 
quickly and freely between the force cylinder and the adjacent 
accumulator, without exerting force on other actuators in the 
system. 
0110. As can be seen in FIG. 4, advancing movement of 
the ram 25 is limited by engagement of stops 40, 42 on the 
lower links of the four-bar linkage 15, with the row unit frame 
12. This prevents any further advancement of the ram 25. 
Advancing movement of the ram 25 expands the size of the 
cavity 24 (see FIG. 4), which causes the diaphragm 28 in the 
accumulator 27 to deflect to the position illustrated in FIG. 4 
and reduce the amount of hydraulic fluid in the accumulator 
27. When the ram 25 is in this advanced position, the row unit 
is in its lowermost position. 
0111. In FIG.3, the ram 25 has been withdrawn to its most 
retracted position, which can occur when the row unit 
encounters a rock or other obstruction, for example. When the 
ram 25 is in this retracted position, the row unit is in its 
uppermost position. As can be seen in FIG. 3, retracting 
movement of the ram 25 is limited by engagement of stops 40, 
42 on the lower links of the four-bar linkage 15, with the row 
unit frame 12. 

0112 Retracting movement of the ram 25 reduces the 
volume of the cavity 24 (see FIG. 3), which causes a portion 
of the fixed volume of hydraulic fluid in the cylinder 19 to 
flow into the chamber 29a of the accumulator 27, causing the 
diaphragm 28 to deflect to the position illustrated in FIG. 3. 
This deflection of the diaphragm 28 into the chamber 29b 
compresses the gas in that chamber. To enter the chamber 29a, 
the hydraulic fluid must flow through a port 32 in the top of the 
accumulator 27, which limits the rate at which the hydraulic 
fluid flows into the accumulator. This controlled rate of flow 
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of the hydraulic fluid has a damping effect on the rate at which 
the ram 25 retracts or advances, thereby avoiding sudden 
large movements of the moving parts of the row unit, includ 
ing the V-opener 11. This effect also minimizes vibration to 
improve accuracy of seed metering. 
0113. When the external obstruction causing the row unit 
10 to rise is cleared, the combined effects of the pressurized 
gas in the accumulator 27 on the diaphragm 28 and the pres 
sure of the hydraulic fluid return the ram 25 to a lower posi 
tion. This downward force on the V-opener 11 holds it in the 
soil and prevents uncontrolled bouncing of the V-opener 11 
over irregular terrain. The downward force applied to the 
V-opener 11 can be adjusted by changing the pressure of the 
hydraulic fluid supplied to the cylinder 19. 
0114. As can be seen in FIGS. 5 and 6, the single unitary 
housing 23 forms both the cavity 26b that contains the accu 
mulator 27 and the cavity 24 of the hydraulic cylinder 19 and 
the fluid passageway 24 that connects the cavity 24 of the 
hydraulic cylinder 19 to the cavity 27 of the accumulator. By 
integrating the hydraulic cylinder 19 and the accumulator 27 
in a single housing, there is no relative motion possible 
between the cylinder 19 and the accumulator 27, with mini 
mal possibility for fluid passageways to act like orifices. The 
cylinder 19 and the accumulator 27 remain in fixed positions 
relative to each other regardless of the movements of the 
planter row unit via the linkage assembly 15. In this way the 
upward motion of the ram 25 that occurs when the planter row 
unit rolls over an obstruction is directly converted into com 
pression of the gas in the accumulator 27 without restriction. 
It also allows the accumulator 27, which is by definition an 
energy storage device, to be mounted in a fully enclosed and 
safehousing. The accumulator 27 can be securely mounted to 
avoid puncture or rapid discharge (if it comes loose), or 
damage from hitting another part of the implement or a for 
eign object. The integrated cylinder and accumulator is also a 
convenient single package for installation and replacement 
and minimizes the number of hydraulic hoses and adapters 
(potential leakage points). 
0115 FIGS. 7, 8A and 8B illustrate in more detail how the 
illustrative hydraulic cylinder/accumulator unit is attached to 
the front frame 14 and the linkage assembly 15. The top of the 
unitary housing 23 forms a stem 41 that projects upwardly 
through a hole 51 in a bracket 50 attached to the front frame 
14. The outer surface of the stem 41 is threaded to receive a 
nut 52 that connects the housing 23 to the bracket 50. The hole 
51 is oversized and a rubber washer is installed on the stem 41 
between the nut 52 and the bracket 50 to allow a limited 
amount of tilting movement of the housing relative to the 
bracket 50. At the base of the stem 41, beneath the bracket 50, 
the housing 23 forms a shoulder 43 that engages a conical 
bearing ring 53 that also engages a mating lower Surface of a 
washer 54. Thus, the housing 23 can be tilted relative to the 
axis of the hole 51, with the shoulder 43 sliding over the lower 
surface of the bearing ring 53. 
0116. A similar arrangement is provided at the lower end 
of the ram 25, where a stem 60 extends downwardly through 
a hole 61 in the cross bar 30 that is pivotably attached to the 
linkage assembly 15. A nut 62 is threaded onto the stem 60 to 
connect the ram to the cross bar 30. The hole 61 is oversized 
and a rubber washer is installed on the stem 60 between the 
nut 62 and the crossbar 30 to allow a limited amount of tilting 
movement of the ram 25 relative to the crossbar 30. Above the 
crossbar 30, a flange 63 on the ram 25 forms a curved conical 
Surface 64 that engages a mating Surface of a curved conical 
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bearing ring 65 that also engages a mating upper Surface of a 
washer 66. Thus, the ram 25 can be tilted relative to the axis 
of the hole 61, with the flange 63 sliding over the upper 
surface of the bearing ring 65. 
0117 The use of a hydraulic system permits on-the-go 
adjustments to be made very rapidly because the hydraulic 
fluid is incompressible and therefore acts more directly than 
an air system. In addition, hydraulic fluids typically operate at 
higher pressures, which allow greater changes in applied 
forces. The accumulator 27 allows the fluid system to flex and 
float with the changing terrain and soil conditions. The accu 
mulator 27 is preferably centrally mounted so that when any 
single row unit moves over an obstruction, the down-pressure 
cylinder 19 moves to displace the hydraulic fluid along a 
common set of lines connecting all row units. The gas in the 
accumulator is compressed at the same time, allowing for 
isolation among the row units so that upward movement of 
one row unit does not cause downward movement of other 
row units. Although the illustrative hydraulic ram is single 
acting, it is also possible to use a double-acting ram, or a 
single-acting ram in combination with a return spring. 
0118. Another advantage of the compact hydraulic cylin 
der/accumulator unit is that it can be conveniently mounted to 
the same brackets that are provided in many row units for 
mounting an airbag, to control the down pressure on the row 
unit. For example, in FIG.9, the brackets 50 and 51 on which 
the hydraulic cylinder/accumulator is mounted are the brack 
ets that are often connected to an airbag, and thus the same 
row unit can be used interchangeably with eitheran airbag or 
the hydraulic cylinder/accumulator to control the down pres 
Sure on the row unit. 

0119 FIG. 10 is a schematic of a hydraulic control system 
for supplying pressurized hydraulic fluid to the cylinders 19 
of multiple row units. A source 100 of pressurized hydraulic 
fluid, typically located on a tractor, Supplies hydraulic fluid 
under pressure to a valve 101 via supply line 102 and receives 
returned fluid through a return line 103. The valve 101 can be 
set by an electrical control signal S1 on line 104 to deliver 
hydraulic fluid to an output line 105 at a desired constant 
pressure. The output line 105 is connected to a manifold 106 
that in turn delivers the pressurized hydraulic fluid to indi 
vidual feed lines 107 connected to the ports 21 of the respec 
tive hydraulic cylinders 19 of the individual row units. With 
this control system, the valve 101 is turned off, preferably by 
a manually controlled on/off valve V. after all the cylinders 19 
have been filled with pressurized hydraulic fluid, to maintain 
a fixed volume of fluid in each cylinder. 
0120 FIG. 11 is a schematic of a modified hydraulic con 

trol system that permits individual control of the supply of 
hydraulic fluid to the cylinder 19 of each separate row unit via 
feed lines 107 connected to the ports 21 of the respective 
cylinders 19, or to control valves for those cylinders. Portions 
of this system that are common to those of the system of FIG. 
10 are identified by the same reference numbers. The differ 
ence in this system is that each separate feed line 107 leading 
to one of the row units is provided with a separate control 
valve 110 that receives its own separate control signal on a 
line 111 from a controller 112. This arrangement permits the 
supply of pressurized hydraulic fluid to each row unit to be 
turned off and on at different times by the separate valve 110 
for each unit, with the times being controlled by the separate 
control signals supplied to the valves 110 by the controller 
112. The individual valves 110 receive pressurized hydraulic 
fluid via the manifold 106, and return hydraulic fluid to a 
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Sump on the tractor via separate return line 113 connected to 
a return manifold 114 connected back to the hydraulic system 
100 of the tractor. 

I0121 FIG. 12 illustrates on application for the control 
lable hydraulic control system of FIG. 11. Modern agricul 
tural equipment often includes GPS systems that enable the 
user to know precisely where a tractor is located in real time. 
Thus, when a gang of planting row units 120 towed by a 
tractor 121 begins to cross a headland 122 in which the rows 
123 are not orthogonal to the main rows 124 of a field, each 
planting row unit 120 can be turned off just as it enters the 
headland 122, to avoid double-planting while the tractor 121 
makes a turn through the headland. With the control system of 
FIG. 11, the hydraulic cylinder 19 of each row unit can also be 
separately controlled to turn off the supply of pressurized 
hydraulic fluid at a different time for each row unit, so that 
each row unit is raised just as it enters the headland, to avoid 
disrupting the rows already planted in the headland. 
(0.122 One benefit of the system of FIG. 11 is that as 
agricultural planters, seeders, fertilizer applicators, tillage 
equipment and the like become wider with more row units on 
each frame, often 36 30-inch rows or 54 20-inch rows on a 
single 90-foot wide toolbar, each row unit can float vertically 
independently of every other row unit. Yet the following row 
units still have the down force remotely adjustable from the 
cab of the tractor or other selected location. This permits very 
efficient operation of a wide planter or other agricultural 
machine in varying terrain without having to stop to make 
manual adjustment to a large number of row units, resulting in 
a reduction in the number of acres planted in a given time 
period. One of the most important factors in obtaining a 
maximum crop yield is timely planting. By permitting remote 
down force adjustment of each row unit (or group of units), 
including the ability to quickly release all down force on the 
row unit when approaching a wet spot in the field, one can 
significantly increase the planterproductivity or acres planted 
per day, thereby improving yields and reducing costs of pro 
duction. 

I0123. On wide planters or other equipment, at times 90 
feet wide or more and planting at 6 mph or more forward 
speed, one row unit must often rise or fall quickly to clear a 
rock or plant into an abrupt soil depression. Any resistance to 
quick movement results in either gouging of the soil or an 
uncleared portion of the field and reduced yield. With the row 
unit having its own hydraulic accumulator, the hydraulic cyl 
inder can move quickly and with a nearly constant down 
force. Oil displaced by or required by quick movement of the 
ram is quickly moved into or out of the closely mounted 
accumulator which is an integral part of each row unit. The 
accumulator diaphragm or piston Supplies or accepts fluid as 
required at a relatively constant pressure and down force as 
selected manually or automatically by the hydraulic control 
system. By following the soil profile closely and leaving a 
more uniform surface, the toolbar-frame-mounted row unit 
permits the planter row unit following independently behind 
to use less down force for its function, resulting in more 
uniform seed depth control and more uniform seedling emer 
gence. More uniform seedling stands usually result in higher 
yields than less uniform seedling stands produced by planters 
with less accurate row cleaner ground following. 
0.124 FIGS. 13-15 illustrate modified embodiments in 
which the hydraulic cylinder 200 urges the closing wheels 16 
downwardly with a controllable force that can be adjusted for 
different conditions. Referring first to FIG. 13, pressurized 



US 2016/0100517 A1 

hydraulic fluid from the tractor is supplied by a hose 201 to a 
port 202 of a housing 203 that forms a cavity of a hydraulic 
cylinder 204 containing a ram 205. The housing 203 also 
forms a side port 206 that leads into a cavity 207 that contains 
a gas-charged hydraulic accumulator 208. The lower end of 
the cavity 204 is formed by the top end surface of the ram 205, 
so that the hydraulic pressure exerted by the hydraulic fluid on 
the end surface of the ram 205 urges the ram downwardly (as 
viewed in FIG. 13), with a force determined by the pressure of 
the hydraulic fluid and the area of the exposed end surface of 
the ram 205. The hydraulic fluid thus urges the ram 205 in a 
downward direction. 

0.125. The hydraulic cylinder 204 and the accumulator 208 
are pivotably mounted as a single unit on the row unit frame 
210, with the lower end of the ram 205 pivotably connected to 
a linkage 211 that carries the closing wheels 16. With this 
mounting arrangement, advancing movement of the ram 205 
in the cylinder 204 tilts the linkage 211 downwardly, thereby 
urging the closing wheels 16 downwardly. Conversely, 
retracting movement of the ram 205 tilts the linkage 211 
upwardly, thereby raising the closing wheels 16. 
0126 FIG. 14 illustrates an arrangement similar to FIG.13 
except that the hydraulic cylinder 204 is charged with a pres 
surized gas in chamber 212 on the side of the ram 205 that is 
not exposed to the pressurized fluid from the hose 201. Thus, 
as the ram 205 is retracted by increasing the hydraulic pres 
Sure on one side of the ram, the gas on the other side of the ram 
is compressed and thus increases the resistance to retracting 
movement of the ram. The hydraulic cylinder 204 is posi 
tioned such that advancing movement of the ram 205 in the 
cylinder 204 tilts the linkage 211 upwardly, thereby raising 
the closing wheels 16. Conversely, retracting movement of 
the ram 205 tilts the linkage 211 downwardly, thereby urging 
the closing wheels 16 downwardly with an increased force. 
To increase the downward pressure on the closing wheels 16, 
the hydraulic pressure must overcome the gas pressure that 
increases as the ram 205 is retracted, but upward movement of 
the closing wheels (e.g., when an obstruction is encountered) 
requires only that the ram be advanced with sufficient pres 
sure to overcome that of the hydraulic fluid. 
0127. In FIG. 15, the arrangement is the same as in FIG. 
14, but the hydraulic control unit has an added biasing ele 
ment 220 on the side of the ram 205 that is not exposed to the 
pressurized hydraulic fluid. This biasing element 220 may be 
in addition to, or in place of pressurized gas in the hydraulic 
cylinder 204. The biasing element 220 may be formed by 
various types of mechanical springs, such as a compressed 
coil spring, or may be pressurized air, nitrogen or other gas. 
0128 FIGS. 16-18 illustrate a modified hydraulic control 
unit that includes a hydraulic cylinder 300 containing a ram 
301 that can be coupled at its lower end to a device on which 
the down pressure is to be controlled. Pressurized hydraulic 
fluid is supplied to the upper end of the cylinder 301 through 
a port 304. The cylinder 300 includes a side port 302 leading 
to an accumulator 303 of the type described above in connec 
tion with FIGS.5 and 6. The entry port 305 to the accumulator 
303 is equipped with a check valve 306 and restriction 307 as 
illustrated in FIG. 18. When the ram 301 is in a lowered 
position that opens the port 302, and is moved upwardly by an 
upward force applied by engagement of the controlled device 
with a rock or other obstruction, hydraulic fluid flows from 
the cylinder 300 into the accumulator 303 via the restriction 
307. The restriction acts as a damper to reduce the shock on 
the equipment and avoid excessive upward movement of the 
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ram 301. When the upward force on the ram has been 
removed, hydraulic fluid flows from the accumulator back 
into the cylinder 300 via the check valve 306, which allows 
unrestricted flow in this direction so that the controlled device 
quickly re-engages the ground with the down pressure 
exerted by the hydraulic fluid on the upper end of the ram 301. 
The check valve unit can be easily installed in the accumula 
tor entry port 305. Additionally, the check valve unit can have 
an orifice system that is bidirectional for damping motion, 
both in and out. 
0129. The term row unit refers to a unit that is attached to 
a towing frame in a way that permits the unit to move verti 
cally relative to the towing frame and other units attached to 
that same towing frame. Most row units are equipped to form, 
plant and close a single seed furrow, but row units are also 
made to form, plant and close two or more adjacent seed 
furrows. 
I0130 Referring to FIG. 19, a hydraulic system 400 
includes a hydraulic assembly 401, a front frame 404, and a 
four-bar linkage assembly 406. The four-bar linkage assem 
bly 406 is generally similar to the four-bar linkage assembly 
15 described above in reference to FIGS. 1-9. The four-bar 
linkage assembly 406 includes a pair of parallel lower links 
408a, 408b, a pair of parallel upper links 410a, 410b, and a 
crossbar 412. The hydraulic assembly 401 is rigidly attached 
to the four-bar linkage assembly 406 on a row-unit side, and 
the front frame 404 is pivotably attached to the four-bar 
linkage assembly 406 on a towing side. 
I0131 The hydraulic assembly 401 includes a hydraulic 
cylinder 402, an accumulator protective cover 420, and a hose 
connection manifold 424. The hydraulic cylinder 402 is gen 
erally similar to the hydraulic cylinders 19, 204 described 
above in reference to FIGS. 1-9 and 13-18, and includes an 
upper end 413a and a lower end 413b. The upper end is 
mounted to a bracket 414 of the linkage assembly 406, and the 
lower end 413b is mounted to the crossbar 412 of the linkage 
assembly 406. A gland and securing nut 418 (with internal 
seals) is interposed at the lower end 413b between the hydrau 
lic cylinder 402 and the cross bar 412. 
0.132. The accumulator protective cover 420 is mounted 
adjacent to and between a left upper link 410b and the hydrau 
lic cylinder 402. The accumulator protective cover 420 
shields from environmental contaminants and physical dam 
age an accumulator 422 (shown in FIG. 20A). In addition to 
protecting the accumulator 422, the accumulator protective 
cover 420 itself is provided with protection from physical 
damage, e.g., caused by debris, rocks, etc., by being located 
between the pair of upper links 410a, 410b. Although the 
upper links 410, 410b do not completely shield the accumu 
lator protective cover 420, the upper links 410, 410b provide 
Some protection from physical damage while, simulta 
neously, allowing ease of access for servicing and/or replac 
ing the accumulator 422. 
0133. The hose connection manifold 424, which is 
described in more detail below in reference to FIG. 21, is 
mounted adjacent to and between a right upper link 410a and 
the hydraulic cylinder 402. The hose connection manifold 
424 is configured such that it does not interfere with any of the 
other components of the hydraulic system 400, including the 
right upper link 410a, the hydraulic cylinder 402, and the 
accumulator protective cover 420. The hose connection mani 
fold 424 is coupled at a distal end to a pair of hydraulic fluid 
hoses, including an inlet hose 426 and an outlet hose 428. 
Assuming a configuration in which a plurality of units are 
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arranged in a parallel (or side-by-side) configuration, the inlet 
hose 426 receives and delivers hydraulic fluid from an adja 
cent row unit, and the outlet hose 428 connects to another 
adjacent row unit. 
0134. The attachment of the hoses 426, 428 to the hose 
connection manifold 424, in a position that is spaced away 
from the relatively more-cluttered area of the hydraulic cyl 
inder 402 and bracket 414, facilitates easy field servicing of 
the hoses 426, 428. For example, a user can easily couple/ 
uncouple the hoses 426, 428 to/from the hose connection 
manifold 424 by having a clear path directly to the hose 
connection manifold 424. 

0135 Referring to FIGS. 20A and 20B, the accumulator 
protective cover 420 includes a right cover 420a and a left 
cover 420b that are fastened to each other via a plurality of 
small nuts 434 and bolts 436. Enclosed within the accumula 
torprotective cover 420 is the accumulator 422, which has an 
accumulator end 430 that is inserted into a accumulator 
receiver 432 of the hydraulic cylinder 402. The accumulator 
receiver 432 extends from a main body 433 of the hydraulic 
cylinder 402 a sufficient distance to permit the mounting of 
the accumulator protective cover 420 without interfering with 
the hose connection manifold 424 (as further illustrated in 
FIG.22A). 
0136. The main body 433 of the hydraulic cylinder 402 
receives a spherical rod 438 for axial mounting below the 
accumulator receiver 432. The gland 418 is threaded into the 
hydraulic cylinder 402 after the spherical rod 438 is installed 
on the hydraulic cylinder 402. The gland 418 contains internal 
seals and wear rings to hold pressure and seal out contami 
nantS. 

0137 The hydraulic cylinder 402 further includes a 
mounting interface 440 extending from the main body 433 in 
an opposite direction relative to the accumulator receiver 432. 
The hose connection manifold 424 is mounted directly to the 
mounting interface 440 via a plurality of long bolts 442 that 
are received, respectively, in a plurality of threaded holes 444. 
An O-ring seal 441 is positioned between the control mani 
fold 424 and the hydraulic cylinder 402 to prevent leakage of 
hydraulic fluid. The hose connection manifold 424 has a 
mounting face 456 (shown in FIG. 21) that is aligned, when 
mounted, in contact with a receiving face 443 of the mounting 
interface 440. As illustrated in the exemplary embodiment, 
the mounting face 456 of the hose connection manifold 424 
and the receiving face 443 of the mounting interface 440 are 
configured such that they are complementary mating faces 
with the O-ring seal 441 holding pressure between the com 
ponents. 

0.138. The mounting interface 440 further facilitates a 
modular exchange between hose connection manifolds of 
different types. In the current illustration, the hose connection 
manifold 424 is an example of a standard configuration in 
which the manifold functions solely to attach hydraulic hoses 
and to circulate hydraulic fluid between the hydraulic source 
and the hydraulic cylinder 402. In an alternative configura 
tion, described in more detail below in reference to FIGS. 
23-25C, the same mounting interface 440 (without reliance 
on additional components or tools) is used to attach a mani 
fold of a different type. This modular exchange between 
different manifold types is beneficial for quick and easy 
replacement of the manifolds based on current planting 
needs, which can quickly change in real time due to weather 
conditions, terrain conditions, etc. 
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0.139. A pair of hose ends 446, 448 are attached to the hose 
connection manifold 424 at a distal end 450 for coupling the 
inlet and outlethoses 426,428. Specifically, an inlethose-end 
446 is coupled to the inlet hose 426 and an outlet hose-end 
446 is coupled to the outlethose 428. The hose ends 446, 448 
are attached to the distal end 450 in a generally parallel 
configuration relative to a central axis of the hydraulic cylin 
der 402. As discussed above, the attachment configuration of 
the hose ends 446, 448 to the hose connection manifold 424 
facilitates easy access and servicing of the inlet and outlet 
hoses 426, 428. 
0140. Referring to FIG. 21, the hose connection manifold 
424 is a valve-less manifold that lacks a control valve or a 
control module (in contrast to the integrated control manifold 
524 discussed below in reference to FIGS. 23-25C). The hose 
connection manifold 424 has a mounting end 452 that is 
separated from the distal end 450 by a manifold arm 454. The 
manifold arm 454 includes a curved section that offsets the 
mounting face 456 of the mounting end 452 by a distance D 
from an exterior surface 466 of the distal end 450. The offset 
distance D is helpful in minimizing space requirements for 
mounting the hose connection manifold 424 within the space 
defined by the upper links 410, 410b of the linkage assembly 
406. The manifold arm 454 is positioned generally parallel to 
the accumulator 422. 
0.141. The mounting face 456 includes a plurality of 
mounting holes 458 arranged in a concentric patternaround a 
central hydraulic hole 459, through which hydraulic fluid is 
delivered to the hydraulic cylinder 402. The pattern of the 
mounting holes 458 matches a pattern of the threaded holes 
444 of the mounting interface 440. When the hose connection 
manifold 424 is mounted to the hydraulic cylinder 402, the 
long bolts 442 are received through the mounting holes 458. 
0142. The hydraulic hole 459 is internally connected to an 
inlet port 460 and an outlet port 462 via an internal channel 
464 (illustrated in FIG.22A). The inlet port 460 is adapted to 
receive the inlethose-end 446, to which the inlethose 426 is 
coupled, and the outlet port 462 is adapted to receive the 
outlethose-end 446, to which the outlethose 428 is coupled. 
The inlet and outlet ports 460, 462 are aligned with a central 
axis of the internal channel 464 and are oriented perpendicu 
lar to the orientation of the hydraulic hole 459. Additionally, 
the spacing between the inlet port 460 and the outlet port 462 
facilitates parallel coupling of the two hose ends 446, 448 
adjacent to each other. 
0.143 Referring to FIGS. 22A and 22B, the configuration 
of the hydraulic assembly 401 facilitates delivery of hydraulic 
fluid to the hydraulic cylinder 402 in a relatively space-con 
strained environment while still providing easy access to 
main components, including the accumulator 422 and the 
hose connection manifold 424, for service and replacement. 
For example, referring specifically to FIG. 22A, hydraulic 
fluid circulates unrestricted between the hose connection 
manifold 424, the hydraulic cylinder 402, and the accumula 
tor 422 via the internal channel 464. The geometric configu 
ration of the hose connection manifold 424 facilitates mount 
ing the accumulator protective cover 420 close to the distal 
end 450 of the hose connection manifold 424 at a relatively 
Small distance Z, thus minimizing required mounting space, 
without causing interference between the hose connection 
manifold 424 and the accumulator protective cover 420. 
0144. In addition to the offset distance D, the distal end 
450 is further defined by a distance X that separates two 
extreme points of a central axis of the internal channel 464. 
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Specifically, distance X is defined by a point of the central 
axis near the distal end 450 and a point of the central axis near 
the mounting end 452. Although the offsetting of the two ends 
450, 452 does not impact the flow of hydraulic fluid, the 
offsetting helps increase clearance space between the hose 
connection manifold 424 and the linkage assembly 406. 
(0145 Referring more specifically to FIG. 22B, the inlet 
hose 426 and the outlet hose 428 can be easily and quickly 
removed, in the field, based at least on their parallel upward 
attachment to the hose connection manifold 424. Optionally, 
the inlethose 426 and the outlethose 428 can be daisy chained 
when using a typical side-by-side arrangement of row units. 
For example, in one illustrative example, a first row unit is 
connected directly to the hydraulic source via its inlet hose 
and directly to the inlet port of an adjacent second row unit via 
its outlet hose. Thus, the second row unit receives hydraulic 
fluid, indirectly, from the hydraulic source via the first row 
unit. The second row unit, is further daisy chained to an 
adjacent third row unit such that the outlethose of the second 
row unit is directly connected to the inlet port of the third row 
unit. This type of daisy-chain configuration can continue with 
dozens of row units. To change the configuration to a standard 
hose routing, one of the two ports 460, 462 is plugged and a 
tee is placed in front of the row unit Such that a single hose is 
connected to the hydraulic cylinder 402. 
014.6 Referring to FIG. 23, in an alternative configuration 
of the hydraulic system 400 the hose connection manifold 
424 has been replaced with the integrated control manifold 
524 that includes both an electronic control module 525 and 
a connection manifold 527 (both shown in FIGS. 24A and 
24B). The control manifold 524 is configured to fit within the 
upper links 410a, 410b next to the accumulator protective 
cover 420, similar to the hose connection manifold 424. Thus, 
similarly to the hose connection manifold 424, the control 
manifold 524 does not interfere with any components of the 
hydraulic system 400. Additionally, easy access is provided 
for a user to couple/uncouple the inlet and outlet hoses 426, 
428 to/from the control manifold 524. The control manifold 
524 is further connected to a control signal wire 529 for 
receiving control signals from a central processing unit. 
0147 One benefit of the control manifold 524 is that each 
row unit of a plurality of adjacent row units (in a side-by-side 
arrangement of row units) has its own pressure control valve. 
Assuming that the control manifold 524 is mounted in each of 
the plurality of row units, the down pressure in each row unit 
can be individually controlled. To achieve individual control, 
both the inlethose 426 and the outlet hose 428 of each row 
unit are connected to the hydraulic source in parallel. For 
example, the inlethose of a first row unit is connected to the 
tractor for Supplying constant pressure to the first row unit, 
and the outlethose of the first row unit is also connected to the 
tractor for returning hydraulic fluid from the first row unit. 
Similarly, the inlethose of a second row unit is connected to 
the tractor for Supplying constant pressure to the second row 
unit, and the outlet hose of the second row unit is also con 
nected to the tractor for returning hydraulic fluid from the 
second row unit. According to this example, the pressure in 
the first and second row units can be independently con 
trolled. 

0148 Referring to FIGS. 24A-24B, the control manifold 
524 is mounted to the hydraulic cylinder 402 using the same 
long bolts 442, which are fastened to the threaded holes 444. 
The control manifold 524 has a mating face 556 (shown in 
FIGS. 25A-25C) that is generally similar (if not identical) to 
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themating face 456 of the hose connection manifold 424. The 
mating face 556 is configured as a mating face for facilitating 
attachment of the control module 524 to the mounting inter 
face 440 (similar to the attachment of the hose connection 
manifold 424 to the mounting interface 440). An O-ring seal 
541 is positioned between the control manifold 524 and the 
hydraulic cylinder 402 to prevent leakage of hydraulic fluid. 
014.9 The hose ends 446, 448 are received in respective 
inlet and outlet ports 560,562 for facilitating coupling of the 
hoses 426, 428 to the control module 542. In contrast to the 
inlet and outlet ports 460, 462 of the hose connection mani 
fold 424, the inlet and outlet ports 560, 562 of the control 
manifold 524 are oriented perpendicular to (not parallel to) 
the central axis of the hydraulic cylinder 402. Nevertheless, a 
user can still reach with relative ease the connection between 
hoses 426, 428 and the ports 560, 562 for service-related 
needs. 
0150. The control module 525 includes a hydraulic valve 
cartridge 531 for reducing and/or relieving pressure in 
hydraulic cylinder 402. The valve cartridge 531 is enclosed 
within the control module 525 and has one end inserted in a 
cartridge port 533 of the connection manifold 527. In 
response to receiving a control signal, via the control signal 
wire 529 and the electrical connector 537, the valve cartridge 
531 reduces pressure in the hydraulic cylinder 402 and, 
optionally, acts as a relief valve relieving any shocks or Surges 
that may occur between the hydraulic source and the hydrau 
lic cylinder 402. The control module 525 optionally includes 
a pressure transducer 535 and/or other embedded electronics. 
0151. For ease of access, an integrated electronic connec 
tor 537 of the control module 525 is positioned above the 
valve cartridge 531 for receiving electrical power via an elec 
trical cable (not shown). The electronic connector 537 is 
angled towards the accumulator protective cover 420 to pro 
vide sufficient space for connecting all the required cables 
and hoses to the control module 525, e.g., the inlet and outlet 
hoses 426,428, the control signal wire 529, and the electrical 
cable. 

0152 Referring to FIGS. 25A-25C, the connection mani 
fold 527 is configured to facilitate the integral combination 
with the control module 525. For example, the connection 
manifold 527 has a mounting face 556 that is aligned, when 
mounted with the receiving face 443 of the mounting inter 
face 440. The mounting face 556 of the connection manifold 
527 is generally similar (if not identical) to the mounting face 
456 of the hose connection manifold 424. For example, the 
mounting face 556 includes a plurality of mounting holes 558 
arranged in a concentric pattern around a central hydraulic 
hole 559, through which hydraulic fluid is delivered to the 
hydraulic cylinder 402.The pattern of the mounting holes 558 
matches a pattern of the threaded holes 444 of the mounting 
interface 440. When the connection manifold 527 is mounted 
to the hydraulic cylinder 402, the long bolts 442 are received 
through the mounting holes 558. 
0153. The hydraulichole 559 is internally connected to the 
inlet port 560, the outlet port 562, the cartridge port 533, and 
a transducer port 539. In contrast to the hose connection 
manifold 424, the connection manifold 527 includes the addi 
tional cartridge port 533 for coupling to the valve cartridge 
531 (which controls output of fluid pressure from the hydrau 
lic cylinder 402) and the transducer port 539 for coupling to 
the pressure transducer 535. The ports are positioned along a 
control face 541, which is generally perpendicular to the 
mounting face 556. Thus, although the connection manifold 
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527 and the hose connection manifold 424 share some simi 
larities (e.g., sharing the modular mounting interface 440), 
they are different in type at least based on the connection 
manifold 527 being configured geometrically to facilitate the 
integration with the control module 525. 
0154) Referring generally to FIGS. 26-27B, a hydraulic 
cylinder 619 and energy storage device 627 are generally 
similar to the hydraulic cylinder 19 and accumulator 27 
described and illustrated above in reference to FIGS. 5 and 6. 
Referring specifically to FIG. 27A, a single unitary housing 
623 forms a cavity 624 in which the hydraulic cylinder 619 
and the energy storage device 627 are enclosed, at least in 
part. The hydraulic cylinder 619 contains a ram 625 that 
advances towards a housing port 622 or retracts towards a 
Stem 660. 
(O155 Referring specifically to FIG.27B, the ram 625 has 
a leading edge 650 near which a wear ring 652 is mounted. 
The wear ring 652 is mounted on the ram 625 concentric with 
a central axis Z of the ram 625 and in physical contact (or 
close to being in physical contact) with a cylinder wall 654. 
The wear ring 652 can be a seal or some other component that 
can provide a barrier Zone between the ram 625 and the 
cylinder wall 654. The wear ring 652 can have a cylindrical 
cross-sectional profile (as illustrated in FIG. 27B) or any 
other cross-sectional profile. 
0156 The wear ring 652 guides the ram 625 within the 
cylinder wall 654 of the hydraulic cylinder 619, absorbing 
transverse forces. The wear ring 652 further prevents (or 
reduces) metal-to-metal contact between the ram 625 and the 
cylinder wall 654 and, thus, optimizes the performance of the 
hydraulic cylinder 619. As such, one benefit of the wear ring 
652 is that it prevents or reduces wear of the ram 625 due to 
frictional contact with the cylinder wall 654. Another benefit 
of the wear ring 652 is that it tends to act as a seal component 
(although not necessarily specifically intended to be a seal 
component). For example, especially during high-speed 
movement of the ram 625, tight tolerances between the ram 
625 and the cylinder wall 654 help achieve a sealing function 
that prevents, or greatly reduces, undesired fluid flow 
between the ram 625 and the cylinder wall 654. According to 
one example, the tight tolerances can range between 0.01 
inches and 0.03 inches. 

(O157. Theram 625 further includes a plurality of intersect 
ing internal passageways, including an axial passageway 660 
and a radial passageway 662. The axial passageway 660 starts 
at the leading edge 650 and continues partially within the ram 
624, along the central axis Z, until it intersects with the radial 
passageway 662. The radial passageway 662 extends perpen 
dicular to the central axis Z between the central axis Z and a 
peripheral wall of the ram 625. 
0158 Similar to a shock absorber, the internal passage 
ways 660, 662 provide a dampening feature to the hydraulic 
cylinder 610. Specifically, the internal passageways 660, 662 
equalize pressure on either side of the wear ring 652 (which 
tends to act as a seal at high-speed ram velocities). While the 
hydraulic cylinder 619 is intended to generate pressure, the 
internal passageways 660, 662 integrate into the hydraulic 
cylinder 619 damping to control unwanted movement and or 
pressure. As such, the internal passageway 660, 662 are help 
ful in preventing damage to the hydraulic cylinder 619 by 
controlling the damping of the hydraulic cylinder 619. 
Optionally, in addition to acting as orifices for controlling 
damping, the internal passageways 660, 662 can be used for 
mounting check valves to the ram 625. The check valves can 
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further control the damping in the hydraulic cylinder 619. 
Accordingly, the internal passageways 660, 662 provide a 
hydraulic cylinder with an integrated damping-control sys 
tem. 

0159 Referring to FIGS. 28A and 28B, aplanting row unit 
710 is generally similar to the planting row unit 10 described 
above. The planting row unit 710 includes a V-opener 711, a 
row unit frame 712, a pair of closing wheels 716, and a gauge 
wheel 717 that are assembled and function similarly to the 
similarly numbered components of the planting row unit 10. 
The planting row unit 710 also includes a hydraulic cylinder 
700 that urges the closing wheels 716 downwardly with a 
controllable force that can be adjusted for different condi 
tions. 
0160 The hydraulic cylinder 700 includes a double-acting 
ram 705 (which further exemplifies the double-acting ram 
embodiment identified above in reference to the ram 25) that 
can move in opposing directions based on fluid pressure 
received from either a first hose 701a or a second hose 701b. 
As such, hydraulic fluid is received via the hoses 701a, 701b 
to act alternately on both sides of the double-acting ram 705 
and, consequently, apply alternate pressure in both directions 
of arrows A-A'. The hydraulic cylinder 700 can, optionally, 
further includes a biasing element 720 (e.g., mechanical 
spring, compressed coil spring, pressurized gas) to further 
add pressure in addition to the pressure provided by the 
double-actingram 705. The biasing element 720 can be added 
on either side of the double-acting ram 705. 
(0161. One benefit of the double-acting ram 705 is that it 
can provide both down pressure or up pressure, as needed, for 
the planting row unit 710. For example, if additional pressure 
is required to cause the V-opener 711 to penetrate the soil to a 
required depth, down pressure would be applied. If, for 
example, the planting row unit 710 is too heavy and the 
V-opener 711 penetrates the soil in excess of the required 
depth, then up pressure would be applied (without requiring 
an additional hydraulic cylinder). 
(0162 Referring to FIG. 29, a disk opener 800 is adapted 
for attachment to a row unit. Such as planting row unit 10 
described above in reference to FIG. 1. The disk opener 800 
includes a support 802 to which a swing arm 804 is mounted 
for attaching a disk.806 and a gauge wheel 808. The disk 806 
penetrates the soil to a planting depth for forming a furrow or 
seed slot, as the row unit is advanced by a tractor or other 
towing vehicle. The gauge wheel 808 determines the planting 
depth for seeds and/or height of introduction of fertilizer. 
0163 The disk opener 800 further includes a down-pres 
sure cylinder 810, with an integrated control valve 812, that is 
mounted to a bracket 814. The down-pressure cylinder 810 is 
generally similar to the hydraulic cylinder 402 (e.g., illus 
trated in FIG. 19) and the integrated control valve 812 is 
generally similar to the control module 525 (e.g., illustrated in 
FIG.24A). The control valve 812 includes a solenoid 816 that 
is generally similar to the electronic connector 537 (e.g., 
illustrated in FIG. 24A). 
0164. In addition, the disk opener 800 includes a program 
mable-logic controller (PLC) or other computer control unit 
818 that is also mounted to the bracket 814. Optionally, the 
control unit 818 is directly integrated into the control valve 
812, e.g., into the solenoid 816. According to this optional 
embodiment, the control unit 818 would be generally similar 
to the embedded electronics integrated with and described 
above in reference to the control module 525. The control unit 
818 is coupled to a power supply via a control wire 820 and to 
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the control valve 812 via a valve wire 822. The control wire 
820 optionally functions to connect the control unit 818 with 
a control interface Such as found in a tractor. 
0.165 An advantage of mounting the control unit 818 to 
the row unit, via the disk opener 800, is that it provides better, 
and specific, control over the control valve 812. As such, for 
example, each row unit in an arrangement having a plurality 
of side-by-side row units (such as illustrated below in FIG. 
30) can be individually controlled to apply a desired down 
pressure specific to the corresponding row unit. Thus, the 
control unit 818 runs a control algorithm that takes inputs and 
determines an output signal for the control valve 812. 
0166 Referring to FIG. 30, a hydraulic control system 
supplies pressurized hydraulic fluid to cylinders of multiple 
row units. A source 900 of pressurized hydraulic fluid, typi 
cally located on a tractor, Supplies hydraulic fluid under pres 
sure to an optional main valve 901 via a supply line 902 and 
receives returned fluid through a return line 903. The main 
valve 901 can be set by an electrical control signal S1 on line 
904 to deliver hydraulic fluid to an outputline 905 at a desired 
constant pressure. The output line 905 is connected to a mani 
fold 906 that, in turn, delivers the pressurized hydraulic fluid 
to individual feed lines 907 (which are connected to ports of 
respective hydraulic cylinders of the individual row units). 
Optionally, the main valve 901 is turned off after all cylinders 
have been filled with pressurized hydraulic fluid to maintain 
a fixed volume of fluid in each cylinder. 
(0167. Each of the individual feed lines 907 leads to one of 
the row units and is provided with a separate control valve 910 
that receives its own separate control signal on a line 911 from 
a respective controller912 (which is integrated in the respec 
tive row unit as described above in reference to FIGS. 24A 
and 30). The separate control valve 910 is provided in addi 
tion to or instead of the valve 901. This arrangement permits 
the supply of pressurized hydraulic fluid to each row unit to be 
turned off and on at different times by the separate control 
valve 910 for each row unit, with the times being controlled 
by the separate control signals supplied to the valves 910 by 
the respective controllers 912. The individual valves 910 
receive pressurized hydraulic fluid via the manifold 906, and 
return hydraulic fluid to the tractor via separate return lines 
913 connected to a return manifold 914, which is connected 
back to the hydraulic system 900 of the tractor. Optionally, 
one or more of the individual integrated controllers 912 are 
connected to a main controller915 that provides control input 
for at least one of the integrated controllers 912. 
0168 Referring to FIG. 31, an alternative configuration is 
illustrated in reference to the hydraulic control system 
described above in FIG. 30. The alternative configuration 
includes a tractor 950 that generates hydraulic auxiliary 
power bifurcated into two power subsets: a tractor hydraulic 
system (THS) 952 and a tractor power take-off (PTO) 954. 
The tractor hydraulic system 952 is coupled to a hydrauli 
cally-driven electrical generator 956 for generating electric 
ity for row unit components such as the control valves 910 
and/or other control modules (e.g., controllers 912,915). The 
tractor PTO 954 is mechanical power that runs a hydraulic 
pump 958 to provide mechanical power for row unit compo 
nents such as hydraulic cylinders connected to the individual 
feed lines 907. 
(0169 Providing both the hydraulic system 952 and the 
tractor PTO 954 helps provide additional electrical power for 
electrical components that previously were not included in an 
agricultural system. For example, adding controllers 912,915 
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and control valves 910 to each row unit results in an increased 
need of electrical power relative to agricultural systems that, 
for example, lacked individual row-unit control. The electri 
cal generator 956 compensates for and provides the required 
increased electricity. 
(0170 Referring to FIGS. 32 and 33, a hydraulic cylinder 
system includes two hydraulic cylinders 1019a, 1019b, 
instead of a single actuator as described above in reference to 
the hydraulic cylinder 19 (which is illustrated, for example, in 
FIG. 9). Each of the hydraulic cylinders 1019a, 1019b is 
generally similar to the hydraulic cylinder 19. However, 
instead of coupling the single hydraulic cylinder 19 between 
a front frame and a linkage assembly, this alternative embodi 
ment illustrates coupling the two hydraulic cylinders 1019a, 
1019b between a front frame 1014 and a linkage assembly 
1015. 

(0171 The hydraulic cylinders 1019a, 1019b are both 
mounted at one end to a cross bar 1030, which has been 
modified in this illustrative embodiment and relative to the 
cross bar 30 of FIG. 9 to have generally a Z-shape. Specifi 
cally, a first hydraulic cylinder 1019a is mounted such that it 
can apply down pressure D to the row unit and a second 
hydraulic cylinder1019b is mounted such that it can apply up 
pressure U to the row unit. 
0172. One advantage of having two cylinders 1019a, 
1019b is that the row unit can be controlled both up and down 
with more precision. For example, the controlled row unit 
may have a heavy weight that results in a furrow depth 
exceeding the desired planting depth. To counter the weight, 
the second hydraulic cylinder 1019b is used to raise the row 
unit such that the shallower depth is achieved. As such, the 
second hydraulic cylinder 1019b acts to subtract (or counter) 
at least some of the row-unit weight. If the row unit has a light 
weight that results in a shallower depth than desired, the first 
hydraulic cylinder 1019a is used to lower the row unit such 
that the deeper depth is achieved. As such, the first hydraulic 
cylinder 1019a acts to artificially add weight to the row unit. 
(0173 Referring to FIG. 34, a hydraulic cylinder 1119 
includes two storage energy devices, which are illustrated in 
the form of a first accumulator 1127a and a second accumu 
lator 1127b. Each of the two accumulators 1127a, 1127b is 
generally similar to the accumulator 27 (illustrated, for 
example, in FIG. 6). The hydraulic cylinder 1119 includes a 
ram 1125 that acts similar to the double-acting ram 705 illus 
trated in FIGS. 28A and 28B. The ram 1125 can provide both 
down pressure and up pressure, as needed, for a planting row 
unit (e.g., planting row unit 710). The accumulators 1127a, 
1127 bact as shock absorbers to help relieve pressure based on 
the direction of the applied pressure by the double-acting ram 
1125. For example, the first accumulator 1127a relieves pres 
sure when the double-acting ram 1125 applies pressure in a 
first direction D1 (e.g., down pressure), and the second accu 
mulator 1127b relieves pressure when the double-acting ram 
1125 applies pressure in a second direction D2 (e.g., up 
pressure). 
0.174. The use of this hydraulic cylinder 1119, as a com 
pact hydraulic down-force unit with integral accumulators 
1127a. 1127b on each row unit, provides the advantages of 
quick response and remote adjustability of a hydraulic down 
force and up-force control system. If an obstruction requires 
quick movement, oil can flow quickly and freely between the 
force cylinder 1119 and the respective adjacent accumulator 
1127a. 1127b, without exerting force on other actuators in the 
system. 
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(0175 Referring to FIG. 35, a controllable hydraulic con 
trol system 1200 includes a plurality of row units 1202 that 
are towed by a vehicle 1204 through a field. Each of the row 
units 1202 includes a status indicator 1206 for signaling per 
formance-related issues. According to one example, the sta 
tus indicators 1206 are light-emitting diodes (LED) that pro 
vide an easily discernable way to visually inspect the 
performance of the row units 1202. For example, the LED 
status indicators 1206 can flash a red color R to indicate 
impropertilling or a malfunction. If everything performs as 
intended, the status indicators 1206 can flash a green color G. 
0176 The status indicator 1206 can be a single (larger) 
LED or a plurality of LEDs of various sizes. Alternatively, the 
status indicator 1206 can include in addition to or instead of 
the LED an audible indicator to signal a malfunction or other 
condition of the system 1200. 
0177 Optionally, the status indicators 1206 can be inte 
grated with control electronics of the row units 1202 (e.g., 
control module 525 illustrated in FIG. 23) and can provide a 
status-check of the electronics. Thus, the status indicators 
1206 are attached to each individual row unit 1202 to provide 
a person that is far away from the row units 1202 a quick 
visual check on the performance status of the system 1200, 
including the performance status of an electronic controller. 
0178. In another example, the status indicators 1206 are 
particularly helpful in a system 1200 that is a human-less 
farming system. The human-less farming system is a system 
in which robotic machines are moving about in the field to 
perform tilling, planting, and/or other agricultural functions. 
Such a system is monitored by a farm manager that is stand 
ing, for example, a quarter-mile away from the system. The 
status indicators 1206 provide the farm manager with quick 
and easy visual signals that indicate the performance of the 
system. 
(0179. Optionally, the system 1200 further emits a wireless 
signal 1208 for communicating status performance to an 
online monitoring system. The performance of the system 
1200 can be, then, evaluated using an electronic device such 
as a Smartphone. 
0180 Referring to FIG. 36, an agricultural system 2100 
includes a soil-hardness sensing device 2102 attached in front 
of an agricultural row unit 2104 (also referred to as a planting 
row unit) via a towing frame 2106. The towing frame 2106 is 
generally a common elongated hollow frame that is typically 
hitched to a tractor by a draw bar. The towing frame 2106 is 
rigidly attached to a front frame 2108 of a four-bar linkage 
assembly 2110 that is part of the row unit 2104. The four-bar 
(sometimes referred to as “parallel-bar') linkage assembly 
2110 is a conventional and well known linkage used in agri 
cultural implements to permit the raising and lowering of 
tools attached thereto. 

0181. As the planting row unit 2104 is advanced by the 
tractor, a pair of cooperating toothed clearing wheels 2122 
clear residue from the soil and then other portions of the row 
unit, such as a V-opener disk 2112, part the cleared soil to 
form a seed slot, deposit seed in the seed slot and fertilizer 
adjacent to the seed slot, and close the seed slot by distributing 
loosened soil into the seed slot with a pair of closing wheels 
2114. According to one example, the closing wheels 2114 are 
CUVERTINETM closing wheels sold by the assignee of the 
present application. The CUVERTINETM closing wheel is an 
efficient toothed wheel in-between a spading wheel and a 
rubber wheel. 
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0182. A gauge wheel 2116 of the planting row unit 2104 
determines the planting depth for the seed and the height of 
introduction of fertilizer, etc. One or more bins 2118 on the 
planting row unit 2104 carry the chemicals and seed that are 
directed into the soil. 
0183 The planting row unit 2104 is urged downwardly 
against the soil by its own weight. To increase this downward 
force, or to be able to adjust the force, a hydraulic or pneu 
matic actuator 2120 (and/or one or more springs) is added 
between the front frame 2108 and the four-bar linkage assem 
bly 2110 to urge the planting row unit 2104 downwardly with 
a controllable force. Such a hydraulic actuator 2120 may also 
be used to lift the row unit off the ground for transport by a 
heavier, stronger, fixed-height frame that is also used to trans 
port large quantities of fertilizer for application via multiple 
residue-clearing and tillage row units. According to one 
example, the hydraulic actuator 2120 is an RFXTM system 
sold by the assignee of the present application. The RFXTM 
system includes a down-pressure actuator that is a compact, 
fast action actuator, and that is remotely controlled. The 
RFXTM system includes a nitrogen pressure-vessel that is 
integrated with the down-pressure actuator. According to 
other examples, the hydraulic or pneumatic actuator 2120 
may be controlled to adjust the downward force for different 
soil conditions such as is described in U.S. Pat. Nos. 5,709, 
271, 5,685,245 and 5,479,992. 
0.184 The planting row unit 2104 further includes a row 
clearing unit 2122 having a pair of rigid arms 2124 adapted to 
be rigidly connected to the towing frame 2106. According to 
one example, the row-clearing unit 2122 is a GFXTM system 
(i.e., ground effects row cleaner), which is sold by the 
assignee of the present application, that is a hydraulically 
controlled row cleaner. The GFXTM system is a hydraulically 
controlled row cleaner with spring upward pressure and 
hydraulic down pressure. Furthermore, the GFXTM system is 
remotely adjusted. 
0185. At the bottom of the row-clearing unit 2122, the pair 
of cooperating toothed clearing wheels 2126 are positioned in 
front of the V-opener 2112 of the planting row unit 2104. The 
clearing wheels 2126 are arranged for rotation about trans 
verse axes and are driven by engagement with the underlying 
soil as the wheels are advanced over the soil. The illustrative 
clearing wheels 2126 are a type currently sold by the assignee 
of the present invention under the trademark TRASH 
WHEELTM. The clearing wheels 2126 cooperate to produce a 
Scissors action that breaks up compacted Soil and simulta 
neously clears residue out of the path of planting. The clearing 
wheels 2126 kick residue off to opposite sides, thus clearing 
a row for planting. To this end, the lower edges are tilted 
outwardly to assist in clearing the row to be planted. This 
arrangement is particularly well Suited for strip tilling, where 
the strip cleared for planting is typically only about 10 inches 
of the 30-inch center-to-center spacing between planting 
OWS. 

0186 The soil-hardness sensing device 2102 has a first 
linkage 2130 with an attached blade 2132 and a second link 
age 2134 with an attached gauge wheel 2136. According to 
one example, the linkages are medium FREEFARMTM link 
ages sold by the assignee of the present application. The 
FREEFARMTM linkages are generally modular sets of paral 
lel linkages used for different purposes. Also, according to 
one example, the Soil-hardness sensing device 2102 is a 
FORESIGHT AND CFXTM ground hardness sensor that is 
sold by the assignee of the present application. 
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0187. The two linkages 2130, 2134 are parallel to each 
other and each has a down hydraulic pressure that is con 
trolled independently. Under constant hydraulic pressure, 
when the soil-hardness sensing device 2102 is moved through 
the field, the blade 2132 penetrates the soil deeper in soft soil 
and shallower inhard soil. However, the wheel 2136 rides on 
the soil surface regardless of the type of soil. 
0188 Each linkage 2130, 2134 has a high quality all 
stainless steel linear position sensor 2138,2140 enclosed in a 
protecting housing, with a cable 2142. 2144 routed to a cen 
tral processing unit (CPU) 2146, which includes a memory 
device for storing instructions and at least one processor for 
executing the instructions. When the blade 2132 or the wheel 
2136 moves, a corresponding change in position is detected 
by the respective position sensors 2138,2140. The two values 
from the position sensors 2138,2140 are outputted as fast as 
approximately 1,000 times/second and are fed as soil-hard 
ness signals to the CPU 2146, which is a rugged outdoor-rated 
programmable logic controller that measures the difference 
in the two values in real time. 
(0189 In the illustrated example, the CPU 2146 is posi 
tioned on the planting row unit 2104. However, in other 
embodiments the CPU 2146 may be positioned remote from 
the planting row unit 2104, e.g., in a tractor cabin, on a 
different planting row unit of a side-by-side row unit arrange 
ment, etc. Furthermore the processor and the memory device 
of the CPU 2146 can be located in the same place, e.g., on the 
planting row unit 2104, or in different places, e.g., the pro 
cessor can be located on the planting row unit 2104 and the 
memory device can be located in the tractor cabin. 
(0190. The CPU 2146 averages the values over a predeter 
mined time period (e.g., 0.25 seconds), executes an algorithm 
with filtering effects (e.g., removes conditions in which a rock 
is hit by the soil-hardness sensing device 2102), and provides 
real-time measurement of the soil hardness. The CPU 2146 
optionally receives other user-controllable variables for 
adjusting/tuning the agricultural system 2100. For example, 
the user-controllable variables may include values for differ 
ent residue levels, different initial conditions, etc. 
(0191 Referring to FIG. 37, the agricultural system 2100 
receives hydraulic fluid from a hydraulic source, typically 
located in the tractor, at a hydraulic input pressure P0. The 
hydraulic fluid is directed to each one of a plurality of hydrau 
lic control valves V1-V3. The CPU 2146 outputs respective 
signals S1-S3 to the respective control valves V1-V3, which 
create a proportional output/change in the pressure of hydrau 
lic circuits, virtually instantaneously changing the pressure in 
real time as the agricultural system 2100 moves through a 
field. The pressure changes are useful, for example, when the 
agricultural system 2100 encounters hardened soil areas in 
which combines or grain carts have previously compacted the 
soil. The agricultural system 2100 optimizes the pressure to 
achieve a desired depth control by applying the right amount 
of pressure at the right time. 
0.192 To achieve the right amount of pressure for each 
controllable component (e.g., the row-unit actuator 2120, the 
row-clearing-unit actuator 2122, and the soil-hardness sens 
ing device 2102), the CPU2146 outputs the respective signals 
S1-S3 to the associated control valves V1-V3. For example, in 
response to receiving a first signal S1 from the CPU 2146, a 
first control valve V1 outputs a proportional first pressure P1 
to the hydraulic actuator 2120 (e.g., RFXTM system) for urg 
ing the planting row unit 2104 downwardly. Similarly, in 
response to receiving a second signal S2 from the CPU 2146, 
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a second control valve V2 outputs a proportional second 
pressure P2 to the row-clearing unit 2122 (e.g., GFXTM sys 
tem). The RFXTM system 2120 and the GFXTM system 2122 
are controlled independently because residue typically exhib 
its non-linear behavior. In other words, the independent con 
trol of the two systems 2120, 2122 is likely to achieve better 
depth-control results. 
(0193 A third control valve V3 receives a third signal S3 
from the CPU 2145, in response to which the third control 
valve outputs a proportional third pressure P3 to the soil 
hardness sensing device 2102 (e.g., FORESIGHT AND 
CFXTM system). The control valves V1-V3 return hydraulic 
fluid to the hydraulic source at a return pressure PR. Respec 
tive transducers for each of the control valves V1-V3 may be 
used to verify that hydraulic output pressures match the 
desired values. If a hydraulic output pressure does not match 
the desired value, the hydraulic output pressure is corrected. 
Furthermore, each of the control valves V1-V3 has a respec 
tive valve response time T1-T3, as discussed in more detail 
below in reference to determining the timing of applying the 
appropriate pressures P1-P3. 
0194 The CPU2146 further receives an input speed signal 
SQ indicative of a speed Q of the agricultural system 2100. 
which moves typically at about 6 miles per hour, i.e., about 
8.8 feet per second. As discussed in more detail below, the 
speed signal SQ is used to determine the desired values of 
pressures P1-P3 based on current soil conditions. Further 
more, as discussed in more detail below, the CPU 2146 fur 
ther outputs two signals, a sensor signal SCFX to the Soil 
hardness sensing device 2102 and a closing wheel signal 
SCW to the closing wheel 2114. 
0.195 The soil-hardness sensing device 2102 is positioned 
in front of the planting row unit 2104 at a distance D (which 
is measured generally from a center line of the blade 2132 to 
a center line of the V-opener 2112), which can be obtained 
based on the following formula: 

Q(speed)=D(distance),T(time interval) Equation1 

Thus, the distance D is calculated as follows: 
D=9*T Equation 2 

0196. If D is a known distance (e.g., the distance between 
the sensed position and position where seed-depositing posi 
tion) and the speed Q is also known, changes in soil condi 
tions can be anticipated in real time prior to the time when 
each individual tool on the planter row unit 2104 arrives at any 
particular soil-change area. For example, assuming that Q is 
approximately 8.8 feet per second and T is approximately 
0.25 seconds, D should be approximately equal to or greater 
than 2.2 feet. In other words, the minimum distance for D 
should be approximately 2.2 feet. If D is greater than the 
minimum value (e.g., D is greater than 2.2 feet), the agricul 
tural system 2100 is calibrated to account for the additional 
distance. For example, the CPU 2146 will send the respective 
signals S1, S2 to the associated control valves V1,V2 only 
after a predetermined period of time Tact, as discussed in 
more detail below. 
(0197) Pressures P1 and P2 are continually matched with 
the corresponding soil conditions. For example, P1 and P2 are 
increased exactly at the time when harder soil conditions are 
encountered directly below the clearing wheels 2126. To 
properly time the change in pressures P1 and P2 correctly, a 
time variable R refers to the latent processing speed of CPU 
2146 and accounts for the time between (a) receiving an input 
signal by the CPU 2146, (b) sending output signals S1, S2 by 
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the CPU 2146, and (c) responding to the output signals S2, S2 
by the control valves V1,V2 with respective outputting pres 
sures P1, P2. 
0.198. It is noted that each of the control valves V1,V2 has 
a minimum input time Tmin, and that the distance D (e.g., as 
measured between the center of the blade 2232 and the center 
of the V-opener 2212) is directly proportional to the speed Q 
multiplied by the minimum input time Tmin of the respective 
control valve V1,V2. It is further noted that a theoretical time 
Ttheor is directly proportional to the distance D divided by 
the speed Q (i.e., D/Q), and that an actual time Tact is directly 
proportional to the theoretical time Ttheor minus the time 
variable R (i.e., Ttheor-R). Based on these conditions, for 
outputting pressures P1 and P2, the CPU 146 holds in 
memory output signals S1 and S2 for a time duration that is 
equal to the actual time Tact. After the actual time Tact has 
elapsed, the CPU 146 outputs signals S1 and S2, respectively, 
to the control valves V1,V2, which respond by outputting 
pressures P1, P2. Optionally, signals S1 and S2 are outputted 
as signals ranging between 0-10 volts. 
0199 Referring to FIG. 38, a global positioning system 
(GPS) provides a GPS signal indicative of the speed Q to the 
tractor. Optionally, for example, the speed Q can be generated 
from a radar system. The speed Q is inputted to the CPU2146, 
along with the Soil-hardness signals received from the posi 
tion sensors 2138,2140. Based on the speed Q and the soil 
hardness signals, the CPU 2146 outputs signals S1 and S2 to 
the control valves V1,V2, which output proportional pres 
sures P1 and P2 for adjusting, respectively, the RFXTM system 
2120 and the GFXTM system 2122. 
(0200 Referring to FIGS. 39A-39C, the agricultural sys 
tem 2100 encounters various types of soil-hardness condi 
tions, which, for ease of understanding, will include Soft Soil 
conditions and hard soil conditions. The soft Soil conditions 
exemplify typical soil conditions, and the hard soil conditions 
exemplify compacted Soil areas, e.g., areas compacted by tire 
tracks of tractors or combines. 

0201 Referring specifically to FIG. 39A, the agricultural 
system 2100 is moving forward at a speed Q over an initial 
soil area having only soft Soil conditions. Based on the soft 
soil, the blade 2132 penetrates the soil at a distance X1 lower 
than the wheel 2136 (which rides on the soil surface). The 
distance X1 is the difference between the position sensors 
2138, 2140. In accordance with the distance X1, which is 
associated with Soft soil conditions, corresponding pressures 
P1 and P2 are applied to the hydraulic actuator 2120 and the 
row-clearing unit 2122. 
(0202 Referring specifically to FIG. 39B, the blade 2132 
and the wheel 2136 (but not the planting row unit 2104) are 
now moving over a Soil area of hard soil conditions. Because 
the soil is now much harder than the previous soil area, the 
blade 2132 cannot penetrate the soil as much as in the previ 
ous soil area. As such, the blade 2132 rises higher relative to 
the Soil surface and penetrates the soil only at a distance X2 
lower than the wheel2136 (which continues to ride on the soil 
surface). The distance X2 is the distance determined by the 
CPU 2146 based on the corresponding change in values out 
putted by the position sensors 2138,2140. However, although 
the distance X2 (which is associated with hard soil condi 
tions) is different from the previous distance X1 (which is 
associated with soft Soil conditions), the corresponding pres 
Sures P1 and P2 are not changed, yet, because the planting 
row unit 2104 has not reached the hard-soil area. 
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(0203 Referring specifically to FIG. 39C, the planting row 
unit 2104 is now moving over the hard-soil area, which the 
blade 2132 and the wheel 136 have already passed. At this 
point in time, and only at this point in time, the pressures P1 
and P2 are increased to maintain the desired depth level. Thus, 
although the soil-hardness sensing device 2102 has reached, 
again, soft soil conditions that allow the blade 2132 to pen 
etrate the soil at the previous distance X1, the pressures P1 
and P2 are adjusted in accordance with the hard soil condi 
tions. 
0204 Referring to FIG. 40A, another exemplary soil 
hardness sensing device 2202 is attached to a towing frame 
2206 which in turn is attached to a planting row unit 2204 
having a V-opener disk 2212, a pair of closing wheels 2214. 
and a row-unit gauge wheel 2216. The planting row unit 2204 
further includes a hydraulic actuator 2220 that responds to a 
pressure P1 and a row-clearing-unit actuator 2222 that 
responds to a pressure P2. The soil-hardness device 2202 and 
the planting row unit 2204 are generally similar to the soil 
hardness device 2102 and the planting row unit 2104 
described above in reference to FIGS. 1-4C, except for any 
changes described below. 
0205. In this embodiment the soil-hardness device 2202 
can be a device that is already included in the planting row 
unit 2204. Such as a cutting coulter running directly in-line 
with the planter row unit or a fertilizer opener positioned off 
to a side of the planted area. Thus, assuming a side-by-side 
arrangement of row units, the Soil-hardness device can 
include a fertilizer opener or a no-till cutting coulter in front 
of every row unit. 
0206. The soil-hardness device 2202 includes a blade 
2232 and a soil-hardness gauge wheel 2236. The blade 2232 
is attached to a blade arm 2260, and the soil-hardness gauge 
wheel 2236 is attached to a wheel arm 2262. The wheel arm 
2262 is biased down by a spring 2264 and pivots relative to the 
blade arm 2260. An angular encoder 2266 measures changes 
in an angle 0 between the blade arm 2260 and the wheel arm 
2262. The angle 0 is directly proportional to the depth of the 
blade 2232 relative to the soil-hardness gauge wheel 2236. 
0207. The angle 0, represented by a signal S4, is sent to a 
CPU 2246 which executes an algorithm to determine corre 
sponding pressure values for the planting row unit 2204. A 
minimum angle Omin is equal to angle 0 when both the blade 
2232 and the soil-hardness gauge wheel 2236 are on the soil 
Surface, e.g., when passing over very hard Soil conditions or a 
concrete floor. A depth variable Z indicates a desired blade 
depth, i.e., blade 2232 penetration into the soil. The angle 0 is 
directly proportional to the depth variable Z, which has a 
range between an actual (or current) depth value Zact and a 
theoretical depth value Ztheor. 
0208. By way of comparison, in the soil-hardness device 
2202 of the current embodiment a controllable pressure P3, 
which is applied to the soil-hardness device 2202, is varied, 
but the angle 0 between the blade 2232 and the soil-hardness 
gauge wheel 2236 is maintained generally constant, with the 
blade 2232 penetrating the soil at a desired blade depth Z. In 
contrast, in the soil-hardness device 2102 described above in 
reference to FIGS. 39A-39C the difference between the blade 
2132 and the wheel 2136 is varied (e.g., distances X1 and 
X2), but the pressure applied to the soil-hardness device 2102 
is maintained generally constant. 
0209. According to one aspect of the algorithm illustrated 
in FIG. 40B, the angle 0 is measured (2270A) and the actual 
depth value Zact is calculated (2270B). Based on the actual 
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depth value Zact and an inputted theoretical depth value 
Ztheor (2270C), a determination is made whether the actual 
depth value Zact is equal to the theoretical depth value Ztheor 
(2270D): 

If Zact=Ztheor=>end Equation 3 

If the actual depth value Zact is equal to the theoretical depth 
value Ztheor (i.e., Zact=Ztheor), the algorithm ends (until the 
next value is received) (2270H). Optionally, if angle 0 is less 
than minimum angle Omin (i.e., 0<0min), algorithm ignores 
changes because those values typically illustrate that the Soil 
hardness sensing device 2202 has hit a rock. 
0210. If the actual value of the depth variable Z is greater 
than the theoretical value of the depth variable Z (i.e., 
Zact>Ztheor) (2270E), the controllable pressure P3 that is 
being applied to the soil-hardness device 2202 is decreased 
until the actual value of the depth variable Z is equal to the 
theoretical value of the depth variable Z (i.e., Zact=Ztheor) 
(2270F): 

If Zact-Ztheor=>decrease P3 until Zact=Ztheor 

0211. If the actual value of the depth variable Z is smaller 
than the theoretical value of the depth variable Z (i.e., 
Zact<Ztheor), then the controllable pressure P3 is increased 
until the actual value of the depth variable Z is equal to the 
theoretical value of the depth variable Z (i.e., Zact=Ztheor) 
(2270G): 

If Zact-Ztheor=>increase P3 until Zact=Ztheor Equation 5 

0212. Thus, according to this algorithm, the desired depth 
Z of the blade 2232 is maintained constant by varying the 
pressure P3 in response to detected changes in the angle A. To 
vary the pressure P3, a user-defined variable M (similar to the 
user-defined variables K and J described below) is increased 
or decreased to modify an actual value P3act of the pressure 
P3 until the desired depth variable Z is achieved. As such, 
assuming that a theoretical value P3theor of the pressure P3 is 
being applied to the blade 2232 when the desired depth Ztheor 
is achieved, and further assuming that P3theor is directly 
proportional to M*P3act, M is modified until M*P3act is 
equal to P3theor (and, consequently, the desired depth vari 
able Z is achieved). For example, if the depth variable Z is too 
small, i.e., the blade 2232 is running too shallow into the soil 
(e.g., the blade 2232 is moving through a heavily compacted 
soil area), as detected by a change in the angle 0, M is 
increased until the actual pressure value P3act is equal to the 
theoretical value P3theor. Once the theoretical value P3theor 
is reached, the increased pressure forces the blade 2232 into 
the soil at the desired depth. Furthermore changes to the 
pressure P1 and the pressure P2 can be effected based on 
M*P3act being directly proportional to P1 and P2. 
0213. According to another aspect of the algorithm, illus 
trated in FIG. 40C, if feedback is desired from the row-unit 
gauge wheel 2216, to verify that the system is performing as 
desired (e.g., to Verify that the appropriate pressure values are 
being applied to the planting row unit 2204), a weight variable 
W is set in accordance with a desired weight. In this example, 
the pressure P1 applied to the hydraulic actuator 2220 of the 
planting row unit 2204 is directly proportional to a user 
defined variable K multiplied by the pressure P3 applied to 
the soil-hardness device 2202 (i.e., P1 is directly proportional 
to K*P3). 
0214) A signal S5 (illustrated in FIG. 40A), which is 
directly proportional to the weight variable W. is outputted by 
a gauge wheel load sensor 2280 (illustrated in FIG. 5A) and 

Equation 4 
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averaged over a time period Tgauge. After measuring the 
actual weight value Wact (272A) and receiving the theoretical 
weight value Wtheor (2272B), a determination is made 
whether the actual weight value Wact is equal to the theoreti 
cal weight value Wtheor (2272C): 

If Wact=Wtheor=>end (Equation 6) 

If the actual weight value Wact is equal to the theoretical 
weight value Wtheor (i.e., Wact=Wtheor), the algorithm ends 
(2272G) until the next measurement. 
0215. If the actual weight value Wact is greater than the 
theoretical weight value Wtheor (i.e., Wact. Wtheor), then the 
user-defined variable K is decreased (2272E) until the actual 
weight value Wact is equal to the theoretical weight value 
Wtheor: 

If Wacto-Wtheor=>decrease K 

0216. If the actual weight value Wact is less than the theo 
retical weight value Wtheor (i.e., Wact-Wtheor), then the 
user-defined variable K is increased (2272F) until the actual 
weight value Wact is equal to the theoretical weight value 
Wtheor: 

If Wact-Wtheor=>increase K 

(Equation 7) 

(Equation 8) 

The user-defined variable K can be set manually by a user or 
automatically via a load pin 2282. 
0217. Similarly, referring to FIG. 40D, the pressure P2 
applied to the row-cleaner unit 2222 can be adjusted by 
adjusting a user-defined variable J. Specifically, in this 
example, the pressure P2 is directly proportional to the user 
defined variable J multiplied by the pressure P3 (i.e. P2 is 
directly proportional to JP3). After measuring the actual 
weight value Wact (2274A) and receiving the theoretical 
weight value Wtheor (2274B), a determination is made 
whether the actual weight value Wact is equal to the theoreti 
cal weight value Wtheor (2274C): 

If Wact=Wtheor=>end (Equation 9) 

If the actual weight value Wact is equal to the theoretical 
weight value Wtheor (i.e., Wact=Wtheor), the algorithm ends 
(2274G) until the next measurement. 
0218 If the actual weight value Wact is greater than the 
theoretical weight value Wtheor (i.e., Wact. Wtheor), then the 
user-defined variable J is decreased (274E) until the actual 
weight value Wact is equal to the theoretical weight value 
Wtheor: 

If Wacto-Wtheor=>decrease I (Equation 10) 

0219. If the actual weight value Wact is less than the theo 
retical weight value Wtheor (i.e., Wact-Wtheor), then the 
user-defined variable J is increased (2274F) until the actual 
weight value Wact is equal to the theoretical weight value 
Wtheor: 

If Wact-Wtheor=>increase I (Equation 11) 

The user-defined variable J can also be set manually by a user 
or automatically via the load pin 282. 
0220 Referring to FIGS. 41A and 41B, an agricultural 
system 2300 includes a tractor 2301, two soil-hardness sens 
ing devices 2302A, 2302B, a planting device 2303, and a 
plurality of planting row units 2304A-2304L, which are con 
figured in a side-by-side arrangement. In this example, each 
of the planting row units 2304A-2304L has at least one 
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respective control Valve A-L, which is adjustable based on 
signals received from the soil-hardness sensing devices 
2302A, 2302B. 
0221) The tractor 2301 moves at a speed Q, pulling the 
soil-hardness sensing device 2302A, 2302B, the planting 
device 2303, and the planting row units 2304A-2304L along 
a soil area that includes five soil areas 2305A-2305E. Spe 
cifically, the soil areas 2305A-2305E includes a right-side 
outside area 2305A, a right-side wheel area 2305B, a central 
area 2305C, a left-side wheel area 2305D, and a left-side 
outside area 2305E. The right-side wheel area 2305B and the 
left-side wheel area 2305D have soil conditions that are 
harder than the right-side outside area 2305A, the central area 
2305C, and the left-side outside area 305E. The harder soil 
conditions are caused by the wheels of the tractor 2301 and/or 
planting device 2303, which form a compacted path as the 
tractor 301 moves along the soil area. Thus, each of the 
right-side wheel area 2305B and the left-side wheel area 
2305D are areas compacted by the wheels of vehicles. 
0222. A first soil-hardness sensing device 2302A controls 
only the planting row units 2304E, 2304H that are positioned 
inside the compacted paths of the right-side wheel area 
2305B and the left-side wheel area 2305D. A second soil 
hardness sensing device 2302B controls all the other planting 
row units 2304A-2304D, 2304F-2304G, and 23041-2304L, 
i.e., all the planting row units positioned outside the compact 
paths of the right-side wheel area 2305B and the left-side 
wheel area 2305D (and within the right-side outside area 
305B, the central area 2305C, and the left-side outside area 
2305E). Optionally, any number of soil-hardness sensing 
devices and any number of planting row units can be used. For 
example, each of the planting row units 2304A-2304L can 
have its own designated Soil-hardness sensing device. 
0223) The soil-hardness sensing devices 2302A, 2302B 
are positioned at a distance Din front of the planting row units 
2304A-2304L. Optionally, each of the soil-hardness sensing 
devices 2302A, 2302B can be positioned at a different dis 
tance in front of the planting row units 2304A-2304L. For 
example, the first soil-hardness sensing device 2302A can be 
positioned at a distance X1 in front of the planting row units 
2304A-2304L and the second soil-hardness sensing device 
2302B can be positioned at a distance X2 in front of the 
planting row units 2304A-2304L. As currently illustrated in 
FIGS. 41A-41B, the distances X1 and X2 are equal to each 
other (being effectively distance D). Furthermore, the first 
soil-hardness sensing device 2302A is positioned inside the 
compacted path of the left-side wheel area 2305D and the 
second soil-hardness sensing device 2302B is positioned 
inside the left-side outside area 2305E (i.e., outside the com 
pacted path of the bottom wheel area 305D). 
0224. The soil-hardness sensing devices 2302A, 2302B 
and the attached planting row units 2304A-2304L are gener 
ally configured to sense soil conditions and adjust corre 
sponding hydraulic pressures of Valves A-L as described 
above in reference to FIGS. 36-40. The configuration of hav 
ing multiple soil-hardness sensing devices 2302A, 2302B 
increases precision in adjustment of hydraulic pressures, 
based on current soil conditions, because it accounts for dif 
ferences between compacted and non-compacted paths in a 
field that is being planted. Thus, for example, the soil-hard 
ness sensing devices 2302A, 2302B provides signals to cor 
responding control valves for increasing and/or decreasing 
hydraulic pressures of the planting row units 2304A-2304L. 
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0225. The soil-hardness sensing devices discussed above 
can be remotely controlled. For example, the soil-hardness 
sensing devices 2302A, 2302B can be remotely controlled 
with a handheld radio-frequency remote controller. By way of 
example, the remote controller can be used to manually 
increase and/or decrease the hydraulic pressures in one or 
more of the soil-hardness sensing devices 2302A, 2302B. 
0226 Referring to FIG. 42, the soil-hardness device 2202 
illustrated in FIG. 40A has been modified to include modular 
actuators 2220a-2220d. Each of the modular actuators 
2220a-2220d is identical (or nearly identical) to each other as 
a modular unit that allows the same unit to be used for move 
ment of different components of the soil-hardness device 
2202. According to one example, the modular actuators 
2220a-2220d include the hydraulic actuator 2220 described 
above and illustrated in FIG. 40A or the hydraulic actuator 
2120 described above and illustrated in FIG. 36. 

0227 Each of the modular actuators 2220a-2220d pro 
vides controllable pressure for urging the respective compo 
nents downwardly and/or upwardly, based on the mounting 
and type of actuator. For example, the modular actuators 
2220a-2220d can include a double-acting actuator in which 
the controllable pressure can be applied to urge the planting 
row 2104, alternately, both upwards and downwards. 
0228. A first modular actuator 2220a is configured and 
mounted to apply a controllable downward force on the entire 
planting row unit 2204 attached to the rear side of the towing 
frame 2221. A second one of the modular actuators 2220b is 
configured and mounted to urge the blade 2232 with a con 
trollable force. A third one of the modular actuators 2220c is 
configured and mounted to urge the row-clearing unit 2222 
with a controllable force. A fourth one of the modular actua 
tors 2220d is configured and mounted to urge the closing 
wheel 2214 with a controllable force. Thus, for each of the 
four independently movable components—the planting row 
unit 2204, the blade 2232, the row-clearing unit 2222, and the 
closing wheel 2214 the same modular actuator 2220d is 
configured to achieve the desired force. 
0229. One exemplary benefit of having interchangeable 
actuators 2220a-2220d is that a reduced number of spare 
parts is required for maintaining the system, thus, reducing 
cost. Another exemplary benefit is that a farmer or operator 
does not have to learn how to use and/or replace a separate and 
distinct type of actuator for each movable component. For 
example, knowing how to replace or maintain the first actua 
tor 2220a means that the farmer knows how to replace or 
maintain each of the other three actuators 2220b-2220d. As 
Such, the general result of having interchangeable actuators is 
reduced cost and a simpler system. 
0230. According to alternative embodiments, any number 
of modular actuators can be adapted for mounting in any 
agricultural systems. For example, the soil-hardness device 
2202 can include two modular actuators of a first type and two 
modular actuators of a second type. By way of a specific 
example, the first and second actuators 2220a, 2220b can 
include a double-acting actuator for applying both upwards 
and downwards pressure, and the third and fourth actuators 
2220c, 2220d can include a single-acting actuator for apply 
ing either upward or downward pressure. In other embodi 
ments, the modular actuators are used in Systems that lack 
soil-hardness sensing capabilities. 
0231 Referring to FIG. 43, an alternative modular unit 
2400 includes a mounting bracket 2402 attached to an upper 
Support 2404. A gauge arm 2406 is pivotably attached at a 
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proximal end 2407 to a swing arm 2408, which is attached to 
the upper support 2404. The gauge arm 2406 is attached at a 
distal end 2409 to a gauge wheel 2410, and the Swing arm 
2408 is further attached to a blade 2432. 

0232. The modular unit 2400 includes a modular actuator 
2420 that is removably attached to the upper support 2404 at 
a fixed end 2422 and to the Swing arm 2408 at a movable 
piston end 2424. The modular actuator 2420 is illustrated in 
this exemplary embodiment as a pressure-applying device for 
the blade 2432. However, to convert the modular actuator 
2420 for use with a different component (e.g., to apply pres 
Sure to the row-clearing unit 2222), the modular actuator 
2420 is removed by removing, for example, an assembly bolt 
2426 and/or any other fastener holding the modular actuator 
2420 in place relative to the upper support 2404 and the Swing 
arm 2408. Then, the same modular actuator 2420 (without the 
requirement for additional components) can be fastened to a 
different component of the soil-hardness device 2202 (e.g., 
the row-clearing unit 2222). Thus, removal and/or assembly 
of the modular actuator 2420 is easily achieved with minimal 
effort and a small number of fasteners. 
0233 Referring to FIGS. 44A and 4.4B, according to an 
alternative configuration, the blade arm 2260 has a distal end 
2502 in which a ground-hardness sensor 2500 is integrated. 
The ground-hardness sensor 2500 is fixed relative to the blade 
arm 2260 in a metallic cam 2501 that includes an aperture 
2504 through which a rotating shaft 2506 protrudes. The 
rotating shaft 2506 is coupled to the gauge wheel 2236 via the 
wheel arm 2262. As the soil-hardness sensing device 2202 
travels over soil of varying conditions (e.g., from hard soil to 
soft soil), the gauge wheel 2236 causes the shaft 2506 to 
rotate. In turn, the ground-hardness sensor 2500 detects the 
rotational movement of the shaft 2506 within the aperture 
2504 and provides output indicative of an angular change 
between the Supporting arms for the gauge wheel 2236 and 
the blade 2232. 
0234. The ground-hardness sensor 2500 also includes an 
indicator 2508 that is configured to indicate a performance 
condition. For example, the indicator 2508 is a light-emitting 
diode (LED) that displays a continuous green light when the 
ground-hardness sensor 2500 is functioning properly and a 
flashing red light when a malfunction occurs. 
0235. The ground-hardness sensor 2500 is shielded from 
the environment with a cover 2510, which is mounted to the 
distal end 2502 to enclose within the cam 2501. The cover 
2510 consists of a translucent or transparent material, such as 
a clear plastic material, to readily allow visual inspection of 
the ground-hardness sensor 2500. Thus, one benefit of the 
cover 2510 is that an operator is not required to remove any 
parts to determine whether the ground-hardness sensor 500 is 
operating properly. 
0236. The ground-hardness sensor 2500 is provided in 
addition to or instead of the encoder 266 described above in 
reference to FIG. 40A. As described above, as the shaft 2506 
rotates, the ground-hardness sensor 2500 measures changes 
in the angle 0 between the blade arm 2260 and the wheel arm 
2262 to determine the depth Zof the blade 2232 relative to the 
soil-hardness gauge wheel 2236. Then, the angle 0 is sent to 
the CPU 2246 for executing the algorithm to determine cor 
responding pressure values for the planting row unit 2204. 
The angle 0 is directly proportional to the depth of the blade 
2232 relative to the soil-hardness gauge wheel 2236. 
0237. The ground-hardness sensor 2500 can be any analog 
or digital sensor that is capable of measuring an angular 
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displacement. For example, the ground-hardness sensor 2500 
can be a linear inductive distance sensor, which is an analog 
device. 
0238. The blade arm 2260 further includes a torsion spring 
2512 that engages the shaft 2506 to rotationally bias the shaft 
2506 toward an equilibrium point when the shaft 2506 applies 
a rotational force. The torsion spring 2512 can be attached 
instead of or in addition to the spring 2264 illustrated in FIG. 
40A. According to the illustrated example, the torsion spring 
2512 is a compressive, rubber spring with adjustable down 
pressure. Specifically, in this example, the torsion spring 
2512 is in the form of an external structure 25.12a in which an 
internal structure 2512b is positioned. The external and inter 
nal structures 2512a, 2512b are generally rectangular and are 
concentrically aligned along a central axis. Furthermore, the 
internal structure 2512b is offset at an angle of about 90 
degrees relative to the external structure 2512a. When the 
shaft 2506 rotates in a first direction (e.g., counterclockwise), 
the internal structure 2512b moves with the shaft 2506 Such 
that corners of the internal structure 2512b tend to align with 
corners of the external structure 2512a. Simultaneously, the 
external structure 2512a applies a second, opposing force 
(e.g., clockwise) that counters the first direction and forces 
the internal structure 2512b and the shaft 2506 back towards 
the equilibrium point. 
0239. In addition to applying an opposing force to the 
rotational force of the shaft 2506, the torsion spring 2512 
compresses to dampen the effects of the rotational force of the 
shaft 2506. The compression provides a smoother change in 
movement for the blade arm 2260, and increases the torsion 
spring 2512 resistance to fatigue. 
0240 Another benefit of integrating the torsion spring 
2512 in the blade arm 2260 is that the torsion spring is pro 
tected from environmental conditions, including dirt or mud, 
that can potentially interfere with the applied compressive 
force. Yet another benefit of the torsion spring 2512 is that it 
reduces the number of exposed components, which can be a 
hazard to human operators. 
0241 FIGS. 44C-44G illustrate an application of soil 
hardness sensing for controlling the down pressure on a pair 
of closing wheels 2551 journaled on a support arm 2553 
having an upper end that pivots around a horizontal axis 2554. 
A ground gauge wheel 2555 is journaled on a Support arm 
2556 having an upper end that pivots around the same hori 
Zontal axis 2554 as the support arm 2553. The ground gauge 
wheel 2555 rolls along the surface of the soil with little 
variation in its vertical position relative to the soil surface, 
because of the wide and smooth surface area of the wheel 
2555. The closing wheels 2551, on the other hand, penetrate 
into the soil, and thus change their vertical positions accord 
ing to the hardness of the soil. The resulting pivoting move 
ment of the support arm 2553, relative to the more stable 
position of the support arm 2556, is thus representative of the 
soil hardness. This relative pivoting movement of the Support 
arm 2553 is measured by an angular measurement device 
2560 coupled to the upper end of the support area 2553. 
0242. In the illustrative embodiment of FIGS. 44C-44G, 
the angular measurement device 2560 is formed by the com 
bination of (1) a cam 2561 attached to a stub shaft 2561a 
projecting laterally from the support arm 2553 and (2) an 
adjacent inductive proximity sensor 2562. As the Supportarm 
2553 pivots around the axis 2554, the corresponding angular 
movement of the cam 2561 is detected by the sensor 2562, 
which produces an electrical output signal that is proportional 
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to the distance between the surface of the arm 2561 and the 
adjacent and of the sensor 2562. That distance varies as the 
angular position of the cam 2561 changes with the pivoting 
movement of the support arm 2553, and thus the output signal 
produced by the sensor 2562 is proportional to the angular 
position of the support arm 2853, which in turn is generally 
proportional to the soil hardness. This signal can be used to 
regulate the down pressure exerted on the closing wheels 
2551, by the hydraulic actuator 2563, to compensate for 
variations in the sensed soil hardness. 

0243 FIG. 45 is a schematic diagram of a hydraulic con 
trol system for any or all of the hydraulic actuators in the 
systems described above. The hydraulic cylinder 2600 is sup 
plied with pressurized hydraulic fluid from a source 2601 via 
a first controllable two-position control valve 2602, a restric 
tion 2603 and a check valve 2604. The pressurized hydraulic 
fluid supplied to the cylinder 2600 can be returned from the 
cylinder to a sump 2605 via a second controllable two-posi 
tion control valve 2606, a restriction 2607 and a check valve 
2608. Both the control valves 2602 and 2606 are normally 
closed, but can be opened by energizing respective actuators 
2609 and 2610, such as solenoids. Electrical signals for ener 
gizing the actuators 2609 and 2610 are supplied to the respec 
tive actuators via lines 2611 and 2612 from a controller 2613, 
which in turn may be controlled by a central processor 2614. 
The controller 2613 receives input signals from a plurality of 
sensors, which in the example of FIG. 45 includes a pressure 
transducer 2615 coupled to the hydraulic cylinder 2600 via 
line 2616, and a ground hardness sensor 2617. An accumula 
tor 2618 is also coupled to the hydraulic cylinder 2600, as 
described in detail above, and a relief valve 2619 connects the 
hydraulic cylinder 2600 to the sump 2605 in response to an 
increase in the pressure in the cylinder 2600 above a prede 
termined level. 

0244. To reduce the energy required from the limited 
energy source(s) available from the tractor or other propul 
sion device used to transport the row units over an agricultural 
field, the control valves 2602 and 2606 are preferably con 
trolled with a pulse width modulation (PWM) control system 
implemented in the controller 2613. The PWM control sys 
tem. Supplies short-duration (e.g., in the range of 50 millisec 
onds to 2 seconds with orifice sizes in the range of 0.020 to 0.2 
inch) pulses to the actuators 2609 and 2610 of the respective 
control valves 2602 and 2606 to open the respective valves for 
short intervals corresponding to the widths of the PWM 
pulses. This significantly reduces the energy required to 
increase or decrease the pressure in the hydraulic cylinder 
2600. The pressure on the exit side of the control valve is 
determined by the widths of the individual pulses and the 
number of pulses supplied to the control valves 2602 and 
2606. Thus, the pressure applied to the hydraulic cylinder 
2622 may be controlled by separately adjusting the two con 
trol valves 2602 and 2606 by changing the width and/or the 
frequency of the electrical pulses Supplied to the respective 
actuators 2609 and 2610, by the controller 2613. This avoids 
the need for a constant Supply current, which is a significant 
advantage when the only available power source is located on 
the tractor or other vehicle that propels the Soil-engaging 
implement(s) across a field. 
0245. The hydraulic control system of FIG. 45 may be 
used to control multiple hydraulic cylinders on a single row 
unit or a group of row units, or may be replicated for each 
individual hydraulic cylinder on a row unit having multiple 
hydraulic cylinders. For example, in the system described 
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above having a ground hardness sensor located out in front of 
the clearing wheels, it is desirable to have each hydraulic 
cylinder on any given row unit separately controlled so that 
the down pressure on each tool can be adjusted according to 
the location of that tool in the direction of travel. Thus, when 
the ground hardness sensor detects a region where the soil is 
softer because it is wet, the down pressure on each tool is 
preferably adjusted to accommodate the softer soil only dur 
ing the time interval when that particular tool is traversing the 
wet area, and this time interval is different for each tool when 
the tools are spaced from each other in the direction of travel. 
In the case of a group of row units having multiple hydraulic 
cylinders on each row unit, the same hydraulic control system 
may control a group of valves having common functions on 
all the row units in a group. 
0246 FIG. 46A is a schematic diagram of a modified 
hydraulic control system that uses a single three-position 
control valve 2620 in place of the two two-position control 
valves and the two check valves used in the system of FIG. 45. 
The centered position of the valve 2620 is the closed position, 
which is the normal position of this valve. The valve 2620 has 
two actuators 2620a and 2620b, one of which moves the valve 
to a first open position that connects a source 2621 of pres 
surized hydraulic fluid to a hydraulic cylinder 2622 via 
restriction 2620c, and the other of which moves the valve to a 
second open position that connects the hydraulic cylinder 
2622 to a sump 2623. Electrical signals for energizing the 
actuators 2620a and 2620b are supplied to the respective 
actuators via lines 2624 and 2625 from a controller 2626, 
which in turn may be controlled by a central processor 2627. 
The controller 2626 receives input signals from a pressure 
transducer 2628 coupled to the hydraulic cylinder 2622 via 
line 2629, and from an auxiliary sensor 2630, such as a 
ground hardness sensor. An accumulator 2631 is coupled to 
the hydraulic cylinder 2622, and a relief valve 2632 connects 
the hydraulic cylinder 2622 to the sump 2623 in response to 
an increase in the pressure in the cylinder 2622 above a 
predetermined level. 
0247. As depicted in FIG. 46B, a PWM control system 
supplies short-duration pulses P to the actuators 2620a and 
2620b of the control valve 2620 to move the valve to either of 
its two open positions for short intervals corresponding to the 
widths of the PWM pulses. This significantly reduces the 
energy required to increase or decrease the pressure in the 
hydraulic cylinder 2622. In FIG. 46B, pulses P1-P3, having a 
voltage level V1, are supplied to the actuator 2620b when it is 
desired to increase the hydraulic pressure Supplied to the 
hydraulic cylinder 2622. The first pulse P1 has a width T1 
which is shorter than the width of pulses P2 and P3, so that the 
pressure increase is Smaller than the increase that would be 
produced if P1 had the same width as pulses P2 and P3. Pulses 
P4-P6, which have a voltage level V2, are supplied to the 
actuator 2620a when it is desired to decrease the hydraulic 
pressure supplied to the hydraulic cylinder 2622. The first 
pulse P4 has a width that is shorter than the width T2 of pulses 
P2 and P3, so that the pressure decrease is smaller than the 
decrease that would be produced if P4 had the same width as 
pulses P5 and P6. When no pulses are supplied to either of the 
two actuators 2620a and 2620b, as in the “no change' interval 
in FIG. 46B, the hydraulic pressure remains substantially 
constant in the hydraulic cylinder 2622. 
0248 FIG. 46C illustrates an electrical control system that 
has a separate electrical controller 2651,2652,2653. . .2654 
on each of multiple row units R1, R2, R3 ... Rn drawn by a 
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single tractor T. Thus, the hydraulic actuators on each row 
unit can be controlled independently of the actuators on the 
other row units. All the row unit controllers 2651-2654 are 
controlled by a master controller 2650, which may be located 
on the tractor or the draw bar, or even on one of the row units. 
The master controller 2650 sends electrical signals to, and 
receives electrical signals from, each individual row unit in 
parallel, which provides significant advantages, especially 
when combined with the use of intermittent control signals 
such as the PWM signals discussed above. For example, the 
master controller can coordinate changes in pressure in the 
multiple row units sequentially, so that only a single row unit 
draws power from the Source at any given time. In another 
example, each row unit can signal the master controller when 
power is needed by that row unit, and then the master con 
troller can control the Supplying of power to only those row 
units requiring adjustment, and during the time interval when 
each row unit requires power for making adjustment. This 
reduces the time required to cycle through the row units to 
which power is sequentially Supplied. In yet another example, 
the individual row units can send the master controller signals 
indicating the magnitude of adjustment required, and the 
master controller can assign higher priorities to those row 
units requiring the largest adjustments, so that those row units 
receive power for making adjustments more quickly than row 
units assigned lower priorities. Or the higher priority row 
units can be provided with power during more cycles than row 
units having lower priorities. 
0249 Turning now to FIG. 47, a row-clearing unit 3010 is 
mounted in front of a planting row unit 3011. A common 
elongated hollow towing frame 3012 (typically hitched to a 
tractor by a draw bar) is rigidly attached to the front frame 
3013 of a four-bar linkage assembly 3014 that is part of the 
row unit 3011. 

0250) As the planting row unit 3011 is advanced by the 
tractor, a coulter wheel 3015 works the soil and then other 
portions of the row unit part the cleared soil to form a seed 
slot, deposit seed in the seed slot and fertilizer adjacent to the 
seed slot, and close the seed slot by distributing loosened soil 
into the seed slot with a closing wheel 3018. A gauge wheel 
3019 determines the planting depth for the seed and the height 
of introduction of fertilizer, etc. Bins 3016 and 3017 on the 
row unit carry the chemicals and seed which are directed into 
the soil. The planting row unit 3011 is urged downwardly 
against the soil by its own weight. If it is desired to have the 
ability to increase this downward force, or to be able to adjust 
the force, a hydraulic or pneumatic cylinder and/or one or 
more springs may be added between the front frame 3013 and 
the linkage 3014 to urge the row unit downwardly with a 
controllable force. Such a hydraulic cylinder may also be 
used to lift the row unit off the ground for transport by a 
heavier, stronger, fixed-height frame that is also used to trans 
port large quantities of fertilizer for application via multiple 
residue-clearing and tillage row units. This hydraulic or pneu 
matic cylinder may be controlled to adjust the downward 
force for different soil conditions such as is described in U.S. 
Pat. Nos. 5,709,271, 5,685,245 and 5,479,992. 
0251. The row-clearing unit 3010 includes an attachment 
frame that includes a pair of rigid arms 3020 and 3021 
adapted to be rigidly connected to the towing frame 3012. In 
the illustrative embodiment, the arms 3020 and 3021 are 
bolted to opposite sides of the front frame 3013 of the row unit 
3011, which in turn is rigidly attached to the towing frame 
3012. An alternative is to attach the row-clearing unit 3010 
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directly to the towing frame 3012. At the bottom of the row 
clearing unit 3010, a pair of cooperating toothed clearing 
wheels 3022 and 3023 are positioned upstream of the coulter 
wheel3015 of the planting row unit 3011. 
0252. The clearing wheels 4022, 4023 are arranged for 
rotation about transverse axes and are driven by the underly 
ing soil as the wheels are advanced over the soil. The illus 
trative wheels 4022, 4023 are a type currently sold by the 
assignee of the present invention under the trademark 
TRASHWHEEL. The toothed wheels 4022, 4023 cooperate 
to produce a scissors action that breaks up compacted Soil and 
simultaneously clears residue out of the path of planting. The 
wheels 4021 and 4022 kick residue off to opposite sides, thus 
clearing a row for planting. To this end, the lower edges are 
tilted outwardly to assist in clearing the row to be planted. 
This arrangement is particularly well Suited for Strip tilling, 
where the strip cleared for planting is typically only about 
4010 inches of the 4030-inch center-to-center spacing 
between planting rows. 
(0253) In FIGS. 47 and 48, the clearing wheels 4022 and 
4023 are shown in two different vertical positions. Specifi 
cally, the wheels 4022, 4023 are in a lower position in FIG. 1, 
where the elevation of the soil is decreasing, than in FIG. 48, 
where the Soil elevation is increasing. 
0254 The row-clearing unit 10 is shown in more detail in 
FIGS. 49-55. The two frame arms 4020, 4021 are intercon 
nected by an arched crossbar 4024 that includes a pair of 
journals 4025 and 4026 for receiving the leading ends of a 
pair of laterally spaced support arms 4030 and 4031. The 
support arms 4030, 4031 are thus pivotally suspended from 
the crossbar 4024 of the attachment frame, so that the trailing 
ends of the support arms 4030, 4031 can be pivoted in an arc 
around a horizontal axis 4032 extending through the two 
journals 4025, 4026. 
(0255. The row-clearing wheels 4022 and 4023 are 
mounted on the trailing ends of the support arms 4030 and 
4031, which are bolted or welded together. As can be seen in 
FIGS. 50-52, the wheels 4022, 4023 can be raised and low 
ered by pivoting the support arms 4030, 4031 around the 
horizontal axis 4032. The pivoting movement of the support 
arms 4030, 4031 is controlled by a hydraulic cylinder 4070 
connected between the fixed crossbar 4024 and the trailing 
ends of the support arms 4030, 4031. FIGS. 50-52 show the 
support arms 4030, 4031, and thus the clearing wheels 4022, 
4023, in progressively lower positions. The downward pres 
sure applied to the support arms 4030, 4031 to urge the 
clearing wheels 4022, 4023 against the soil is also controlled 
by the hydraulic cylinder 4070. 
(0256 The hydraulic cylinder 4070 is shown in more detail 
in FIGS. 53-55. Pressurized hydraulic fluid from the tractor is 
supplied by a hose (not shown) to a port 4071 that leads into 
an annular cavity 4072 surrounding a rod 4073, and then on 
into an accumulator 4079. After the internal cavities con 
nected to the port 4071 are filled with pressurized hydraulic 
fluid, the port is closed by a valve, as will be described in more 
detail below. The lower end of the annular cavity 4072 is 
formed by a shoulder 4074 on the rod 4073, so that the 
hydraulic pressure exerted by the hydraulic fluid on the sur 
face of the shoulder 4074 urges the rod 4073 downwardly (as 
viewed in FIGS. 53-55), with a force determined by the 
pressure of the hydraulic fluid and the area of the exposed 
surface of the shoulder 4074. The hydraulic fluid thus urges 
the rod 4073 in an advancing direction (see FIG. 54). 
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0257. When the rod 4073 is advanced outwardly from the 
cylinder 4070, the rod pivots the support arms 4030, 4031 
downwardly, thereby lowering the clearing wheels 4022, 
4023. Conversely, retracting movement of the rod 4073 pivots 
the support arms 4030, 4031 upwardly, thereby raising the 
clearing wheels 4022, 4023. 
0258. The accumulator 4079 includes a diaphragm that 
divides the interior of the accumulator into a hydraulic-fluid 
chamber 4079a and a gas-filled chamber 4079b, e.g., filled 
with pressurized nitrogen. FIG. 53 shows the rod 4073 in a 
position where the diaphragm is not deflected in either direc 
tion, indicating that the pressures exerted on opposite sides of 
the diaphragm are substantially equal. In FIG. 54, the hydrau 
lic force has advanced the rod 4073 to its most advanced 
position, which occurs when the resistance offered by the soil 
to downward movement of the clearing wheels 4022, 4023 is 
reduced (e.g., by Softer soil or a depression in the soil). 
0259. As can be seen in FIG. 54, advancing movement of 
the rod 4073 is limited by the “bottoming out of a coil spring 
4075 located between a flange 4076 attached to the inner end 
of the rod 4073 and a flange 4077 attached to the interior of the 
cylinder 4070. As the rod 4073 is advanced, the coil spring 
4075 is progressively compressed until it reaches its fully 
compressed condition illustrated in FIG. 54, which prevents 
any further advancement of the rod 4073. Advancing move 
ment of the rod 4073 also expands the size of the annular 
cavity 4072 (see FIG. 54), which causes the diaphragm 4078 
in the accumulator 4079 to deflect to the position illustrated in 
FIG. 54 and reduce the amount of hydraulic fluid in the 
accumulator 4080. When the rod 4073 is in this advanced 
position, the support arms 4030, 4031 and the clearing wheels 
4022, 4023 are pivoted to their lowermost positions relative to 
the row unit 4011. 

0260. In FIG.55, the rod 4073 has been withdrawn to its 
most retracted position, which can occur when the clearing 
wheels 4022, 4023 encounter a rock or other obstruction, for 
example. When the rod 4073 is in this retracted position, the 
support arms 4030, 4031 and the clearing wheels 4022, 4023 
are pivoted to their uppermost positions relative to the row 
unit. As can be seen in FIG.55, retracting movement of the 
rod 4073 is limited by engagement of a shoulder 4080 on the 
rod 4073 with a ring 4081 on the trailing end of the cylinder 
4070. As the rod 4073 is retracted by forces exerted on the 
clearing wheels 4022, 4023, the coil spring 4075 is progres 
sively expanded, as illustrated in FIG.55, but still applies a 
retracting bias to the rod 4073. 
0261 Retracting movement of the rod 4073 virtually 
eliminates the annular cavity 4072 (see FIG. 55), which 
causes a portion of the fixed volume of hydraulic fluid in the 
cylinder 4070 to flow into the chamber 4079a of the accumu 
lator 4079, causing the diaphragm 4078 to deflect to the 
position illustrated in FIG. 55. This deflection of the dia 
phragm 4078 into the chamber 4079b compresses the gas in 
that chamber. To enter the chamber 4079a, the hydraulic fluid 
must flow through a restriction 4080, which limits the rate at 
which the hydraulic fluid flows into the accumulator. This 
controlled rate of flow of the hydraulic fluid has a damping 
effect on the rate at which the rod 4073 retracts or advances, 
thereby avoiding Sudden large movements of the moving 
parts of the row-clearing unit. 
0262. When the external obstruction causing the row 
cleaners to rise is removed from the clearing wheels, the 
combined effects of the pressurized gas in the accumulator 
4079 on the diaphragm 4078 and the pressure of the hydraulic 
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fluid move the rod 4073 to a more advanced position. This 
downward force on the clearing wheels 4022, 4023 holds 
them against the Soil and prevents uncontrolled bouncing of 
the wheels over irregular terrain, but is not so excessive as to 
leave a trench in the soil. The downward force applied to the 
clearing wheels 4022, 4023 can be adjusted by changing the 
pressure of the hydraulic fluid supplied to the cylinder 4070. 
0263 FIG. 56 is a schematic of a hydraulic control system 
for Supplying pressurized hydraulic fluid to the cylinders 
4070 of multiple row units. A source 4100 of pressurized 
hydraulic fluid, typically located on a tractor, Supplies 
hydraulic fluid under pressure to a pressure control valve 
4101 via supply line 4102 and receives returned fluid through 
a return line 4103. The pressure control valve 101 can be set 
by an electrical control signal S1 online 4104 from a control 
ler 4112, to deliver hydraulic fluid to an output line 4105 at a 
desired pressure. The output line 4105 is connected to a 
manifold 106 that in turn delivers the pressurized hydraulic 
fluid to individual feed lines 4107a, 4107b . . .4107m con 
nected to the ports 4071 of the respective hydraulic cylinders 
4070 of the individual row units. The row units include 
respective pressure sensors 4108a, 4.108b . . . 4108n that 
monitor the forces on the tools to which the respective 
hydraulic cylinders are coupled, and the sensors produce 
electrical output signals that are fed back to the controller 
4112 for use in determining a desired setting for the pressure 
control valve 4101. 

0264 FIG. 57 is a schematic of a modified hydraulic con 
trol system that permits individual control of the supply of 
hydraulic fluid to the cylinder of each separate row unit. 
Portions of this system that are common to those of the system 
of FIG. 56 are identified by the same reference numbers. The 
difference in this system is that each of the individual feed 
lines 4107a, 4107b . . . 4107n leading to the row units is 
provided with a separate pressure control valve 4110a, 4110b 
. . . 4.110m, respectively, that receives its own separate elec 
trical control signal on one of a plurality of output lines 
4011a, 4011b . . . 4111C from an electrical controller 4112. 
This arrangement permits the Supply of pressurized hydraulic 
fluid to each row unit to be controlled by the pressure control 
valve 110 for that row unit. The individual valves 4110a, 
4110b . . . 4110n receive pressurized hydraulic fluid via the 
manifold 4116 and separate supply lines 4113a, 4113b . . . . 
4113n, and return hydraulic fluid to a sump on the tractor via 
a return manifold 4114 connected back to the return line 4103 
of the hydraulic system 4100 of the tractor. 
0265. One benefit of the control systems of FIGS. 56 and 
57 is that as agricultural planters, seeders, fertilizer applica 
tors, tillage equipment and the like become wider with more 
row units on each frame, often 3630-inch rows or 54 20-inch 
rows on a single 90-foot wide toolbar, each row-clearing unit 
can be controlled independently of every other row-clearing 
unit. Thus, the down pressure for each row unit can be 
remotely adjustable from the cab of the tractor or other 
selected location. This permits very efficient operation of a 
wide planter or other agricultural machine in varying terrain 
without having to stop to make manual adjustment to a large 
number of row units, resulting in a reduction in the number of 
acres planted in a given time period. One of the most impor 
tant factors in obtaining a maximum crop yield is timely 
planting. By permitting remote down force adjustment of 
each row-clearing unit (or group of units), including the abil 
ity to quickly release all down force and let the row cleaner 
quickly rise, e.g., when approaching a wet spot in the field, 
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one can significantly increase the planterproductivity or acres 
planted per day, thereby improving yields and reducing costs 
of production. 
0266 On wide planters or other equipment, at times 90 
feet wide or more and planting at 6 mph or more forward 
speed, one row-clearing unit must often rise or fall quickly to 
clear a rock or plant into an abrupt Soil depression. Any 
resistance to quick movement results in either gouging of the 
soil or an uncleared portion of the field and reduced yield. 
With each row unit having its own separate control, the clear 
ing wheels and the rod of the hydraulic cylinder can move 
quickly and with a nearly constant down force. 
0267 Although the illustrative embodiments described 
above utilize clearing wheels as the agricultural tools, it 
should be understood that the invention is also applicable to 
row units that utilize other agricultural tools, such as fertilizer 
openers or rollers for firming loose soil. 
0268. In order to dynamically control the hydraulic pres 
Sure applied to the soil-engaging tools in response to varying 
soil conditions, each pressure sensor is preferably connected 
between the ram of each hydraulic actuator 4019 and the 
support member for the tool controlled by that ram. One such 
system is illustrated in FIG. 58, in which a tractor hydraulic 
system 4100 supplies pressurized hydraulic fluid to multiple 
row units 4401a, 4401b. . . 4401n. In the illustrative system, 
each row unit includes three hydraulic cylinders 4402, 4403 
and 4404, one for each of three tool support members 4405, 
4406 and 4407, and the hydraulic fluid is supplied to each 
hydraulic cylinder through a separate pressure control valve 
4408, 4409 or 4410 via a supply manifold 4102 and a return 
manifold 4103. A separate pressure sensor 4411, 4412 or 
4413 (e.g., a load cell or strain gauge) is connected between 
the ram of each of the cylinders 4402, 4403 and 4404 and its 
associated tool support member 4405, 4406 or 4407, respec 
tively. The electrical output signals from all the pressure 
sensors 4411-4413 are sent to a controller 4420, which gen 
erates a separate control signal for each of the pressure control 
valves 4408, 4409 and 4410. 
0269. In FIG. 58, the components of each row unit have 
been identified by the same reference numerals used for those 
same components in the other row units, with the addition of 
the same distinguishing Suffixes used for the row units. For 
example, in row unit 4401a, the three hydraulic cylinders 
have been designated 4402a, 4403a and 4404a. Only three 
row units 4401a, 401b . . . 401n are shown in FIG. 58, but it 
will be understood that any number of row units may be used, 
and it is common practice to have a tractor pull many more 
than three row units, all of which are coupled to the hydraulic 
system of the single tractor. 
0270. The controller 4420 continuously monitors the elec 

trical output signals from the pressure sensors 4411-4413 and 
uses those signals to produce a separate control signal for 
each of the valves 4408-4410. These signals control the pres 
sure control valves 4408-4410 to maintain desired hydraulic 
pressures in the respective hydraulic cylinders 4402-4404 of 
all the row units. Consequently, if different row units encoun 
ter different soil conditions, those conditions are sensed by 
the respective pressure sensors 4115 and the output signals 
produced by those sensors cause different hydraulic pressures 
to be supplied to the different row units, thereby compensat 
ing for the particular soil conditions encountered by the dif 
ferent row units. For example, if some or all of the row units 
4401 move from a region of relatively soft soil into a region of 
relatively hard Soil, the output signals from the pressure sen 
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sors 4411-4413 on those row units will increase. These 
increases are detected by the controller 4420, which then 
automatically adjusts the control signals Supplied to the cor 
responding valves to increase the hydraulic pressure Supplied 
to the hydraulic cylinders associated with those valves. 
0271 The system of FIG.58 is capable of providing inde 
pendent control of the down pressure on different tools, such 
as the clearing wheels and the closing wheels, on the same 
row unit. The controller 4420 receives a separate input signal 
from the pressure sensor associated with each separate cylin 
der, and produces a separate control signal for each separate 
pressure control valve. Thus, the hydraulic pressure Supplied 
to each separate hydraulic cylinder may be separately con 
trolled, independently of all the other cylinders, whether on 
the same row unit or different row units. 
0272. The controller 4420 may be programmed to use 
different algorithms to determine how the hydraulic pressure 
Supplied to any given cylinder is adjusted in response to 
changes in the signals from the pressure sensor for that cyl 
inder. For example, the controller can simply convert the 
signal from a given pressure sensor into a proportional signal 
having a linear relationship with the sensor output signal, to 
produce a control signal that falls within a suitable range for 
controlling the corresponding pressure control valve (e.g., 
within a range of 0-1 OV). Alternatively, the conversion algo 
rithm can apply a scaling factor or gain to the signal from the 
sensor as part of the conversion. Filters may also be employed 
in the conversion process, e.g., to ignore sensor signals above 
a first threshold value and/or below a second threshold value. 
0273. The sensor output signals may also be averaged over 
a prescribed time period. For example, the signal from each 
pressure sensor may be sampled at predetermined intervals 
and averaged over a prescribedtime period, so that the control 
signal Supplied to the pressure control valve associated with 
that sensor does not change abruptly in response to only a 
brief, temporary change in soil conditions. Certain param 
eters, such as Scaling factors, can be made manually select 
able to enable an operator selection to customize the behavior 
of one or more row units to suit personal preferences. Differ 
ent "mappings' may also be provided to enable an operator to 
select predetermined sets of variables correlated to different 
conditions. 

0274 FIGS. 59 and 60 illustrate a load cell 4500 for sens 
ing the pressure on a pair of clearing wheels 4022 and 4023. 
The load cell 4500 couples the rod of the hydraulic cylinder 
4070 to the two arms 4030 and 4031 that carry the clearing 
wheels 4022 and 4023, so that the load cell is subjected to the 
same forces as the clearing wheels. Specifically, the load cell 
4500 extends through an annulus 4501 attached to the end of 
the cylinder rod, and the opposite ends of the load cell extend 
through closely fitting apertures in the arms 4030 and 4031 
and are secured thereto by a pair of C clips 4502 and 4503. As 
the forces exerted on the load cell change, the electrical output 
signal produced by the load cell on its output line 4504 
changes in proportion to changes in the exerted forces. 
0275. The control system described above may utilize 
position sensors, pressure transducers, load sensors, biased 
mechanical Switches, etc. to detect varying field conditions, 
and sends signals to a programmable logic controller. The 
controller in turn analyzes and processes those signals into a 
corrected usable signal, to be output to a number of integral 
hydraulic, pneumatic, or electric actuators that control 
parameters such as the down force on different parts of each 
row unit. The information collected in the process is prefer 
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ably also used for a remote interactive display and controller, 
or for the development of Soil condition maps, for use in 
future field planning, and maintenance. 
0276. As the science of agronomy expands, several factors 
that boost the yield potential of various row crops have been 
identified. Many of these factors can be controlled and physi 
cally manipulated by means of mechanical operations on Soil 
and its accompanying residue and/or additional in-field 
obstacles Such as rocks, waterways, etc. The need to have 
real-time control over all implement systems is of critical 
importance as row crop operations move to large platform 
tools, with single operators. 
0277 Additionally, the mapping of in-field obstacles has 
strong potential to supplement planning for field develop 
ment and maintenance, Such as the removal of obstacles in the 
field (e.g., rocks, fence posts, etc.), determining appropriate 
crop rotation, identifying trouble spots for Soil erosion, iden 
tifying areas that may benefit from tiling, determining appro 
priate tillage practices, and determining application rates for 
fertilizers and pesticides. 
0278 Row unit down force can be used to control both the 
depth of a seeding unit or other agricultural implement, and 
the compaction of soil from a depth-gauging member such as 
the gauge wheels on a row crop planter. Two important ele 
ments of this process are the ability to ensure that the ground 
engaging element (e.g., the Vee openerblade on a planter row 
unit) consistently runs at a uniform depth, and that in the 
process of achieving depth, the gauging element(s) does not 
excessively compact the ground. Compacted ground is 
known to inhibit the germination and emergence of row crop 
seeds, as well as the lateral rootgrowth of a row crop seedling. 
0279 Row cleaner down force can be used to control the 
height and load of a floating row cleaners, which are devices 
that stretch and deliver row crop residue around the path of a 
seeding implement, or other depth gauging member to ensure 
that the depth gauging member runs upon a consistent Sur 
face. Running on a consistent Surface allows for more uni 
form depth of the ground-engaging member. In the case of a 
seeding machine, this promotes consistent depth of seed, 
which is known to boost yield potential. 
0280 A controllable down force can be used to regulate 
both the depth of a ground-engaging elementofa cutting disc, 
and compaction caused by an adjacent gauge wheel. As an 
example, consistent depth of fertilizer is known to those 
skilled in the art to promote ideal nutrient uptake in a row crop 
plant. Consistent depth can also allow for uniform soil cov 
erage of fertilizer by a furrow-closing device. Uniform cov 
erage can reduce fertilizer loss from Surface runoff, and/or 
loss due to Volatilization of nitrogen, and off gassing. 
0281 Closing wheel down force can be used to regulate 
the depth on a furrow-closing device. Consistent, properly 
calibrated down pressure and depth on a furrow closing 
device on a seeding unit, or other ground engaging tool, can 
ensure soil coverage over the furrow without causing excess 
compaction, or blow-out. This is of particular importance in 
the placement of row crop seeds. The seed ideally requires the 
furrow closer to press Soil tight to the seed to promote germi 
nation, while allowing the Surface to remain loose, so that the 
seedling can emerge with little resistance due to compaction, 
or crusting. 
0282. A depth gauging element actuator is any device that 
allows for remote adjustment of the depth-gauging element of 
a row crop tool. Gauging depth is a critical element of almost 
all row crop tools (seeding units, tillage tools, fertilizer 
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coulters, etc.) In the case of a seeding unit, gauge wheel 
settings are of primary importance. Uniform depth of the seed 
is well known to significantly improve yield potential. A real 
world example: If the gauge wheels on a seeding unit buildup 
with mud, it is important to adjust the stops on the gauge 
wheels to correct for the added increase in radius on the gauge 
wheels, and maintain Vee-opener blade depth. 
0283. In one embodiment, a planting row unit is attachable 
to a towing frame for movement in a forward direction on a 
field having soil of varying hardness conditions. The planting 
row unit includes an opener device forward of the towing 
frame for preparing the soil for receiving at least one of the 
fertilizer and the seeds. The opener device includes a soil 
hardness sensor for detecting changes in soil-hardness con 
ditions and an openerblade for maintaining, in response to the 
changes, a Substantially constant soil-penetration depth Z in 
the Soil independent of the varying hardness conditions. A 
modular actuator is mounted to the opener device for apply 
ing pressure to the opener blade. 
0284. The nature of systems of large numbers of sensors 
and actuators on agricultural implements can be confusing 
and cumbersome if the performance of all individual units, 
and their auxiliary components, cannot be quickly reviewed, 
and Subsequently adjusted in a timely manner. Row crop 
production is extremely time and soil-condition sensitive, and 
certain operations benefit tremendously from the easing of 
real-time operator input control, particularly in the case of 
systems installed on ultra-wide toolbars (over 60 ft.). In many 
of these systems, one operator must monitor and make adjust 
ments to 50 or more units. Those units may have 4 or 5 
auxiliary systems that also require monitoring and adjust 
ment. The necessity to have a comprehensive high-speed 
controller and monitor to assist in regulating all actuator 
activity in a particular system is evident when a single opera 
tor must monitor and adjust hundreds of components in real 
time. Smaller operators can also realize a significant advan 
tage if methods are properly employed. 
0285) A system for integrated control over all onboard 
actuators on an agricultural implement is described here. 
Typical of a row crop tool are two primary elements, a 
ground-engaging component, and a depth-gauging compo 
nent. There may be more than one ground-engaging compo 
nent, or depth-gauging component, depending on the tool. 
The positions of the lowest elements of the individual com 
ponents are necessarily unequal. The lowest element of the 
ground-engaging component/s is identified by the extent to 
which the engaged media (e.g., soil, crop residue) is being 
physically manipulated. The lowest element of the gauging 
component regulates the extent to which the ground-engag 
ing components manipulate the engaged media. Regulating 
the depth on a ground-engaging component is of primary 
interest. 
0286 For measurement and regulation of depth, the chief 
sensing element of this system is a position sensor. This 
sensor may be linear or angular in nature and, depending on 
the method, may be either an absolute or a relative displace 
ment sensor. This sensor may also be a laser rangefinder, or 
ultra-Sonic in nature. This measurement is the primary input 
to an onboard programmable controller. The physical device 
generating this primary input may be used on an auxiliary or 
add-on component, Such as a leading furrow opener having 
both a ground-engaging member and a depth-gauging mem 
ber fitted with a position sensor situated to measure the rela 
tive distance between the ground-engaging member Support, 
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and the depth-gauging member Support. The device may also 
be located on the ground-engaging member and depth-gaug 
ing member of the primary tool. Such as the Vee-openerblades 
on a seeding unit. Supplementary sensors may be installed 
both as primary sensing units, as well as performance correc 
tion devices, on the primary tool and on auxiliary tools. For 
example, on a seeding device, position sensors may be 
installed on a leading furrow opener, on a residue-managing 
device, on the seeding row unit, and on the furrow closer. In 
many cases, due to cost constraints, operators may choose 
only one or two position sensors as their primary signals, with 
the additional sensor(s) only positively contributing to error 
correction over the entire device. Ideally, all four inputs are 
utilized for analyzing a row unit, and auxiliary tool position, 
and outputting a signal to all actuators that re-position the 
tool, or auxiliary components, to allow for maximum perfor 
mance from the tool and its auxiliary components. 
0287. For correction and determination of performance of 
row crop tool actuators, the chief sensing element is an inte 
grated pressure transducer. Supplemental performance mea 
Surements may include load sensors (which are pre-installed 
on many ground-engaging tools) or biased proximity 
switches. These sensors may be used to correct errors that 
occur in the processing of the position sensor signal, and to 
verify that the actuators are performing properly. For 
example, many seeding units are equipped with "load pins' 
on the upper stops of the units’ gauge wheels. Such load pins 
can generate signals that correlate directly to the signals gen 
erated by the position sensors. 
0288 Integration of mechanical and electrical devices is 
possible with outdoor-rated, compact programmable logic 
controllers. The multi-channel controller in this system 
receives the input signal of the position sensor of the primary 
ground-engaging tool, and any additional auxiliary signals, 
and then processes those signals to generate a base signal that 
is output to the actuators. This signal may be processed using 
a number of mathematical methods to output a signal best 
Suited for proper response from a particular actuator. After the 
signal is processed, it is checked and corrected using the 
signals from pressure transducers, load sensors or biased 
proximity Switches. For example, in a seeding unit that is 
equipped with an actuated furrow opener, an actuated residue 
manager, a row unit down force actuator, and an actuated 
closing wheel, the primary signal is received from the furrow 
opener position sensor. This signal is Supplied to a controller 
that averages or otherwise mathematically manipulates the 
signal to produce a clean, consistent signal to each compo 
nent's actuator. This signal typically differs for each actuator, 
and different computations are typically required for each 
output signal. 
0289. Once the signals of all the sensors have been pro 
cessed and corrected, and the actuators have been activated, it 
is preferred to be able to visually inspect the performance of 
each individual row unit and its auxiliary components. Also, 
due to the nature of agricultural field work, it is beneficial to 
be able to control all elements of the system from a remote 
location Such as a tractor cab. To this end, the system may 
employ a vehicle bus to direct information to an in-cab moni 
tor from the individual row controllers, where the information 
can be processed and viewed in a variety of different configu 
rations. This information may also be delivered wirelessly to 
a remote location to alert an operator (e.g., via text messaging 
or e-mail) when errors occur with an actuator or any of its 
associated sensors. Some operators will choose to employ all 
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available actuators and all available sensors on all rows, and 
will want to have direct control row-by-row, in sections, or 
across the entire toolbar, depending on the operation and the 
disposition of the operator. 
0290 The preferred user interface is an interactive in-cab 
display having several features that allow the operator to 
quickly review all systems and adjust the appropriate actuator 
(s) accordingly. The display may provide row-by-row view 
ing of the functionality of individual tools and auxiliary com 
ponents, or the functionality may be viewed over integrated 
sections, or by averages of units over a particular section. The 
interface also alerts the operator when any of the various 
actuators and/or sensors are malfunctioning, and signals 
which rows or sections need to be checked for repair, or 
calibration. 

0291. There are a large number of mathematical methods 
by which individual controllers process and output signals. 
Due to the nature of the engaged media, the controller must 
sample the position of a particular tool, or component, and 
create a meaningful signal to be transmitted to the actuator. 
When in the field, row crop tools often encounter some rela 
tively periodic oscillations due to ridges formed from a vari 
ety of pre-plant tools (tillage, fertilizer application, etc.). 
Additionally the position sensor will register large spikes as a 
result of encountering massive in-field obstacles (e.g., rocks, 
concrete, fence posts, etc.). Depending on location, the num 
ber of large spikes may be very frequent. The controllers must 
be able to register a wide variety of oscillations. In general, as 
ground hardness increases, the actuator must increase down 
force to push with more force against the hard ground. How 
ever, a massive, hard object like a rock requires a different 
approach. When encountering a massive object, increasing 
pressure on the actuators will greatly increase general wear 
on the row crop tool, potentially causing irreparable damage. 
Thus, when encountering massive objects, the controller pref 
erably recognizes the immovable object and, whenever pos 
sible, reduces pressure on the row unit to avoid excessive 
wear on the tool. 
0292. The reading of the signals from the position sensors 
provides an additional side benefit. As the data stream feeds 
into the controller, a forward velocity signal and a GPS coor 
dinate signal may simultaneously be gathered from the local 
CAN. This data collectively can form a soil condition map of 
the field, identifying large stones or other obstacles that the 
operator can later efficiently remove by referring to the map. 
Additionally, when planning for tillage in a particular field, 
the operator may use the soil condition map to help identify 
areas that require more or less tillage. 
0293 Rocks, clods, soil type, soil hardness, moisture level 
and other environmental factors can affect the aperiodic oscil 
lations of any ground-engaging tool sensor signals. The sys 
tem identifies oscillations unique to a particular condition, or 
obstacle, using wave pattern recognition Software. This data 
stream is synchronized with the GPS signal, and is used to 
develop a graphical representation of the field, providing a 
interactive map with GPS coordinate locations of soil com 
paction, excessive moisture, in-field obstacles such as rocks, 
or fence posts that the user may want to remove, or identify 
other conditions that, if treated, may boost soil fertility. 
0294. This system may employ the input from any number 
of cameras, either section-by-section, or row-by-row. There 
are a variety of Small, robust, weatherproof camera systems 
available on the market. The implementation of visual sur 
veillance is for two primary purposes: visual verification of 
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in-field obstacles for use with soil condition maps, and remote 
row unit inspection in the case of error signals. When review 
ing soil condition maps generated by the system, it is helpful 
to visually inspect the obstacle, or other condition that is 
identified by the system. Upon encountering a unique signal 
of interest, the controller activates a camera remotely to Snap 
a still shot of the obstacle or condition of interest, or if the 
camera is generating video content, that data stream is time 
stamped to easily synchronize with the video. The user may 
then select an obstacle identified by the system as a signal of 
interest, and visually inspect the ground, to more easily deter 
mine if it is profitable to remove an obstacle or otherwise treat 
the soil. 

0295. As toolbars grow in size, the distance from the 
ground-engaging tool to the eyes of the operator may be too 
great for detailed inspection. Further, with the common use of 
multiple-hose routings for the delivery of products, and with 
the integration of high-capacity commodity tanks or hoppers 
into toolbars, it may be impossible for the operator to see 
Some rows from the operator's vantage point. If a sensor in the 
system sends an error signal, the error may or may not be 
adversely affecting performance. The cost of stopping an 
ultra-wide planter, even for a few minutes, during the optimal 
planting window can be significant. If an implement is send 
ing an error message, but upon visual inspection seems to be 
functioning adequately, it may prove to be more profitable to 
keep the implement moving. In some configurations, having 
the ability to visually inspect areas on an implement that has 
sensors detecting errors can allow the operator to determine if 
the problem is critical and needs to be addressed, or if it can 
wait until the implement consumables are depleted and is 
stopped for reloading, or is otherwise down for maintenance. 
0296 An additional function of the in-cab display is to 
assist in controlling the depth-gauging member of the row 
crop tool. The ability to remotely control depth may be of use 
to operators who are working in fields with widely varying 
conditions. The ability to slightly raise or lower the ground 
engaging element of the tool can be critical in some applica 
tions. Additionally, in wet conditions mud build-up on a 
depth-gauging member may cause erratic and uneven place 
ment of a particular commodity (e.g., seed, fertilizer), which 
adversely affects yield potential. 
0297. The system may include a photogate, sonogate, 
rangefinder or other sensor that directly determines the height 
of mud buildup on a gauge wheel. This may also be accom 
plished by using a sensor capable of determining the angular 
velocity of a wheel. As the radius on the wheel increases due 
to mud buildup, the angular velocity changes proportionally, 
and so may be used to adjust the depth setting to account for 
the additional radius of the gauge wheel. In either case, sen 
sors determine the average displacement between the opener 
and the gauge wheel. If a change in relative displacement 
occurs, the system recognizes that change, and sends a signal 
to the gauge wheel actuator to make the appropriate adjust 
ment, and maintain a set displacement. 
0298 FIG. 61 illustrates a complete system of tools that 
includes (1) a soil-hardness-sensing unit that includes a cut 
ting disc 5001, a gauge wheel 5001a, a cutting disc position 
sensor 5002, a cutting disc actuator 5003, a cutting disc pres 
sure transducer 5004, a cutting disc load sensor/proximity 
switch 5005; (2) a controllably actuated row cleaner 5006 that 
includes a pair of cleaning wheels 5006a and 5006b, a row 
cleaner position sensor 5007, a row cleaner actuator 5008, a 
row cleaner pressure transducer 5009, a row cleaner load 
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sensor/proximity switch 5010; (3) a remotely actuated row 
unit that includes an actuator cradle 5011, a row unit position 
sensor 5012, a row unit actuator 5013, a row unit pressure 
transducer 5014, a row unit load sensor/proximity switch 
5015; (4) a furrow-opening disc D and an adjacent gauge 
wheel G; (5) a furrow closing unit 5016 that includes at least 
one closing wheel 5016a, a furrow closer position sensor 
5017, a furrow closer actuator 5018, a furrow closer pressure 
transducer 5019, a furrow closer load sensor/proximity 
switch 5020 and a trailing gauge wheel 5021; and (6) a row 
unit programmable controller 5022. 
0299. In FIG. 61, the cutting disc actuator 5003 receives a 
signal from the position sensor 5002. This sensor's signal is 
the initial signal to be processed, corrected and then output to 
the various actuators 5003, 5008, 5013 and 5018. Depending 
on the needs of the operator, Some tools may be added or 
removed, but all have the same general configuration: Sense 
position, adjust actuator, and Verify or correct signal with load 
sensor or proximity Switch. 
0300 FIG. 62 illustrates an exemplary algorithm for use in 
the system of FIG. 61. In this diagram, the various sensor 
signals are Supplied to and processed by the row controller 
5022. The signals from the position sensors, the load sensors, 
and the pressure transducers of all the components are fed 
simultaneously into the row unit controller 5022. This may 
include all the signals from all available sensors, or may 
utilize a smaller number of inputs if the demands of the 
operation do not require more advanced control over a par 
ticular operation. After all sensor signals are received, the 
controller 5022 generates output signals that produce any 
desired changes in the position and/or pressure of all the 
system actuators. Additionally, if available, the signals from 
the position sensors may be adjusted by employing the inputs 
from the pressure transducers, or the load sensors associated 
with the actuators. In this example, every row is controlled 
individually by means of an output signal on a vehicle bus 
5024 from the in-cab controller/monitor 5025. Here, “Row 
N5023 is the nth row of a large platform seeding machine. 
Each of the N row units has an onboard controller 5022 
coupled to the vehicle bus 5024 and a battery 5031. All 
components may be monitored, and controlled from the in 
cab interface. 
0301 FIG. 63 is an example of an algorithm similar to the 
algorithm of FIG. 62, but in this case the row cleaner unit has 
been removed. Despite the lack of a row cleaner, a properly 
placed position sensor can still generate a usable signal. How 
ever, the more inputs, the more potential physical malfunc 
tions may occur. In some instances, fewer inputs may lead to 
a slightly more trouble-free signal generation. 
0302 FIG. 64 is another example of a simplified algo 
rithm. In this example only the cutting disc, and the row unit 
are outfitted with sensors, and actuators. This system requires 
much less computational power, and once again reduces the 
chance of potential problems that may arise from large num 
bers of sensors in a single row unit. 
0303 FIG. 65 illustrates a system that provides sectional 
control over row unit actuators. In this example, the signals of 
m row units in each of n sections are fed into a single con 
troller on a master row unit X for that section. All the other 
row units in each section are slave units controlled by the 
controller 5040 in the master row unit. The signals received 
by the controller 5040 on a master unit are combined to 
generate a separate output signal for each of the slave units 
actuators. Each section then has its own output that may be 














