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(57) ABSTRACT 
A forWard roll agricultural irrigation line includes an irri 
gation unit having a plenum pipe, a plurality of Water 
delivery ori?ces in the plenum pipe, a Water supply line in 
communication With the plenum pipe, and at least one drive 
Wheel supporting the plenum pipe. Typically, there are a 
plurality of drive Wheels supporting the plenum pipe. Adrive 
unit includes a DC electrical rnotor mounted to the irrigation 
unit and engaged to controllably rotate the drive Wheels, 
preferably by rotating the plenum pipe. A control/power unit 
includes a battery poWer supply, a control unit having as an 
input power from the battery poWer supply and as an output 
a control and poWer signal to the DC motor, and a photo 
voltaic battery charger providing recharging poWer to the 
battery poWer supply. 
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AGRICULTURAL IRRIGATION LINE HAVING DC 
MOTOR DRIVE SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to irrigation, and, more par 
ticularly, to agricultural irrigation using a movable forWard 
roll Wheel line. 

[0002] Agricultural irrigation is used to ensure a proper 
Water supply to crops Which Would otherWise receive insuf 
?cient Water. Water is, in some cases, supplied by ?ooding 
or trenches in the ground, and, in other cases, supplied by 
mechaniZed irrigation systems. There are numerous types of 
mechaniZed agricultural irrigation systems, and one of these, 
the Wheel line and preferably the forWard roll Wheel line, is 
the ?eld of application of the present invention. 

[0003] In a typical forWard roll Wheel line, a plenum pipe 
having ori?ces therein is supported from a number of drive 
Wheels. The plenum pipe is straight and typically from 1/8 to 
1A1 mile long. A gasoline engine is connected through a gear 
boX to the plenum pipe, Which serves as a drive shaft to 
Wheels spaced apart along the plenum pipe. The gasoline 
engine is operated to turn the plenum pipe and the drive 
Wheels, so that the irrigation source is moved laterally from 
station-to-station across a ?eld. One end of the plenum pipe 
is connected to a Water source, and irrigation is commenced. 
After a suf?cient period of irrigation, the moving process is 
repeated. In each move, the plenum pipe is translated a 
distance such that complete irrigation coverage of the ?eld 
is achieved after a series of moves. After irrigation at each 
station is complete, the operator turns off the Water source, 
alloWs the Water to drain from the plenum pipe and the 
Wheel line, disconnects the Water source from the Wheel line, 
moves the forWard roll Wheel line to the neXt irrigation 
station, connects the Water source, and begins irrigation at 
that station. 

[0004] The forWard roll Wheel line is not to be confused 
With the linear irrigation line and the center-pivot irrigation 
line. The linear irrigation line moves linearly but continu 
ously across a ?eld. The center-pivot irrigation line rotates 
continuously about a center pivot. In each case the move 
ment is continuous, rather than discontinuous as in the case 
of the forWard roll Wheel line. Both the linear irrigation line 
and the center-pivot irrigation line are full of Water While 
moving. Consequently, each requires a much larger drive 
and support structure than the forWard roll Wheel line, and 
each is typically 3-4 times as expensive as the forWard roll 
Wheel line. The present invention may be used With linear 
and center pivot irrigation lines, but it is far less economi 
cally advantageous When used With these other line systems. 

[0005] While the forWard roll Wheel line is operable and 
Widely used, the inventors have recogniZed that existing 
forWard roll Wheel lines have some signi?cant draWbacks. 
They may cause substantial environmental pollution and 
may be dangerous. They require substantial operator atten 
tion. There is, accordingly, a need for an improved agricul 
tural forWard roll Wheel line. The present invention ful?lls 
this need, and further provides related advantages. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides an improved for 
Ward roll Wheel line that is fully operable to provide agri 
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cultural irrigation. The forWard roll Wheel line of the inven 
tion has reduced noise, air pollution, and ground-Water 
pollution as compared With conventional forWard roll Wheel 
lines. Additionally, the operating cost is substantially 
reduced. 

[0007] In accordance With the invention, an agricultural 
irrigation line comprises an irrigation unit having a plenum 
pipe, a plurality of Water delivery ori?ces in the plenum 
pipe, a Water supply line in communication With the plenum 
pipe, and at least one, and typically a plurality of, drive 
Wheels supporting the plenum pipe. The Water supply line is 
preferably located at one of the ends of the plenum pipe. The 
Wheel line also includes a drive unit having a DC electrical 
motor mounted to the irrigation unit and engaged to con 
trollably rotate the at least one drive Wheel. Connection 
betWeen the DC electrical motor, Which is preferably a 
loW-voltage 12-24 volt motor, and the drive Wheel is pref 
erably accomplished by a hydraulic pump driven by the DC 
electrical motor, a hydraulic motor receiving ?uid pressure 
from the hydraulic pump, and a gearboX. A control/poWer 
unit includes a battery poWer supply, a control unit having 
as an input poWer from the battery poWer supply and as an 
output a control signal to the DC motor, and a photovoltaic 
battery charger providing recharging poWer to the battery 
poWer supply. 

[0008] The driving of the drive Wheel(s) by a DC electrical 
motor permits the unit to be operated entirely from solar 
poWer, using the photovoltaic battery charger, in most con 
ditions. The preferred loW-voltage DC electrical motor is 
safe and does not subject those Working around the irrigation 
line to the risk of shocks even in Wet Weather. The noise and 
pollution associated With gasoline motors is eliminated. 
Additionally, the system can be operated using a remote 
control unit and, Where desired, controlled by a remote 
computer. Labor costs and thence the irrigation costs are 
substantially reduced, While errors resulting from human 
inattention are also reduced. 

[0009] The present invention thus provides an ef?cient 
approach to agricultural irrigation that has reduced adverse 
environmental impacts and reduced operating costs. It is 
most preferably applied to a forWard roll irrigation Wheel 
line, but may be used With a linear irrigation line or a 
center-pivot irrigation line as Well. Other features and 
advantages of the present invention Will be apparent from 
the folloWing more detailed description of the preferred 
embodiment, taken in conjunction With the accompanying 
draWings, Which illustrate, by Way of eXample, the prin 
ciples of the invention. The scope of the invention is not, 
hoWever, limited to this preferred embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a schematic perspective vieW of a for 
Ward roll agricultural irrigation Wheel line in operation; 

[0011] FIG. 2 is a perspective vieW of a preferred drive 
unit, With some components removed for clarity of illustra 
tion; and 

[0012] FIG. 3 is a diagrammatic illustration of the drive 
and control components of the forWard roll agricultural 
irrigation Wheel line. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0013] FIG. 1 depicts a forward roll agricultural irrigation 
Wheel line 20, the preferred application of the invention, 
operating in a ?eld 22. A pressurized supply pipe 24 With 
periodic risers and connector valves 25 eXtends doWn one 
side of the ?eld. 

[0014] The Wheel line 20 includes a generally straight 
plenum pipe 26 extending across the ?eld 22. The plenum 
pipe 26 has a ?rst end 28 and a second end 30. One end of 
a Water supply line 32 at the ?rst end 28 is in communication 
With the plenum pipe 26, and the other end is in communi 
cation With one of the valves 25 in the supply pipe 24 A 
plurality of Water delivery ori?ces 34 are disposed along the 
length of the plenum pipe 26. Preferably, the ori?ces 34 have 
attached Water distribution devices such as stationary sprin 
klers or impact drive sprinklers, to provide an even distri 
bution of Water ?oWing from the ori?ces 34. 

[0015] The plenum pipe 26 is supported for rolling motion 
along its length by at least one poWered drive Wheel 36 and, 
preferably, a plurality of drive Wheels 36 and 38. The drive 
Wheels 36 are desirably located at approximately the mid 
point of the plenum pipe 26, mounted to a driver frame 40 
midWay betWeen its ends 28 and 30. The Wheels 38 are 
located remotely from the driver frame 40, at intervals along 
the length of the plenum pipe 26. The draWing of FIG. 1 
illustrates only a feW of the Wheels 38. In practice, the 
plenum pipe 26 is typically from about 1/8 to 1%; mile long, 
With Wheels 36 and 38 having a diameter of about 5-7 feet. 
The Wheels 38 are typically spaced about 40 feet apart along 
the length of the plenum pipe 26. 

[0016] In operation, the Wheel line 20 is positioned at a 
?rst station, as illustrated in FIG. 1. One end of the supply 
line 32 is coupled to the ?rst end 28 of the plenum pipe 26 
and the other end is placed in communication With the Water 
in the Water supply pipe 24 or other source of Water. Water 
?oWs from the pressuriZed supply pipe 24, through the 
plenum pipe 26, and out the ori?ces 34 to irrigate the strip 
of land on either side of the plenum pipe 26. When irrigation 
of that strip is complete, the Water ?oW through the plenum 
pipe 26 is discontinued, the supply line 32 is disconnected, 
and the Water in the plenum pipe 26 is alloWed to drain out. 
The drive Wheels 36 and 38 are turned to move the plenum 
pipe 26 and thence the Wheel line 20 across the ?eld to the 
neXt irrigation station, indicated in phantom lines in FIG. 1. 
The irrigation process as described above is thereafter 
repeated. These discontinuous, intermittent steps are 
repeated at intervals to traverse the Wheel line 20 doWn the 
?eld 22, so that the entire ?eld is irrigated by the time that 
the Wheel line 20 has traversed the length of the ?eld. 

[0017] FIG. 2 illustrates in greater detail the driving 
mechanism for the Wheel line 20. The generally rectangular 
driver frame 40 is supported at its four corners by the Wheels 
36. The plenum pipe 26 is supported from the driver frame 
40 at about the end-to-end midpoint of the plenum pipe 26 
by bearings 41. At least one, and preferably tWo, drive motor 
systems 42 are supported on the driver frame 40. Each drive 
motor system 42 is connected to the plenum pipe 26 thor 
ough a gear 43 ?Xed to the rotational output of the drive 
motor system 42 and a gear 44 ?Xed to the plenum pipe 26. 

[0018] A sprocket 45 ?Xed to the plenum pipe 26 drives 
aXles 46 to Which the drive Wheels 36 are mounted, through 
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a chain (or belt) 47. The drive Wheels 36 are ?Xedly mounted 
to the aXles 46, and the aXles 46 are supported from the 
underside of the driver frame 40 by bearings 48. The drive 
Wheels 38 (FIG. 1) are ?Xedly attached to the plenum pipe 
26 and rotate With it as it turns. The Wheel line 20 is 
translated across the ?eld 22 by rotationally driving the 
plenum pipe 26 With the drive motor system(s) 42, thereby 
rotating the Wheels 36 and 38. The plenum pipe 26 thus acts 
as a 1/8-% mile long drive shaft from the drive motor 
system(s) 42 to the Wheels 36 and 38. 

[0019] FIG. 3 illustrates the drive and control components 
of the drive motor system 42 of the Wheel line 20 in greater 
detail. As Will be described in more detail subsequently, the 
motive poWer for the Wheel line 20 is electrical poWer 
generated by solar energy. A photovoltaic cell 54 is sup 
ported on the driver frame 40 and electrically connected to 
the remainder of the drive motor systems 42. The present 
Wheel line 20 is readily controlled at the control/poWer unit 
or remotely. To implement the latter, a remote control unit 
56, including a ?rst transceiver unit 58 on the driver frame 
40 and a second transceiver unit 60 located elseWhere, is 
provided. The ?rst transceiver unit 58 is in electrical com 
munication With the driver motor system(s) 42, to provide 
control instructions or data output. 

[0020] The drive motor system 42 includes a control/ 
poWer unit 68 having a battery 70 that is charged by the 
photovoltaic cell 54 through a charging controller 72. The 
output of the battery 70 is supplied to a DC motor/valve 
controller 74. The functioning of the DC motor/valve con 
troller 74 is controlled by programmable microprocessor 76 
or other programmable controller. 

[0021] Instructions to the microprocessor 76 and reports of 
system performance may be communicated through the 
remote control unit 56. The ?rst transceiver 58 is carried 
onboard the driver frame 40 and is in hard-Wired electrical 
communication With the microprocessor 76. The second 
transceiver 60 is remotely located and is in radio contact 
With the ?rst transceiver 58. A remotely located person or 
master control computer may control the microprocessor 76 
through this radio link, and may be informed of the status of 
the Wheel line 20. 

[0022] One controllable output of the DC motor/valve 
controller 74 is supplied as a control and poWer signal 
through a cable to a DC electrical motor 78 Within the drive 
unit 50. The DC electrical motor 78 supplies poWer to a 
hydraulic pump 80. The hydraulic pump 80 drives a hydrau 
lic motor 82, through a solenoid valve 83. The solenoid 
valve 83 is operated by a second output of the DC motor/ 
valve controller 74. The solenoid valve 83 alloWs the 
controllable reversing of the hydraulic motor 82, so that the 
Wheel line 20 may be driven across the ?eld in either 
direction. The output of the hydraulic motor 82 is supplied 
to a gear set 84, Which in the preferred embodiment is the 
gears 43 and 44. The gear set 84 reduces the output of the 
hydraulic motor 82 to a loW turning rate, high torque output 
that is provided to the plenum pipe 26 and thence to the 
Wheels 36 and 38. 

[0023] Where there are multiple drive motor systems 42, 
these elements may be arranged as desired. In the preferred 
approach, there is a single control/poWer unit 68, a single 
DC motor 78, a single hydraulic pump 80, a single solenoid 
valve 83. These supply motive force to tWo hydraulic motors 
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82 and tWo gear sets 84. Other equivalent approaches may 
also be used based upon the system described herein. 

[0024] A Working prototype of the present invention has 
been built and tested by the inventors. AWestern Irrigation 
forWard roll Wheel line Was used. The gasoline motor Was 
removed and a permanent magnet, 11/z horsepoWer DC 
electric motor 78, manufactured by Ohio Electric, rated at 24 
volts and 2700 rpm Was installed. The solenoid 83 Was a 
Compact Controls CP530-3P. The hydraulic motor 82 Was a 
Char-Lynn H-series motor. TWo 12-volt lead acid, deep 
cycle Johnson Controls batteries 70, each rated at 115 
ampere-hours, Were connected in series to provide the 
24-volt poWer for the motor. The solar panel 24 Was a 55 
Watt, 12-volt model manufactured by Solec. The charging 
controller 72 included a 12 volt-to 24 volt DC to DC 
converter. The microprocessor 76 Was a Microchip Tech 
nology PIC16C54. For the prototype in Which communica 
tion Was made only to (and not from) the Wheel line 20, the 
transceiver 58 Was a Linear Corporation Model DXR-701 
receiver, and the transceiver 60 Was a Linear Corporation 
Model DXT-25 transmitter. The prototype Wheel line Was 
successfully operated by the inventors to irrigate a ?eld 22. 

[0025] Although a particular embodiment of the invention 
has been described in detail for purposes of illustration, 
various modi?cations and enhancements may be made With 
out departing from the spirit and scope of the invention. 
Accordingly, the invention is not to be limited eXcept as by 
the appended claims. 

What is claimed is: 
1. An agricultural irrigation line, comprising: 

an irrigation unit, comprising 

a plenum pipe, 

a plurality of Water delivery ori?ces in the plenum pipe, 

a Water supply line in communication With the plenum 
pipe, and 

at least one drive Wheel supporting the plenum pipe, 

a drive unit, comprising 

a DC electrical motor mounted to the irrigation unit and 
engaged to controllably rotate the at least one drive 
Wheel; 

a control/poWer unit, comprising, 

a battery poWer supply, 

a control unit having 

as an input poWer from the battery poWer supply, and 

as an output a control and poWer signal to the DC 
motor, and 

a photovoltaic battery charger providing recharging 
poWer to the battery poWer supply. 

2. The irrigation line of claim 1, further including 

a remote control unit operably connected to the control 
unit, comprising 

a transmitter, and 

a receiver operable to receive signals from the trans 
mitter. 
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3. The irrigation line of claim 1, Wherein the drive unit 
further comprises 

a hydraulic pump driven by the DC electrical motor, 

a hydraulic motor that receives ?uid pressure from the 
hydraulic pump, and 

a gearbox having an input turned by the hydraulic motor 
and an output operably connected to the at least one of 
the drive Wheels. 

4. The irrigation line of claim 1, Wherein the DC electrical 
motor is operable With a maXimum drive voltage of from 
about 12 to about 24 volts. 

5. The irrigation line of claim 1, Wherein the control unit 
includes: 

means for intermittently transmitting the control and 
poWer signal to the DC motor. 

6. The irrigation line of claim 1, Wherein the plenum pipe 
has a ?rst end and a second end, and Wherein the Water 
supply line coupling is at a ?rst end of the plenum pipe. 

7. The irrigation line of claim 1, Wherein the irrigation 
unit includes 

a plurality of drive Wheels supporting the plenum pipe. 
8. The irrigation line of claim 1, Wherein the irrigation line 

is a forWard roll Wheel line. 
9. An agricultural irrigation line, comprising: 

a plenum pipe having a ?rst end and a second end; 

a plurality of Water delivery ori?ces in the plenum pipe; 

a Water supply line coupling in communication With the 
plenum pipe at the ?rst end thereof; 

at least one drive Wheel engaged to and supporting the 
plenum pipe; 

a DC electrical motor mounted to the irrigation unit and 
engaged to controllably rotate plenum pipe; 

a battery poWer supply; 

a control unit having as an input poWer from the battery 
poWer supply, and as an output a control and poWer 
signal to the DC motor; and 

a photovoltaic battery charger providing recharging 
poWer to the battery poWer supply. 

10. The irrigation line of claim 9, further including 

a remote control unit operably connected to the control 
unit, comprising 
a remote control transmitter, and 

a remote control receiver operable to receive signals 
from the transmitter and to provide command signals 
to the control unit. 

11. The irrigation line of claim 9, Wherein the DC elec 
trical motor is operable With a maXimum drive voltage of 
from about 12 to about 24 volts. 

12. The irrigation line of claim 9, Wherein the control unit 
includes: 

means for intermittently transmitting the control and 
poWer signal to the DC motor. 

13. The irrigation line of claim 9, Wherein the irrigation 
line is a forWard roll Wheel line. 


