Agricultural Electronics-1983 and Beyond. Vol. 1,
Fleld Equipment, Irrigaticn & Drainage. Proc.

of the Natl. Conf. on Agric., Elec. Applications.
Dec. 11-13, 1983, Chicago, Ill. ASAE.ppl82-190,
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Automation of Surface Irrieation

Automation is being used increasingly to improve farm water application
efficliency and to reduce labor requirements. For many years, farmers have
wanted and needed time-controlled devices and structures to change thelr
irrigation sets automatieally, particularly when it is insonvenient for
them to make the change, such as at npight. Such equipwent has not been
avallable commercially.

Innovative irrigators and researchers have tested many different kinds of
automated gates and valves and have relled almost entirely upon mechanical
clocks and timers for the timing funotion. Alarm clocks, which have seen
the most use, have only been partially successful and have a number of
disadvantages. For example, they do not have a built-in linkage for
releasing a gate trip and have no direect Indication of the irrigation time.
They are subject to damage and corposion from dust and water and require
resetting at least every 12 hours. They have only a aingle function and
cannot be used to control both the delay interval until irrigation tegins
and the actual irrigation duration; two clocks are required for this.
Twenty-four heur mechanieal timers and electromechanical elocks have been
used to a limited extent but still have some of the disadvantages of alarm

clocks.

In recent years, many irrigation controllers have beceme available
commercially for sprinkler and micro {drip) irrigation. These operate on
AC electrical power which is usually available where such systems are used
because of the need to operate pumps to prassurize the water. Most surface
irrigation systems operate by gravity, and line elecirilcal power is seldom
avaiiable to operate timers and controllers, so electrical timers for
surface irrigation need to be battery-powered.

Electronic Timers

Microprocesser-based timers have many desirable characteristios as
irrigation controllers. Some timers can be powered from batteries for
extended periods; this is particularly important for single-station timers
that are used to control one or two gates or valves at individual field
locations. This contrasts to a controller that operates many vaives or
gates from a central location where electrical power is more likely to be
available., The high degree of precision which can be obtained from the
timer's quartz crystal oscillator time base 1s needed where single-station
timers operate independently to open and close gates or valves in sequence.

The authors are: H. D. FISHER, Electronics Engineer, and A, 5. HUMPHERYS,
Agricultural Engineer, USDA-ARS, Snake River Conservation Research Center,

Kimberly, Idaho.
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Opening and closing musat be ccordinated to be certaln that at least one
outlet 1s copen at 2li times Lo prevent overtopping of the supply ditch or
pressure bulldup in the supply pipeline, Succeeding gates or valvea are
usuglly copened before the preceding units close; cumulative errors with
inaccurate timers could result in all outlets being elosed. This was often
a problem with mechanical timers because t{hey could not be set to the
degree of precision required.

Electronic timers can be designed to perform multiple functiona. For
examwpie, they can provide the necessary time delay to sequence the opening
of gates and valves to begin irrigation and also control the irrigation
duration. Electronic timers can provide a digital display, either
continucualy or on command, of the programmed functions and can wm.umoxmmmn
and sealed in relatively small enclosures. The basic components are
relatively inexpensive and once the design and circuit boards are developed
for a given unit, they can be produced in quantity economiecally.

Battery-powered electroric timers have been used to a very limited extent
in irrigation, mostly by researchers on an experimental basis (Edling et
al.1978, and Fisher et al.1978}. & timer that can serve several of these
functions was developed and tested because of the need for a single=-station
electronic timer for surface irrigation applications.

It can be used {1) as a simple on-off timer to open one gate or valve and
close another simultaneously; {(2) to provide programming and control for
two valves used for automatic furrow cutback irrigation and (3} provide
progranming and control for intermittent or surge irrigation using two
valves, It can provida both delay and irrigation time control for two
valves or gates al one location. This paper describes this timer, its
petential uses and performance tests.

CIRCUITRY AND PROGRAMMING
Hardware Design

The major design considerations for this controller were low power for
battery operation, low component count for economy and generalized
c¢ircuitry for use in more than one application. These criteria indicated a
software~driven design making maximum use of CMOS LSI ¢ircuits,

The central element of the cirouit is an 1802 CMOS microprocessor @amn:mpnw
ROM-based software. The memory for the system iz one page (256 bytes} of
5101 static CMOS RAM and elght pages (2048 bytes) of 27C16 CMOS EPROM. All
input/output is handled through ar 1851 CMOS Programmable Input/Qutput Port
(PIC). CMOS SSI and MSI "giue® circuits complete the design. The
contoller is powered by B D-size alkaline flashlight batteries.

An 18,000 microfarad capacitor charged to 24 volts supplies energy to shift
solenold armatures. A DC-to-DC converter produces 24 volts from the 5 volt
logic supply. The processor turns the converter on and off, and sends
signals to activate the solenocids. These signals go through a Darlington
amplifier stage, then to the gates of SCR's that switch current to the
solenoids. The voltage converter is off when the sclenoids are activated
30 the capacitor will discharge below the on-state holding current of the
SCR and allow the SCR to commutate to the off state,

This output structure provides a pulse of sufficient energy to operate
solenolds with power ratings up te about 1B0 watts intermittent. The
controller has six cutput terminals to accomodate the two dual-coil,
momentarily-energized valves being used, Each group of three terminals
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The processor turns on the DC-to-DC converter, charges the capacitor for a
set time-delay, then turns off the converter. It sequentially activates
the signal line to switch the firat valve, deactivates the line, then
pauses a set delay time to allow the SCR to commutate. It will then return
to the main program, or repeat the cycle if the state of the seqond vaive
also needs to be changed,

TYPICAL SURFACE IRRIGATION APPLICATIONS

Open Channel Gates

Semiautomated gates are used both as check structures in a head ditech and
at field turnouts from the diteh, A mechanical linkage or trip device is
used to release the gate from its normally open or closed pesition. When
the gate is contrelled by an electronie timer, an electric sglenoid is used
to actuate the trip mechanism. Most gates are reset manually and are
considered semiautomatic. FEach gate usually has a single function but twe
are often used at one location so that the combination has a dual function;
one opens while the other closes. The two momentary electrical pulszes
required for these can be provided from one valve control outpuf of the
single-~station timer; the other output would not be used. The timer can be
used to provide a single electrical pulse for a single function gate, but a
single function electronic timer, when commercially available, would be
more economieal. .

Pipeline Valves

Since automated irrigation valves are often used in pairs on a riser from a
buried supply line, the single-station timer was designed to provide four
momentary electrical pulses to open and close two irrigavion valves.

Autogatic Furpow Cwiback: Irrigaticn runoff can often be reduged with
furres irrdigation by reducing the stream size after water has advanced
through the length of tha field. This is accompiished with the split-set
technique (Humpherys 1978) by diverting the entire irrigation water supply
stream onto one-half of the field segment or set to be irrigated until all
of the furrows are wet throughcut their length and water runs off the
field. The irrigation stream is then directed onto the other halfi of the
field segment for the same length of time. Water is then reintroduced inte
the furrows of the firat helf ao that the entire atream of water is
distributed across the total set for the remainder of the irrigation. The
gingle-station timer controls the opening and closing of the two valves in
the required sequence to achieve cutback or reduced stream sizes for this
technique. It then closes both valves when irrigation of that field
segment is complete.

Surge Flow Irrigation: Surge flow Irrigation (Stringham and Keller 1979) is
a relatively new technique wherein water is applied to the field surface in
a series of intermittent on-and-off surges. It is an operational practice
which can improve the performance and versatility of surface irrigation
systems. Since it 1s not feasible to manuaily operate 2 systes in this
manner, the system must be automated. One method of achieving surge flow
is 10 operate two valves alternately. The valves are installed in a tee
configuration at the upper end of the fleld in the same manner as for
automatic furrow cutback sc that each valve controls water flow into a
length of gated distribution pipe attached to the valve {Humpherya 1983).
The single=-station timer can be programmed for ¢ycle times ranging from one
‘minute to 60 minutes such that each valve is open for the programmed time
interval during each cycle. They can also be programmed for the desirsd
aumber of cycles. When the valve open/elose positions change, the

106

succeeding valve ocpens first mwmns.tsunu the
Ppreceding valve clesea, Thus
one of the valves is open at all times to aveid problems that could arise )

MMos a condition where all valves are closed with no place for the water to

For some conditions, it is desirable to increase the time for su

surge cycles., This provides additional time for water to mn<mnomowmnﬂ”m
furrows to the peint it reached during the preceding cyecle. Ths
single-station timer can be programmed to increase each cycle time with a
given time increment varying from zero to 60 minutes. After the programmed
number of surge cycles had been accomplished, the timer can either close
both valves to terminate irrigation or open both valves simultanecusly to

complete the irrdgation with cuiback stream siz
to terminate irrigation, es before closing the valves

FIELD AKD LABORATORY TESTS

The first two timers bullt were used with water-oper

Each valve controlled irrigation water in a set ow mMMMM wmwwmma%wm MM“M”“.
provided an electrical impulse to actuate the dual coil solenoid pilot
valve (Humpherys and Pauliukonis 1983) that was usad with these irrigation
valves {Fig. 1). After debugging problems were sclved, the timers
performed reliably and satisfactorily. The first two units were each
powered by a 22 1/2 volt dry cell battery. The voltage required to charge
the output capacitor was provided directly from the battery. This proved
inefficient since the wattage to operate the total unit was relatively

large. The timers were modified and subs
e o) equently powered by four D-size

The timers were used with air-operated butterfly valves

for surge irrigation., One of the modified wuaowu waa =nMM Mwo“” MMaMwmmoM
test with these valves in the laboratory. It cycled the valves at varying
time intervals over an eleven-week period. During this period of time, it
operated the two valves for over 1700 cyeles; this representa about qcmo
valve opening-closing operations with the zame set of batteries.

Fig. 2 Single-station timer used to control air-operated
butterfly valves.
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sontrol for two valves used as a pair for automatic furrow cutback
irpigation and (3) provide progranming and control for internittent or
surge irrigation uysing two valves.

The timer has a low power requirement and is powered by four D-size
alkaline batteries. Its output provides an electrical pulse of sufficient
energy to operate four solencids each with power ratings up to about 180
watts intermittent. The timer is easily programmed with three SPDT, center
off, toggle switches with almost no operator instruction. A #-digit LCD
display Shows present tisze of day, program prompts, recalled parameters and
system status as selected by the operator.

The timer was used in the field during the 1983 irrigation season to
control water-operated irrigation valves and air-operated butterfly valves.
It can also be used %0 control various types of gates used in open channel
irrigation systems.
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