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Oklahoma State University Ramp Strip Applicator

Department of Biosystems and Agricultural Engineering
Department of Plant and Soil Sciences

Construction


The OSU Ramp Strip Applicator is designed for a Kawasaki Mule utility vehicle. However, the design will probably fit most commercial utility vehicles. The liquid plumbing portion of the sprayer is composed of a 50 gallon tank and boom mounted on a skid that was purchased form Wylie Sprayers. The skid is bolted to the dump bed of the vehicle A Honda 5.5 HP engine drives a 7-roller Hypro pump (see Figure 1). The boom was three sections; two outer wings that fold up and a middle section. The purchased boom was originally 10 ft. wide and was lengthened to 14 ft. wide. The middle section of the boom was wider than the vehicle. Therefore, the middle section was shortened in order to be just as wide as the vehicle. 1.5’’ X 1.5’’ square tubing was added to the end of the wings to get a width of 14 ft.
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Figure 1. Ramp Strip Applicator 14 ft. Boom
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Figure 2. Honda 5.5 HP Engine


A set of four Remcor solenoid valves are mounted on 24’’ centers across the boom. Each solenoid valve is equipped with a wide angle flat spray tip from Teejet. Two valves are mounted back to back and then side by side on a ¾’’ poly pipe (see Figure 2). The nozzles are sized for an operating pressure of 40 psi. The corresponding rates are 0.1, 0.2, 0.4, and 0.8 gallons per minute. The nozzles should be about 20’’ off of the ground. The boom height is adjustable.
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Figure 3. Remcor Valve Set
Custom brackets were fabricated to mount the poly pipe. A piece of 3/16’’ thick strap, 1.5’’ wide was bent 90 degrees. Another piece of strap was used on the bottom side of the square tubing to mount the L-shaped bracket. Stainless steel U-Bolts with a plastic insert mounted the poly pipe to the L-shaped bracket. Stainless steel hardware must be used on all components as to prevent corrosion form fertilizer.
There are three return lines in the system. Two adjustable pressure control valves are plumbed into two different return lines. A solenoid valve controlled by a programmable logic controller (PLC) is mounted in the other return line. A tee strainer and shutoff valve are located in the suction line. A pressure gauge is located in the plumbing so the operator can observe the pressure that the pump is producing.
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Figure 4. Pressure Control Valves, Shutoff Valve, Tee strainer, and Pressure Gauge
A pressure gauge is mounted on the front of the vehicle so the operator can observe the operating pressure while spraying. For longer gauge life, a chemical isolator is plumbed into the gage line. The Dickey-John radar is mounted on the front of the unit (see Figure 4). The radar setting is at  44Hz/mph.
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Figure 5. Dickey-John Radar
A PLC controls which solenoids are powered which in turn determines the application rate. A hinged enclosure houses the PLC and other electronic components. A LCD display screen allows the operator to view ground speed and which valves are currently being powered (see Figure 4). The PLC drives 5 relays which are housed in a separate enclosure. A Dickey-John radar measures the speed of the vehicle. There are 5 single pole single throw switches mounted on the front of the enclosure. These switches are for manual switching of the each of the four solenoids and the other is for the On/Off switch. A three position switch is also mounted on the front of the enclosure. This switch allows the user to select a manual mode of fertilizer application (flat rate), neutral, or start ramp application. Consult appendix A for detailed wiring diagrams. A cable with a DB9 connector is left in the PLC enclosure. This cable is used for program transfer to the PLC (see Figure 5).  Deutsch connectors were used on most electrical wiring harnesses
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Figure 6. LCD Display Screen
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Figure 7. DB 9 Cable for Program Transfer
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Figure 8. Internal Wiring of PLC
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Figure 9. Relay Enclosure
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Figure 10. Internal Wiring of Relay Enclosure
	Ramp Strip Applicator Component Specification Sheet

	
	
	
	
	
	
	
	

	Item
	 
	Quantity
	 
	Part #
	 
	Vendor

	Solenoid Valves
	
	28
	
	2605
	
	Texas Industrial Remcor

	U-Bolts
	
	7
	
	3176T12
	
	McMaster-Carr

	3/4'' Poly Pipe
	
	14 ft
	
	Various
	
	Various
	

	Poly Pipe Brackets
	
	7
	
	Various
	
	Various
	

	LCD Screen
	
	1
	
	LCD 420
	
	Triangle Research International, Inc.

	PLC
	
	1
	
	T100MD888+
	
	Triangle Research International, Inc.

	Panel
	
	1
	
	LP2015
	
	Hoffman
	

	Enclosure
	
	1
	
	LHC201512
	
	Hoffman
	

	Nozzles
	
	7
	
	TT11001
	
	Teejet
	

	Nozzles
	
	7
	
	TT11002
	
	Teejet
	

	Nozzles
	
	7
	
	TT11004
	
	Teejet
	

	Nozzles
	
	7
	
	TT11008
	
	Teejet
	

	Spray Skid
	
	1
	
	W5148
	
	Wylie
	

	Honda Engine and pump
	
	1
	
	81105XL-H
	
	Wylie
	

	Boom Mount
	
	1
	
	W8869-3PT
	
	Wylie
	

	Boom
	
	1
	
	W8115-1
	
	Wylie
	

	Plumbing
	
	1
	
	W8115-H5Q
	
	Wylie
	

	Solid State Relays
	
	5
	
	D1D40L
	
	Allied Electronics

	Relay Enclosure
	
	1
	
	Optional
	
	Optional
	

	Single Pole Single Throw Switch
	
	5
	
	Optional
	
	Optional
	

	3 Position Switch
	
	1
	
	Optional
	
	Optional
	

	Dickey-John Radar (44Hz/mph)
	
	1
	
	Optional
	
	Dickey-John


Table 1. Component List
Operation


Before operating the unit, make sure all valve switches on the PLC are switched to off and the mode is set to neutral. There are two different modes that the vehicle can operate; manual mode and ramp mode. Select a uniform area in the field to apply strip. Take note of areas such as terraces, low spots, double-sowed corners, etc. Keep in mind the length of the strip you wish to apply. The ramp application is 320 feet or 107 yards long. Also, the vehicle must be traveling at 5 mph in order to apply correct rates. Rates are based on 28% UAN. When applying strips, make sure there is enough distance before the site of application to get the unit to stable 5 mph. Place flags at the start and end of the strips in order locate them easier when sensing. Try to drive in a straight line as well.

Remember to adjust pressure regulators for 28% UAN. All rates are based on 40 psi for these particular nozzles. For more accurate results, record the pressure for each valve combination. With this information, a more accurate rate can be calculated. As long as the pressure is within 40 psi +/- 5 psi, the error will be no larger than 6 %.

Manual Mode Operation

For manual mode, the operator simply starts the engine on the spray skid and throttles the engine up to full speed. Make sure that the mode switch is selected on Neutral on the PLC. Turn on the power to the PLC. A pressure transducer was used to determine the actual pressure and corresponding rate for each valve combination. This is the actual rate that the machine is applying at 5 mph. This is reported as adjusted rate whereas rate is the rate applied if the pressure were held at a constant 40 psi. The control system on this machine cannot maintain a constant 40 psi setting. However, it can be within 40 psi +/- 5 psi.  Use the chart below to select the combination of valves that will give the desired rate. 
	Manual Mode Valve Selection for Desired Rate
	

	
	
	
	
	
	
	

	Rate (lbs. N per acre)
	Adjusted Rate
	 
	Valve 1
	Valve 2
	Valve 3
	Valve 4

	13
	13
	 
	X
	 
	 
	 

	
	 
	
	
	
	
	

	26
	26
	 
	 
	X
	 
	 

	 
	 
	
	
	
	
	

	39
	39
	 
	X
	X
	 
	 

	 
	 
	
	
	
	
	

	52
	51
	 
	 
	 
	X
	 

	 
	 
	
	
	
	
	

	65
	63
	 
	X
	 
	X
	 

	 
	 
	
	
	
	
	

	78
	76
	 
	 
	X
	X
	 

	 
	 
	
	
	
	
	

	91
	94
	 
	X
	X
	X
	 

	 
	 
	
	
	
	
	

	104
	109
	 
	 
	 
	 
	X

	 
	 
	
	
	
	
	

	117
	121
	 
	X
	 
	 
	X

	 
	 
	
	
	
	
	

	130
	132
	 
	 
	X
	 
	X

	 
	 
	
	
	
	
	

	143
	143
	 
	X
	X
	 
	X

	 
	 
	
	
	
	
	

	156
	154
	 
	 
	 
	X
	X

	 
	 
	
	
	
	
	

	169
	162
	 
	X
	 
	X
	X

	 
	 
	
	
	
	
	

	182
	175
	 
	 
	X
	X
	X

	 
	 
	
	
	
	
	

	195
	185
	 
	X
	X
	X
	X


Table 2. Manual Mode Rates and Valve Combinations
Turn on the desired valves on the PLC. Note spraying will not yet begin. Go to the selected area to apply the strip. Allow enough distance to stabilize the vehicle at 5mph. Once the vehicle is at 5mph and the area has been approached, turn the three position switch labeled Manual, Neutral, Ramp; to Manual.  The unit will now begin spraying. Watch the gauge mounted on the front of the vehicle to make sure that the pressure is 40 psi +/- 5 psi. If pressure is outside of this range, stop applying the strip. Check the level of UAN in the tank and pressure regulators. When done applying strip turn the three position switch to Neutral and then turn all valves off.
Ramp Mode Operation

For ramp mode, the operator simply starts the engine on the spray skid and throttles the engine up to full speed. Turn on the power to the PLC. Make sure that the mode switch is selected on Neutral. Go to the selected area to apply the strip. Allow enough distance to stabilize the vehicle at 5mph. Once the vehicle is at 5mph and the area has been approached, turn the three position switch labeled Manual, Neutral, Ramp; to Ramp.  The unit will now begin spraying. On the LCD screen of the PLC, the valves that are currently on will be displayed. This insures that the PLC is applying the correct rates. For Example: if the screen displays 
“Valves Currently On”

“          0230               “
This means that Valves 2 and 3 are on and Valves 1 and 4 are off.  Figure 9 displays a graph of distance versus rate applied.
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Figure 11. Ramp Rates and Distances
Watch the gauge mounted on the front of the vehicle to make sure that the pressure is 40 psi +/- 5 psi. If pressure is outside of this range, stop applying the strip. Check the level of UAN in the tank and pressure regulators. The PLC will automatically stop spraying when the ramp is completed. DO NOT stop spraying when the “Valves Currently On” displays “0000” Remember that there are two zero rates back to back in the middle of the ramp. Once the middle of the ramp has been passed, the next time the operator sees “Valves Currently On” displays “0000” then the ramp has been completed and the operator can stop. Turn the three position switch to Neutral and turn the engine off.
List of Vendors

· Wylie Sprayers

5800 SW 11th

Oklahoma City, OK

888-665-5538
http://www.wyliesprayers.com/

 

· TeeJet Mid-Tech West (Spraying Systems Co.)

3500 S. Phillips Ave., Suite 125

Rapid City, SD 57105

605-338-5633
http://www.teejet.com/ms/teejet/

 

· Texas Industrial Remcor

Box 3704

Temple, TX

254-982-4236
http://www.sprayervalves.com/

· McMaster-Carr

 (732) 392 – 6200

http://www.mcmaster.com/
· Triangle Research International, Inc

1685 H Street, #198
Blaine WA 98230-5106
1-877-TRI-PLCS 
http://tri-plc.com/
· Hoffman

2100 Hoffman Way
Anoka, Minnesota 55303-1745 U.S.A
Phone: 763-421-2240 
Fax: 763-422-2178 

http://www.hoffmanonline.com/
· Crydom
Sales Support (877) 502-5500
Tech Support (877) 702-7700
Fax (619) 710-8540
sales@crydom.com
http://www.crydom.com/default.aspx
· Dickey-John Corporation

5200 DICKEY-john Road

Auburn, IL 62615

(217) 438 - 3371

http://www.dickey-john.com/
· Deutsch engineered Interconnect Solutions
1346 Lela Lane
Milford
OH 45150
USA
Tel: 513 722 2018
Fax: 513 722 2018
Website: www.deutscheis.com
Ramp Strip Applicator Flow Charts and Wiring Diagrams
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Ramp Strip ladder Diagrams and Code For PLC
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