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Abstract: In the present study, an electro-hydraulic system for repositioning the soil shield of a rotary
tiller was designed, developed, and evaluated to make it automated for performing variable rate tilling
operation. The reposition of the soil shield was studied in the opening and closing stages from 0° to
80° and vice versa, with a 10° and 20° increment under laboratory and field conditions, respectively.
Under laboratory conditions, the speed average of soil shield reposition in the opening and closing
stages were 102.0£9.2 and 79.0£8.7 deg/s, with the time average in opening and closing stages of
0.11+0.02 and 0.15+0.01 s, respectively. The correlation coefficients between the requested position
for the soil shield and the position created by the hydraulic actuator under laboratory conditions in
both opening and closing states were R? = 0.99 (RMSE = 0.7 deg). Under field conditions, the speed
average of the soil shield reposition at three travel speeds of 2.6, 3.5, and 4.8 km/h in the opening
stage were 97.7, 99.1, and 99.1 deg/s and in the closing stage were 77.3, 78.3, and 78.7 deg/s,
respectively. The correlation between the requested position for the soil shield and the position
created by the hydraulic actuator in both opening and closing states were R? = 0.99 (RMSE = 1.2 deg)
and R?=0.99 (RMES=1.3 deg), respectively. The soil shield repositioning system can be performed
in less than 0.3 s in-field, making it an effective and practical tool for performing variable rate tillage.

Keywords: Encoder, Feedback signal, Precision agriculture, Electro-hydraulic, LabVIEW.
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Figure 1- Flowchart of electro-hydraulic system for soil shield repositioning of rotary tiller.
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5. Feed back signal

1. Data acquisition
2. Solid state relays
3. Active control
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Figure 2. Soil shield repositioning system implemented on a Goldoni tiller (C40); a) tiller and tractor, b) soil shield encoder, c) ground wheel
encoder, d) computer, e) data transportation system, f) solenoid valve.
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Table 1. Laboratory results of operating speed and time of soil shield repositioning system to obtain the requested position
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Figure 3- Length of the actuator arm versus soil shield position
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Figure 4- Requested and achieved position of soil shield under laboratory condition in a) opening and b) closing stages.
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Table 2. The best fit correlation between the requested and obtained soil shield position at different travel speeds under field conditions
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Table 3. The hydraulic actuator time and speed in repositioning of soil shield to obtain the required position
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Table 4. The distance traveled to obtain the required soil shield position under field conditions
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Figure 5- Conformity of requested and achieved position of soil shield while traveling across the field at three travel speeds of 2.6 (a), 3.5 (b),
and 4.8 (c) km/h.
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Table 5. Standard deviation in obtaining different soil shield positions at three examined travel speeds
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