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Development of a Controller for Variable—rate Application of Granular Fertilizer

J.H. Yu Y. J Kim K H Ryu

Abstract

This study was conducted to design and fabricate a controller for variable-rate application of granular fertilizer based on
physical and chemical information, to analyze the performance of the controller and characteristics of a discharger.

The result of the study are summarized as follows:

1. The charge ratios of discharger by accumulation heights of fertilizer in hopper were examined, and the variations in
charge ratio were 72.58~93.33% and 63.14~94.42% for the fertilizers Super 21 and Sinsedae, respectively. The charge
ratio also decreased as the rotational speed of discharger increased.

2. The coefficient of variation of discharge amount by rotational speed and discharge time of discharger were in the range
of 2.94~11.23% and 2.82~10.80% for the fertilizer of Super 21 and Sinsedae. Except the rotational speed of 12 rpm,
the coefficient of variation for discharge amount were relatively small with 4% more or less

3. In order to evaluate the rotational speed of discharger, the control signal in the range of 0~5V was subdivided into
the 50 steps by 0.1V. The regression equation for the rotational speed of discharger was ¥Y=55.984X-79.174(X: input voltage,
V, Y discharger speed, RPM) and the R® was 0.99.

4. In order to evaluate the performance of the controller for variable-rate application of granular fertilizer, settling time
to unit step input was examined. The settling time varied from 0.8sec to 1.4 sec.

Keywonds : Precision framing, Variable-rate application, Granular fertilizer, F/G servo system
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Fig. 1 The control system for variable-rate application of granular
fertilizer using control computer for automobile.
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Fig. 4 Operation principle of the F/V converter in F/G servo system.
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Table 1 Charge ratio of discharger and CV (%) of discharge amount by accumulation height and rotational speed

Accumulation height Accumulation height Accumulation height
Ttem REM (40 cm) (30 cm) (20 cm)

Charge ratio cv Charge ratio cv Charge ratio CcvV
(%) (%) (%) (%) (%) (%)
12.00 83.76 6.68 88.11 11.23 93.23 10.62
24.00 66.73 5.63 74.18 434 86.79 495
36.00 82.02 3.96 82.69 4.65 83.93 451
48.00 79.37 3.66 82.14 4.76 82.71 4.90
Super21 60.00 82.80 3.61 77.90 3.87 78.43 5.00
(22-12-12) 72.00 88.66 2.94 77.52 6.09 78.30 3.87
84.00 77.15 5.02 76.40 451 76.81 8.77
96.00 76.44 427 76.16 3.62 75.27 5.05
108.00 75.75 3.78 73.91 3.77 75.58 3.80
120.00 72.58 3.04 72.62 4.08 74.26 3.94
12.00 87.77 7.60 80.89 8.98 93.42 10.80
24.00 80.60 3.18 81.02 3.48 83.71 3.58
36.00 74.65 3.98 71.56 4.13 73.72 3.96
48.00 73.29 3.53 74.42 443 69.14 4.60
Sinsedae 60.00 74.32 3.25 68.30 3.69 70.23 347
(21-17-17) 72.00 71.46 355 71.79 3.56 68.62 375
84.00 69.63 344 67.25 3.99 65.35 327
96.00 68.30 2.82 68.19 3.62 66.38 435
108.00 66.52 5.29 65.37 3.92 63.14 4.70
120.00 65.99 341 65.16 411 63.85 3.61
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Fig. 12 Discharger speed versus control signal.
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Fig. 13 Errors in discharger speed by accumulation height in hopper.
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Table 2 CV of discharger speed by unit input of controller for variable-rate application

Step Settl(ing time 95% of unit input | mean discharger speeds St. Dev CoV

sec) (rpm) (rpm) (%)

1st 0.80 9.79 10.20 0.54 3.06

2nd 1.40 26.62 28.20 0.54 2.16

3rd 1.30 46.07 48.60 1.55 0.76

4th 1.10 63.46 66.60 4.36 0.70

5th 0.90 77.23 81.00 8.26 0.59

6th ) 0.70 97.96 103.20 12.63 0.51
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Fig. 14 Discharger speeds by unit input of controller for variable-
rate application.
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