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Control Methods of Direct Nozzle Injection System
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Abstract; To realize site-specific and variable-rate application of agricultural pesticides, accurately
metering and controlling the chemical injection rate is necessary. This study presented a prototype of
direct nozzle injection system ( DNIS) based on which method of controlling chemical injection rate was
studied. In this DNIS, a rapid-reacting solenoid valve (RRV) was utilized for injecting chemicals, and it
was driven by pulse-width modulation (PWM) signal at 100 Hz, adjusting the chemical injection rate
with varying pulse width. A closed-loop control strategy based on proportional — integral — derivative
(PID) method was applied to meter and stabilize the chemical injection rate. Laboratorial experiments
were conducted to assess the performance of RRV, including effect of PWM signal with start-up time on
pesticide injection, the power consumption of RRV, the input — output characteristics of RRV, and the
time elapsed of shutting down pesticide flux completely. The performance of DNIS and PID controller on
stabilizing pesticide injecting rate was also evaluated, not only output of flowmeter but also electric
conductivity measuring method were employed to indicate the stabilization of pesticide. Test results

showed that RRV was capable of precisely metering chemical injection rate. With PID controller, the set-
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point chemical flow rate could be achieved within less than 4 s, and the stability of chemical flow rate was

also improved against without control strategy.

Key words: quantitative pesticide spraying; direct injection; rapid-reacting solenoid valve; pulse width

modulation ; closed-loop control
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Fig.5 Closed-loop control of pesticide injection rate
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Tab.1 Voltage and consuming power needed for

different delivering pressures of pesticide

AZG{E3EIE S/ MPa RRV BiSiLIE/V  RRV Z0FE/W
0.1 0.436 0. 83
0.2 0. 638 1.77
0.3 0. 740 2.38
0.4 0. 850 3. 14
0.5 0.912 3.62
0.6 1. 006 4.40
0.7 1. 035 4. 66
0.8 1. 136 5.61
0.9 1.172 5.97
1.0 1.320 7.58
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WER R XMARAEAM Ba mk# EbJF
P H/V R/ (mLemin~') B/ iRE/V O WR/%  BHE/s

4 0.129 3.09 0.016  24.65 0.42
5 0.174 3.17 0.019  36.88 0. 40
6 0.277 2.58 0.021 20.77 0.42
6.5 2.611 3.32 0.020  30.98 0.44
7 4. 647 1.31 0.011 6.48 0.38
8 11. 809 0.98 0.010 4.13 0.38
9 23.367 1.26 0.013 5.36 0.36
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